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PREFACE

EXISTING RESEARCH TECHNIQUES ARE BEING IMPROVED CONSTANTLY

and new research techniques are being developed. The beginning
graduate student in health, physical education, and recreation
should find this book a helpful introduction to prentclay methods
and techniques of research. It is hoped that the students who
seriously desire suggestions for solutions to problems will find
help in this edition.

The emphasis in the writing of the chapters has been placed
upon the application of the research methods and techniques. The
complete procedures for methods and techniques will not be found
in all instances, but enough guidance will be found for a student
to obtain a basis for further development of solutions to problems
The research methods and techniques described are used in our
fields of health, physical education, and recreation, as well as in
the fields of education, anatomy, audiovisual aids, physiology,
and psychology. Help beyond that Riven in this hook may be found
in research done in our fields and in other fields, as well as in
other research methods books.

This Second Edition is a completely new version of Research
Methods Applied to Wealth, Physical Education, and Recrea
which was originally published in 1949 as t; proiect of the Re.
search Section of the American Association fin. Health. Physical
Education, and Recreation. Most of the chapters have been corn.
pletely rewritten. A few chapters have heed -evised and brought
up-to-date. Appreciation for the use of any of the original
terral is expressed to the contributors it. the 1949 edition who
were Dorothy Aintwotth, Kennet!, 1). Benne, Carolyn W. Book.
waiter, Rant W. Boolyalter, David K. Dry*, Freeman Brown.



H. Harrison Clarke, Louise S. Cobb, Thomas K. Cureton, E. C.
Davis, Robert L. Ebel, Anna Espenschade, Nicholas Fattu, Esther
French, Ruth Glassow, Franklin Henry, Tack E. Hewitt, Pauline
Hodgson, Alfred W. Hubbard, Laura Hue later, Rheem F. Jarrett,
Hardin B. Jones, Peter Karpovich, Louis Keller, Ellen Davis
Kelly, Hyman Krskower, Leonard A. Larson, C. 11. Mc Cloy,
Howard V. Meredith, Walter S. Monroe, Marjorie Phillips,
Margaret S. Po ley, Elizabeth Rodgers, Helen R. Russell, M.
Gladys Scott, IL L. Smith, Ralph B. Spence, Arthur H Steinhauc,
R. H. Stetson, and Jesse F. Williams.

This Second Edition has been a project of the Research Council
of the American Association for Health, Physical Education, and
Recreation. The responsibility for each chapter rests with its
author(s). Copies of the preliminary manuscript were circulated
to the eight members of the Steering Committee, who read the ma.
terial and offered constructive criticisms. T$1e administrative re
sponsibility for handling the manuscript In its various stages was
delegated to Dr. M. Gladys Scott, who served as chairman of the
Steering Committee.

Acknowledgment is made to Dr. Elena Sliepcevich for her
services as consultant on health education materials, to Dr. Chester
W. Harris for his services as consultant on the chapter on Popula
tions and Samples, anc to Dr. Josept. Brozek for his services as
consultant on the section on Applied Physiology. Recognition is
also given to Dr. Carl A. Troester and his staff and to the Board
of Directors of the American Association for Health, Physical
Education, and Recreation for the support of the project.
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M. Gladys Scott, Chairman
Carolyn W. Bookwalter
Karl W. Bookwalter
H. Harrison Clarke
Laurence E. Morehouse
Marjorie Phillips
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Raymond A. Weiss
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CHAPTER 1

Why This Research?

ARTHUR H STIEINHAAIS

THE EMPLOYMENT OF EDUCATIONAL MATHODS TO ACHIEVE BETTER

health, greater fitness, and the fuller enjoyment of life is an art, not
a science. When this is done in the interest of humanity with res
sonable likelihood of meeting certain needs of mankind it con
stitutes the practice of a profession. Those practices which we
have come to include under 'he headings of health education,
physical education, and recreation constitute an important special.
ty or branch of education, the oldest of the professions.

OUR PLACE

In this area where education becomes interested in health it
borders most closely on another great profession, namely, the
art of the practice of medicir Li fact, on this border there some
times has been understandable but needless confusion. It is under.
standable because both professions have the same goalthe im
provtment of man's physical, mental, and stk.'sl weilbeing; and
both professions draw their factual information from the same
pools of knowledge the basic physical. biological. and social
sciences. It is, however, a needless confusion because these pro-
fessions should not differ in their ultimate goals rtor in their
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sources of knowledge, but should differ only in the practices they
employ to bring these knowledges into the service of mankind.

We in education employ the methods of education. Our col.
leagues in the medical services employ the methods of medicine.
At the risk of oversimplification may it be suggested that medicine
in common with other services to mankind, such as public health
and engineering, does things for people; whereas education,
strictly speaking, does nothing for people, but instead helps people
to do things for themselves. Consequently, the methods of educa
lion arc as different from those of medicine as are the practices
of farming or tree culture different from those of bread making
or carpentering.

Research in our fields may appropriately inzerezt itself, (a) in
basic research which aims to enlarge the pools of knowledge
common to all professions, or (b) in applied research which aims
to discover the best ways of using this knowledge in the practice
of our professional art. Sometimes the distinction between basic
and applied research is not as simple as this sounds. It is safe to
assume that most of us will do applied research.

THERMOMETERS AND THERMOSTATS
The thi.rmommer records temperature; the thermostat does

something about temperature. Every thermostat needs a good
temperature recording device. It needs also many other accurately
designed, carefully fitted parts and, in addition, some source of
power to move valves. When this power is properly released and
controlled in accord with predefined objectives of desirable tem
mature, the thermostat performs its function.

The sciences and scientists, like thermometers, observe, mew tire,
and record. The professions employ the findings of science to do
something for mankind. Always, tle professions must drAw on
many sciences for the best available facts lest they fail mankind.
In 1927 the great St. Francis Darn near Los Angeles gave way.
The commission that probed the cause of this catastrophe reported
that the perfectly tonstructed, modem concrete structure had been
built on a rock bed of mica schist in an area of geologic faults.
Any geologist could have predicted the disaster. Because the
science of geology had tot been permitted to contribute its perti
nent facts, the engineering profession's efforts at St. Francis were
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a disservice to mankind. The commission strongly urged the
inclusion of geology in the curriculums of engineering schools.

The profession of education and its specialty, physical educa-
tion, may be of far greater significance to man than is engineer.
ing; but few people realize thiswhich is fortunate for us. What
would become of us if people attributed to education all the great
disasters for which it is responsible? The list would include de-
pressions, congressional filibusters, an assortment of world wars,
and diplomatic failures at Lake Success, as well as their backyard
counterparts: ignorance, delinquency, prejudice, ill health, and
foul play. What do we lack?

If this seems but a pompous beginning for a manual on research,
let its intention be clear. The greatest danger that besets the
professional worker who engages in research is that while absorbed
in examining details, he may lose his professional perspective;
and even worse, his orientation that gives purpose and direction
to all his endeavors.

This is not to deprecate the complete mastery of detail. It is
rather to give purpose to detail. The easier airplane view will
never master the problems of the forest. Too few of us are willing
to toil the hard hours in the depths of detail which alone will pro-
duce solid foundation for a strong profession. Such constitute the
sad array of lazy, unprepared workers. A more pathetic figure,
however, is the nearsighted fusser with statistics who substitutes
mere toil for directed effort and is so engrossed in each figure
that he does not read the score.

The purpose of this manual is to encourage and assist intelli-
gent research directed toward worthy goals. Such activity will at
once advance the profession and the professional worker.

In its early beginnings a profession must draw its personnel
from related professions and its principles from related fields. In
time it will generate more and more of its own personnel and
guiding principles. This desirable evidence of growing maturity
is, however, not without danger. Confined to its own sources the
profession may stagnate. Always some of our best graduate stu-
dents should find their ways into the graduate divisions of the
natural and social sciences of our great universities, there to search
the latest findings and the crispest methods of pure research in
the older disciplines. They should go well prepared and alert to
"pick the minds" of the master workers in these fields in order to
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bring back to physical education that which is new, stimulating,
and helpful. Such students should find challenges in what this
manual leaves unsaid as well as in the bare spots of our knowl-
edge that it points out. For techniques of research they will look
elsewhere. For the larger number of our graduate students, whose
interest is rightly in applied research as a way of becoming more
intelligent and productive professional workers, this manual is
"ailor made." For those who face a research task as the final
obstacle before that higher degree and the promotion that depends
on it, this manual is a "godsend." It might direct even such un-
willing steps to usthl ends.

But let nothing he said to cause this latter group to take on
greater feelings of inferiority. Research is important; it is im-
perative; but it is not all! The majority of our most inspiring
teachers and most efficient cdministrators are miserable research-
ers. This is true also in medicine and the other professions. If
all of us were thermometers, who would operate the valves? Even
more crucial, who would say, "It's too hot here, let us reset the
thermostat"? Finally, who would dare stick out his neck to say,
"Let us create a new thermostat"? Obviously such functions are
as essential for the creation and operation of useful programs for
a city system as they are for the attainment of a suitable room
temperature.

The best thermostat, speaking for our profession, is one in
which each part is conversant with the ways of working and pur-
poses of the other, and is appropriately influenced by the special
contribution of the other. An illustration will serve to clarify this
point. All of us at sometime have had to learn the basic laws of
health and many of the games and skills that constitute sports and
recreation activities. We have also gained some understanding
of children and adults. Some of us have become expert per-
formers, some expert teachers. Others of us must supervise or
administer a diverse range of programs and rarely operate at the
performing or teaching level. Nevertheless, we are better workers
because we know that which must be taught and those who must
be taught, and we understand the tasks and the tribulations of the
teacher. Still others of us may come into a situation where we
must completely revamp a program or an entire system.
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DISCIPLE, PRACTICAL WORKER, STUDENT
In this illustration one thing is missing. How do we know that

we are teaching the right things in the right way to the right
people at the right time? In fact, how do we know anything is
right or best? People answer these questions in different ways.
Some say it is right because they themselves were taught that way.
Such people who tacitly accept the authority of a leader are
disciples. Others say it is right because it works. These are the
practical workers. Maybe these persons are right, but without
some measurement of their results they have only their own intui-
tion and perhaps t...e approval of others to guide them. Often they
tend to be dogmatic. For much of our practice this may be as far
as we can go at preser!,

Still others seek the largest base of experience by which to test
all practice. They discover what others have found and practiced;
they devise ways of examining the results of their practice by
methods that will exclude their own prejudices; they find ways
to study themselves and others as objectively as possible; they
learn to judge the degree of accuracy of their findings to know
how seriously to accept them; and when they must make decisions
that reach out beyond the facts they have been able to establish,
they employ reasoning disciplined by all the available facts. Even
then, they do not take their projected judgments or hypotheses too
seriously. They know the difference between a hunch or guess;
a good working hypothesis; a wellsupported theory, law, or doc-
trine; and an established fact. Such people are students of their
profession; their practices are scientifically based; they are im-
bued with the scientific spirit. They are all this whether their
day's work finds them leading play in the nursery, coaching a
football team, classifying pupils for intramural competition, mak-
ing an administrative decision, sitting on a community council, or
baking a cake. When such "on the job" practical searching and
experimentation is subjected to disciplined record keeping and
rigorous control of procedure, perhaps in a sample or pilot-type
situation under actual working conditions, it is often called clin-
ical or action research. Needless to say, such activity demands a
high level of research leadership lest it degenerate into a mere
proving of prejudices under the exercise of politically held
powers.
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Any person who accepts the public trust implicit in the pcsition
of a professional worker is morally bound to trua IT his practices
with the findings of our best researches and his methods of work-
ing with the recognieed habits of modern science. These he can
learn best by intelligently exploring the researches of others and
consciously practicing their methods.

THE METHODS OF RESEARCH

The methods of research, though endlessly different in their
specific application, are fundamentally simple. Essentially they
comprise four steps: observation; recording, organizing, and
tre .ing the observed data; generalization to the formulation of
a theory; and testing the new formulation with further observa-
tions.

Historical Research. Many things have happened before the re-
searcher comes on the scene. In such instances he must depend on
observations made by ethers who lived before him, and variously
recorded in personal files, letters, minutes of meetings, and other
contemporary documents of all kinds even in the memories of
friends or relatives. This is historical research. If it centers on
the life of an individual it is sometimes called biographic tesearet.
It is obviously limited by the availability of materials, and ber,ins
with their discovery. The historian has refined the methods of
discovery and validating the authenticity d his raw data, but
essentially his activity is confined to the second step in the above
list, i.e., the recording, organizing, and treating of his data, which
are the observations made by others. Often such research cover-
ing the development of concepts over a long period of time pro-
vides clues to the formulation of new generalizations, which lend
themselves to further testing. This bringing together and rework-
ing of older ideas and findings is itself a form of research some-
times called collation or integration. It is also called library re-
search and should in fact be an early step in every research
program.

Observational Research. Many phenomena such as the movement
of stars, the weather, and the behavior of out fellow human beings
are occurring contemporaneously, often in otr very midst, subject
to regular and even continuous observations. Often these phenom-
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ena are entirely outside our control. We must take them as they
come and sometimes it is a long wait. Thus, the tun's corona has
been under observation by astronomers for less than two hours
all in all. The late Professor David Todd of Amherst probably
witnessed more solar eclipses than any other scientist, yet his
number totalled only eleven and during seven of these, clouds
obstructPd his view. Phenomena such as the weather, the growth
of children, and the behavior of nations, though much more com-
monly observed, are nevertheless almost as completely outside
our control. We may count, weigh, measure, average, and chart
them. We may submit the findings to endless mathematical treat-
ment but always we must wait for the phenomena to happen.

This i3 known as observational research. It employs iuestion
naires to gather factual data, or, "opinionnaires" as some have
called them, to gather opinions, often by mail and from a great
numbe': of persons or institutions. This would be called a broad
survey. At other times, such data are gathered by visitations and
;nterviews employing interview schedules, checklists, testing, meas-
urements, or other more intensive case study ti:rocedurr..s. It is
then called analytical si:rvey. Sometimes the data cliserved
and collected :ire used in the development of scales for rating and
scoring achievement and for comparing individuals or groups.
Such normative procedures ray be called normative surveys.
At times data are subjected to other statistical procedures to de-
termine the extnnt to which two or more kinds of observations
made on an individual or a group have a tendency to be related
or found together (correlation) ; to determine the extent to which
one or several observed items may be causally related to another
and therefore usable to predict the other (causal analysis); and
finally to determine the nature, number, and relative importance
of several causes known or unknown, that together produce one
result (factor analysis).

The validness of conclusions drawn from any series of observa-
tions depends on the representativeness of the raw data. Some-
times it is possible to place all members of a group under observa-
tion. This is the nature of any census study. More commonly, for
practical reasons, this is impossible. Then it becomes important
to get a truly representative sampling. The determination of such
a sample population for study is itself a critical procedure for
which special methods are available. There are also statistical
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procedures which give an indication of the degree of certainty
that the results derived from computations based on one sample
are likely to be identical with results gained liom similar observa-
tions or, another sample (probable error).

Thus statistics in essence provides a mathematicel control over
an uncontrollable experiment being carried ous by nature. This
ingenious r se of mathematics is the quintessence of abstraction
from concrete observations. Just as whipped cream, ho matter
bow bulky its billows of foam, is never better than the cream of
which it is made; so the abstractions of statistics, no matter how
impressive they seem, are never better than the initial raw data
that went into the formulas. Many other pitfalls beset the user of
statistics, so that often such departur,- from raw data tht) terra
firms of accurate observations --cink in the quicksands of be-
muddled thinking, far below the level of sound abstraction.

aperimEntal Research. Thus far we have considered research in
which man's efforts are limited to observing phenomena when and
if they occur about him, and taking them its they coml. Fortu-
nately some phenomena can he nude to happen at the will of the
observer. Thus the chemist, by mixing the proper ingredients at
the right temperature, etc., in his teit tube, can reproduce endlessly
and rat Mill what nature may do on'.y rarely and in remote corners.
Similarly, by completely controlling the diet and other environ-
mental factors of an animal, the physiologist is able to study at
will the effect of a single vitamin or amino acid on growth. By
observing thousands of flies in scores of generations of predeter-
mined and forced matings, the geneticist establishes the laws that
govern the mixing and resorting of the genes that determine what
we inherit. This management of the sweral components which
together cause or determine a phenomenon under observation is
the mark of the controlled experiment in experimental research.
It is the latest accomplishment of science. Though best developed
in physics and chemistry, it has also been profitably employed in
the biological field beginning with Harvey in 1628.

Not all phenomena are subject to study by all three of these
methods, i.e., the historical, observational, and experimental. Nor
is this necessary in order to have an accurate science. For ex-
ample, astronomy, one of the most accurate sciences, will never
become an experimental science In the complete sense of the term
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as here used until solar eclipses can be produced at will. Psychol-
ogy has only recently entered the experimental field. It is most
doubtful if the social sciences will ever become truly experimental
in the sense of the controlled experiment. This is no reflection
on social scientists; it is a comment on the extreme complexity
and uncontrollability of all but the simplest social phenomena.

PREDICTABILITY THE REAL MEASURE
The real measure of a science is its ability to predict. Predict.

ability is based on the assumption that ours is a world of "law
and order." This is the fundamental belief of scientists anti is
inspired by a faith in the inescapable relation between cause and
effect. These may be called doctrines, or better, the charter or
sine qua non. of science. Without them there would be no science,
and research would be an organized wild goose chase.

This needs illustration. Aristotle said, "Jupiter rains not to
grow corn but of necessity." Even Jupiter cannot help it. Once
all the preliminary causes and sequences have transpired he must
rain. Today we explain the cause of rain in terms of sudden
cooling of warm moist air. Cooling is due to wind currents moving
cold air inm warm air or warm air into a cold spot. Wind is
caused by the unequal expansion of gases under the influence of
sun, etc. When the proper co bination of conditions prevails the
water vapor condenses (perhaps around tiny particles of dust
whcse presence is also accountable) and it rains. It can't help
itself. Man has learned to observe many of these preliminary
steps. His hundreds of meteorological stations make and record
thousands of observations. His high an low pressure maps chart
these findings into a composite picture of the atmosphere's be-

If man is sensitive to a sufficiently complete number of
factors and if he has the skill, acquired from previous experience,
to interpret their interactions accurately, he predicts the weather.

In astronomy, where measurements have reached greater per-
fection, man is able with split-second precision to predict solar
eclipses, the time of sunrise, and the time schedule of the evening
star. Man has not yet learned to change the weather very much
and probably never will be able to hurry an eclipse. But if he
were able to change them, it would be man the engineer, not man
the scientist, who did it. The final test of science is not its ability
to change phenomena, but its ability to predict themnot to con-
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trot the universe, but to know it. Such knowledge may then be
used by man to serve his ei.is. If he cannot change this world,
he may change himself like Mark Twain's Yankee in King Arthur's
Court who saves his life by awing angry savages into worshiping
him when he "invokes" a solar eclipse at the psychologic moment
which he himself created, after consulting his almanac and wrist
watch.

Ofttimes we are convinced of pred:Ptability even though we are
unable to predict, In this sense, predictability expresses a faith
which authorizes the expenditure of research energies to uncover
relationships that may guide professional practices short of com-
plete predictability. Imagine, for example, a raindrop several
hundred feet above the earth's surface. Can you predict the spot
on which it will landlet us, say to within an inch? You may say,
"No, and no one cares." But let us see. Do you agree that its
course is determined by gravity and many other more variable
factors, and that if you knew the strength of every gust of wind,
its exact direction and its duration, if you knew how the drop
was deformed and therefore the resistance it would offer to the
next gust from another direction, and so on and on, will you agree
that if you could take the time and had the facilities for measuring
all this, then you could predict where it would land? If so, then
you agree that the raindrop's course is predictable and research-
able whether or not anyone will ever predict exactly where any
one drop will land.

Concerning the effects of sports on the body of man, we have at
present sufficient data and fairly defined principles to permit some
prediction. Concerning the effects of sports on the mind and spirit
of man, we have beliefs and convictions but few facts. We are
here in the predicament of the raindrop analogy. There are effects,
and there is rhyme and reason about them which justifies the
assumption of predictability. Our difficulty stems from the fact
that we do not as yet have sufficiently adequate devices for observ-
ing and measuring changes in all areas; and where we can measure
we are confronted by a terrifically complex array of possible
causes. To illustrate: It is easy to determine whether a season of
football or weight lifting under specified conditions has resulted
in increased body weight or caused muscles to grow. It is possible
to predict that the increase in muscle size will be roughly propor-
tional to the intensity of work, i.e., the amount of work done in a
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unit of time. Further, we know that this will be true, though in
varying degree, depending on body type, of all healthy persons
so engaged. This begins to sound scier.tific. In contrast, who is
able to predict just what interracial attitudes, what standards of
honesty, or what appreciation of infinite values will develop in
consequence of a season of sport? Even though most of us are
convinced that such changes do occur, who knows their direct
causes? Is it the smile of a competitor, the odor of his perspira
Lion, or his dogged perseverance that turns the trick? And does it
turn the trick in the same direction for each participantor for
each spectator? Obviously, in these areas we cannot predict even
though we are convinced of the existence of the kind of law and
order that permits the assumption of predictability. It is our
inability to comprehend and measure all of the multitudinous
variants which here act and interact, in different combinations for
each person, that has to date delayed the research necessary to
gain scientific mastery.

Also in these areas it is not man the scientist who will bring
about change in body size, contour, skill, or personality of people;
but man the teacher, coach, or counselor who, using the best avail.
able facts from research and tested experience, will work with
people to produce changes. The skills, interests, temperament,
and even motivations demanded of the discoverer of facts and
those demanded of the user of facts are far from alike. This prob-
ably explains why the best research scientist may not be a good
teacher; and conversely, why many a topnotch teacher is poor at
research. A sincere respect for truth and the highest level of in-
tegrity, however, must be qualities common to both.

FACTS AND THEORIES

Research is the scientific method for finding answers to ques
tions. When we are insufficiently informed we often find it coo.
venient to formulate tentative answers based on the available
facts. Such tentative answers or generalizations are called hunches,
guesses, hypotheses, theories, laws, or principles depending on
how sure we are of them. They are important tools of thought
because they help to place the known facts in proper reistion to
each other, show up the limitations of available facts, and most
important they provide something to test or shoot at, the doing of
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which may uncover further facts, and thus hasten the finding of
the true answer to the question.

A homely illustration will serve to clarify the interrelation of
facts and theory and the special importance of each. Let us say
that for some reason it is imperative that you know the where-
abouts of Mr. Brown. Your question is: Where is Mr. Brown?
From the observations and recordings made by others before you,
you are in possession of Mr. Brown's street address and a city
guide containing a city map, a register of streets, and street car
directions. Library research in the telephone directory discloses
that Mr. Brown has no listed telephone; consequently, you use the
available records to find your way to his home. You knock on
the front door which you observe stands ajar. There is no reply.
You push the door open and look around the hall. Though the
night is cold, you see Mr. Brown's coat on the hall treethe hat
is missing. Through another door you see the dining room table
covered with dishes. Closer examination discloses warm coffee in
the cups and plates but half emptied. The chairs are pushed back,
one is lying on its side. These are all facts. You say to yourself,
"Mr. Brown left the house in a hurry." That is your first general.
ization or guess concerning the whereabouts of Mr. Brown. You
look around and your glance falls on another door half open lead-
ing into a bedroom. On the bed, you see a woman apparently
unconscious. She groans. Now you theorize: "Aha, Mr. Brown
went to the theater"do you? Perhaps you will want to assure
yourself that the unconscious woman is Mrs. Brown before you
dwidebut very likely you will conclude that taking all the facts
so far gathered into account, the best guess concerning the where-
abouts of Mr. Brown is that he has hurried out to get a doctor.
That is your theory. But it is only a theory, no matter how plau-
sible it sounds; and it must remain a theory until it is verified.
True, it may be a fact. The point is you don't know whether or not
it is a fact.

There are now two courses open to you in your search for Mr.
Brown. You may decide to sit down and wait for his return; or
you may adopt your guess as a working theory and start out for
the nearest doctor's office. You are energetic and a little impatient
and therefore start out in uech of the nearest drug store. Here
you inquire concerning doctors' offices, Mr. Brown, Mr. Brown's
doctor, etc. You are told that the doctor upstairs is on a hunting
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trip so you start for the one who is said to live a block down the
street. Before reaching the next corner you run into Mr. Brown
who is carrying a prescription slip and in a moment of conversa-
tion your theory is confirmed. Further, your theory has helped
you find Mr. Brown several minutes before you would have found
him had you waited at his home. But let us say that you had not
met Mr. Brown but instead you had run into a crowd of people
just dispersing and the police patrol wagon starting away from
the scene. The crowd is talking about a drunk Mr. Brown who
had got into a fight. Their description of Mr. Brown tallies with
that of your friend. Here are new facts. You cannot now go on
unquestioningly holding your theory that Mr. Brown has gone to
fetch a doctor. In your confusion you bump into a mutual friend
who definitely settles the identity of this Mr. Brown as the one
you are looking for. Should you now continue to claim that Mr.
Brown went to a doctor's office, the world would call you a fool
and say that you lacked judgment. Someone might say you were
unscientific.

Actually, you are failing to consider all of the available facts
in the formulation of your theory. You have a closed mind. You
are a standpatter refusing to adjust to more recently established
facts. This is even worse than had you jumped to the conclusion
that Mr. Brown had gone to the theater when you first entered his
home! The theory as well as the facts has its place. Without a
theory one merely sits and waits. The skill exhibited in develop-
ing a theory is called judgment. We must not minimize the impor-
tance of the theory. On the other hand we must not be fooled into
confusing a theory with facts. Someone has said the facts repre
sent the maps, charts, and logs of our journey. Theory is the com-
pass which guides us in the seeking of further facts. Together
they guide us over the high seas of human experience to our
destination.

Now let us ask another question: How is muscular strength
developed? Although it sounds almost as simple as "Where is
Mr. Brown?" there is much more to it. Even after ruling out the
diverting questions usually raised"What do you mean by
strength?" and "Why is strength necessary?"more pertinent
ones remain:

1. How can strength be measured in animals and man?
2. How is strength related to muscle size?
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3. What happens in a muscle when it becomes larger and stronger?
4. What kinds of exercise will most rapidly develop muscular

strength?
5. Is there a limit to the amount of strength that can be developed

in a person?
6. If so, what factors determine the limit?
7. Are differences in the ability to develop strength related to

constitutional type?
8. Are the commonly observed sexual differences in strength bio

logically or socially conditioned, or both?
9. Given two people with the same size of muscle why can one

generate more strength than the other?
10. Why is a person often able to exert much more strength under

hypnosis and in acute emergencies than ordinarily?
11. What series of tests will give the best picture of a person's

over..ill strength?
12. To what extent can a person's success in different sports or

playing positions be predicted from measures of strength?
13. What strength criteria shall be used in the selection of military

personnel for various responsibilities?
14. How much strength shall be required in the training of soldiers?
15, Is there correlation between physical strength and

(a) resistance to disease?
(b) mental health?
(c) personality adjustment?

16. Is strength more readily developed in the young or in the
mature organism?

17. Does strength developed in childhood persist throughout life?
18. How long does it last?

Anyone can think up many more questions and subquestions,
each of which may be as large or larger than "Where is Mr.
Brown?" in going through this list the reader may have found
himself formulating answers to each question. Whether these
answers were guesses, wellsubstantiated principles, or rank false-
hoods based on superstition depends only in part on the prepara-
tion of the reader. Some of the questions even in this relatively
simple field are completely unanswerable in today's state of
knowledge, and the rest are answerable with greatly varying de-
grees of certainty.

Thus, questions I to 4 can be answered with reasonable cer-
tainty because of observations made under controlled, experi.
mental conditions in physiological and histological laboratories.
Answers for 2 and 4 are in addition anticipated by historical re-
search and supported by clinical research.
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Answers for 5 and 6 are broad generalizations based on his.
tologic observations of the limits of hypertrophy, the diffusion
rate of oxygen, and the inability of highly differentiated muscle
fibers to multiply.

Answers for 7 and 8 are based on statistical treatment of din.
ical observations with some verification for 8 from controlled
experimentation.

Answers for 9 and 10 are at the stage of working hypotheses or
mere guesses based on observations made in psychologic labora
tories and psychiatric clinics.

Answers for 11 to 14 are based on extensive observation under
clinical conditions that have been treated statistically to determine
which scores correlate with success. This is likely to culminate in
a series of correlation indices, which are really theories or work.
ing hypotheses, of how important strength is to this or that. Un
fortunately research too often stops here, without testing its
theories. Only rarely does one find a study that tests its claimed
ability to predict, for example, a man's time in the 440.yard run
from certain measurements, by subsequently determining how
closely other runners' actual times compare with the times pre.
dieted for them from various measurements and test scores. That
the development of strength in the training camp will help ensure
a soldier's success partakes of the nature of predictability in the
same sense as does the path of a falling raindrop cited in an
earlier analogy, and is obviously even more difficult to prove by
actual ;prediction.

The answer for 15a is based on widely accepted generalities or
principles from related professions, but inadequately tested by
controlled experiment. Answers for 15b and 15c are, at best,
good hunches based on isolated clinical observations.

Number 16 is answered only with moderate certainty from
experimental observations on animals, insufficiently corroborated
on man.

Numbers 17 and 18 can be answered with reasonable certainty
from controlled studies on animals and from careful observations
on man made in laboratories, gymnasiums, and hospitals.

From the hundreds of studies that contribute in one way or
another to the answering of the above questions, three broad
principles or laws have emerged. These may be designated the
overload principle; hypertrophy of use and atrophy of disuse, or
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the principle of reversibility; and the principle of individual and
sex differences. Such principles guide the formulation of a phi-
losophy of physical education that is scientifically grounded when
it advocates some segregated activities for older boys and girls,
strenuous programs for the development of strength, the necessity
of continuing an exercise program throughout life, negation of
absciute standards of strength in favor of standards related to in.
dividual type and adapted to the everyday requirements of life,
and a high degree of expectancy of prompt results from a care
fully planned program of strength building.

ittMAINING TASKS
The history of research in any field has some similarities to

picking apples. The early pickers can get fruit without reaching
very high. Because the lower branches are now bare some may
think there is nothing left to pick. The facts are otherwise in our
field. There remain more problems unsolved than any of us can
imagine. True, some are on rather inaccetaible branches. It may
help to mention just a few.

At what stage in the development of an individual do muscle
calls cease to multiply? Does exercise in any way modify the
timing of this? Does the fact that all body proteins in man are
renewed at least once in 160 days have any significance for train.
ing programs or trait ing diets? Does a strenuous training pro.
gram shorten this "turn over" period? Do any of the metabolites
of exercise modify the colloid states of cell protoplasm in a way
that might give basis for prolonging the general flexibility of
youth? In what ways do exercise and the endocrine glands inter.
act? Are there any observable changes in the composition of blood
constituents in consequence of a period of recreational activity?
Are there any objective measures of the amount of inner tension
in a person that might be used to observe the progress of recovery
from so-called "nervous states," and thus be used to justify recre
ational activities? What objective evidence, if any, can be found
to throw light on the good or bad effects of highly emotionalised
competition on the femalt organism? Is this in any way different
from its effect on the male? What is the relationship, if any,
between mechanical and chemical stresses exerted on muscles.
cartilage, and ligaments in youth and the incidence of fibrositis,
arthritis, and related conditions in later life? Is there an vela.
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tionship between swimmers' cramps and the recency of aliments.
tion, or blood sugar, or temperature, or state of fatigue? What
effect does "drying out" to lose weight have on vital body func
tions. What habits of living such as diet, exercise, and emotional
disturbance modify the clotting time of blood, modify other blood
ingredients that may predispose to vascular diseases? What
changes discernible by mental testing programs follow punishment
inflicted to the head as in boxing? What effects of boxing may
be revealed through intensive case studies of individual boxers?
How do the vitamin and protein needs in strenuous training differ
from those of usual living?

Even such a list as this is in no sense more than indicative of
the vastness of the field for research. Obviously, some of the
answers must first be sought in animal experiments. To the stu
dent who is thoroughly trained in biology and experimental pay.
chology, experimentation on lower animals makes sense even
though he does not Issume that all findings are entirely applicable
to man. The person who denies the validity of animal experi
mentation reveals a shallow understanding of the fundamental
unity of living matter and the attendant implications for expert
mentation.

This list also points to the necessity for working more closely
together with scholars in the fundamental sciences.

WHY THIS SISEARCHP
"Why This Research?" is answered in the analogy of wood.

chopping. Wocdchopping produces both useful wood and a better
woodchopper. Research must give to our fields the building
materials of nocurate facts and principles with which to construct
sound practice and wise philosophy. It must supply ideas to
kindle enthusiasm in our professional ranks and, in the public
mind, a warm reception for our programs.

Research must also create for us a professional personnel that
Is expert In its attack on new problems, keenly alert to new oppor
hankies, wisely guided in the efficient application of its energies,
and disciplined with a fine humility that is fathered by confidence
in one's power and mothered by an appreciation of one's limits.
tions.
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THE RESEARCHER HIMSELF

In the last analysis no work is better than the worker and the
quality of research depends entirely on the knowledge, wisdom,
and personal integrity of the investigator.

If you are well informed of advances in your field, and yet endowed
with a curiosity that breeds dissatisfaction with the present state of
this knowledge,

If you can ask sigr.ificant questions and also formulate crucial
methods for discovering honest answers,

If you have imagination to conceive a dozen hunches, and at once
the industry to explore each until disciplined wisdom points the
one of choice,

If you can concentrate on an issue, and yet be alert to happenings
on the periphery,

If you stick tenaciously to the rightness of your best hunch, yet
possess the objectivity to treat it with detachment as though it were
another's and stand ready to give it up when it becomes untenable,

If enthusiasm and industry drive you to collect much data and you
record with equal respect that which supports and that which negates
your theory,

If you are possessed of a fantastic memory for facts yet are willing
to record them systematically as though you could not trust your
memory,

If your mind works with speed and accuracy, and yet you double
check your cakulations,

If you are justly proud of your theory, yet humble enough to be led
by facts,

If you are "hell.bent" on proving your theory, and yet satisfied that
disproving it is just as great a contribution to knowledge,

If you hare the courage to persist in the face of disagreement, and
at once the patience to listen to the opposition,

If you are endowed with energy for long hours of searching and have
enough left to organize, tabulate, analyze, and publish your findings,

If your mind is capable of holding the profoundest ideas and you
hare the understanding and restraint to express them in simple
words given though you also know the big words,

If you ate eager to forge a reputation for yourself, and at once
willing to acknowledge generously your Indebtedness to the labors
of others,
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If you are really capable of research, and your activity persists
beyond your doctorate to the time when you most yourself supply
both the time and motivation,

If to all of the above you can give honest affirmation, you are better
than most of your contemporaries and predecessors but you are none
too good for service to health, physical education, and recreation.

Let no reader of this book be unduly impressed. Thuugh it is
written by many of today's beat minds in our fields, the writers
will be the first to admit shortcomings. He would be a poor reader
who could find no flaws in these pages. Such discovery will net
discourage the authors, but will be welcomed by them as the mak
of an intelligent rising generation. But if such r. generation will
not be capable in time to produce a much better successor to this
volume, we of the present generation have cause to mourn. For
where, more than on the research front, must there be progress!
And how can there be progress if students do not excel their
teachers---each generation standing on the shoulders of its prede-
cessors, thus fulfilling the aspirations of the generation that begat
it.



CHAPTER 2

Library Techniques

CAROLYN W. ROOKWALTER

KARL W. tc.oxWALTER

THERE IS AN UNDESIRABLE TENDENCY FOR THE NAIVE OR LESS

scholarly student to make his problem outline, or even to collect
his data, without first getting an adequate background of the litera
ture available. This usually causes either an unsatisfactory study
or difficult and drastic revisions of the written report. Hence, be
fore a person develops a plan for a research problem, he needs to
know how the other research in the same area has been done. Not
only does he need to know whet has been done and how it has been
done in the subject area, but he also needs to know the degree of
success that was found in the t e,: of the research techniques or
methods. The more a person knows about research that has been
done and the more he is aware of the gaps and weaknesses of past
research, the more apt he is to plan his own research problem well.

Background reading for a research problem should be tom
()bled be /ore the final plans for the research problem are made.
The researcher will thereby benefit from the ideas and knowledge
derived from his readings relative to aspects of the problem: ways
to select subjects; forms to record and present data; ways to
collect, classify, and analyze data; graphic presentation of data;
and the form for the writing of the report.
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Knowledge of how to locate sources of literature is one basis
for high quality scholarship. It saves a person time and effort
which could be spent on reading. Knowledge of the sources avail-
able in the library should be obtained early in the student's college
and university career. He should be constantly alert to additions
and changes in the library. Librarians are always glad to help
students, but they do not have the time to search for possible
specific sources in the literature. This work must be done by the
student.

Knowledge of the literature in the field and critical insight into
the research in the student's major field of interest is considered
evidence of high scholarship. Candidates for higher degrees may
not have the experience &nd background to critically analyze re-
search, but they should work toward that end. Evidence for the
principles and methods to be used in new attacks on a research
problem will be found in research studies. Students will benefit
from time spent in reflective thinking on the readings found in
the literature. Reading alone is not enough. The student must
become alert to seeing the agreements, differences, and relation.
ships found within and between the sources in the literature. He
is then well on the way to becoming a scholar.

PLANNING LIBRARY RESEARCH
Taking time to plan library research will save much time and

effort. Time will be saved in the searching and reading processes.
The form for entries in the working bibliography should Le set up.
Suggestions for bibliographical form are given in the last chapter
of this book, "Writing the Research Report." The working bibli
ography is that bibliography which includes all possible sources
pertinent to the problem. Criteria for a good working bibliography
are accuracy, completeness, consistency, and pertinence to the
problem.

The working bibliographic card or form for books should in.
etude the library call number, the author's last name followed by
his first and middle names, the title of the book, the city in which
the publisher's editorial offices are located, the publisher, the
copyright date for a book, and the total pages in the book. The
working bibliographic card for ariklei should include the author's
last name followed by his first and middle names, the title of the
article, the name of the periodical in which the article is found,
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the volume number, the issue timber, the month and year of
publication, and the page numbers for the article.

It may be desirable to have two sets of cards of different colors
one for, books and one for articles. It may also be desirable to
have cards of different colors for the major aspects of the research
problem. Or, index cards for major and minor subdivisions might
be simpler.

After the form for the working bibliography has been tentatively
set up. it is advisable to fill out some cards with several available
items, soirees of books, articles, and monographs and then see
whether the cards can be classified easily, whether all of the
necessary information is on the card, and whether there are
sufficient spaces for writing the information needed. Suggestions
for forms for bibliographic cards are found in low To Locale
Educational Information and Data by Alexander and Burke (I).
Consideration should be given to allowing space on the form for
annotations about the value of the sources when reading abstracts
of studies or when scanning the sources.

Plans should also be made as to how to take notes when doing
the critical reading of sources. An index card box is usually
desirable. Notes may be taken on cards, on sheets of paper, or in
notebooks. Cards are easier to handle for sorting and reclassifying
the notes. Students are cautioned to write on one side of the card,
if the cards are to be sorted and classified. If the researcher is
sure the bibliography he is using is complete and will not be
changed after being put in alphabetical order, the note cards may
be numbered to coincide with the number of the alphabetized
bibliographical reference. However, most researchers find that
they need to change the order of the bibliography, and this chang-
ing of the order of a numbered bibliography and the numbered
reference notes can become a source of inaccuracy in writing the
report. Therefore, a coding scheme for identifying the note card
with the correct bibliographical card should be worked out to in.
sure accuracy in the written report. Plans should be made for
identifying the kind of notesquotation, narrative form, and the
notetaker's comments or reactions to the material.

This material might be considered as the fact type, the statistical
type, the historical type, the how-to-do type, the trends type, or
the supportingevidence type. The researcher may want a combina
tion of these types.
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SCOUTING OR SEARCHING
To locate material in the library, the researcher must first know

whether needed sources exist. He may go to a number of general
sources to find out whether a specific source exists. The accompany.
ing list will help in determining whether a source exists. Once a
source is known to exist, then the researcher is faced with the
problem of locating the source in a library or in some other loca-
tion. He should not limit his library research to the sources found
in his institution's library. He should cover the area as thoroughly
as possible, if a scholarly piece of work is to be done.

00 THEY EXIST?

Articles
Bulletin Public /train Information

Service
Business Education Index
Business Periodical Index
Current List of Medical Literature
Dame Index
Tdueation /ads*
Faculty members and authorities
Indexes of 'cum Is In special fields not

listed In general Indexes
International Index to Periodical Lit.

mints
Index to Legal Periodicals and Law

Library Journal
4ssic Index
New York Times Index
Nineteenth Century Reader's Guide
Ohio State Periodical Index
Psychologkal Index
Quarterly Cumulative Index Medicos
Ruder% Guide to Periodical Literatere
Research Quarterly Ten-Year lederet

(1930-39, 1940-49)
Subject Index to Periodicals

RibliegrepAies

Bibliography Index
Bibliographies aid Summaries In &N-

ation
Bibliography of Selected Statistical

Sources of the Americas Nations
Completed Research in Health, Physi

cal Education and Recreation (AAH
PER)annually, beginning in 19:9

Istersational Bibliography of Historical
Sciences

Personnel Bibliography Islet
Research Completed ski Research Use

derway in Health, Physical Educa-
tion, and Recreation (AAHPERout
of prin.)
Annual Bibliographies of Completed
Research in Health, Physical Ed 2e.s
tion. and Recreation (AAIIPER)
10453 (out e print), 1957, 1Cfs

Research Relating to Children (U. S.
Department of Health, Education, and
Welfare, Clearinghouse for Research
In Child Life)

Research Studies in Education (Phi
Delta Kappa)

Venial File Service
Boob

Biography Index
Cumulative Book Index
Doctoral Dissertations Accepted by

American Universities
Faculty torultn and authorities
Library of Congress Catalogue
Microcard Bulletin
National Education Association Hand-

book, for Local, State, and National
Associations

National Union Catalogue
Oft-spikes] Index
Publisher's Weekly
State Law Index
Subject Mrs to Referesee Books
Technical Book Review Index
U. S. Coversaest Printing Ms Cat.

*lord*
Peas nod Suristies

Articled Facts
Biennial Surrey is frlocstios
Brief Facts
Bodies. Sistinft
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Economic Almanac
Facts on File
Famous First Facts
Information Please
Schoolmates Almanac
Statesmen's Yearbook
Statistical Abstracts of tho United

States
The World Almanac and Book of

Facts

Reviews aid abstracts

Annual Review of !.fedicine
Biological Abstracts
Book Review Digest
Realness Education lodes
Child Development Abstr

Biblkpaphies
Cyclopedia of Education
Dictionary of Sports
Dissenadoo Abstracts
Eacyflopedia Americana
Encyclopeclh of American Facts and

Dotes
Encyclopedia Britannka
Encyclopedia of Educational Research

kiSIAICH minims

Encyclopedia of Modern Education
Encyclopedia of Sports
Encyclopedia of Social Sciences
Encyclopedia of Vocational Guidance
Historical Abstracts
Medical Science Abstracts
Ment1 Measurements Yearbook
Microfilm Abstracts
National Society for the Study of Edu

cation Yearbooks
Nutrition Abstracts and Review
Philosophical Review
Physiological Reviews
Pstchologic.J Abstracts
Public Health Engineerieg !thstrocts
Review of Data on Re sent.' and Re.

search Development Recviews
Review of Economic Studies
Review of Education Research
Review of Social and Econoussc Re.

search, Huitb Information Founds.
dons

School Review
Social Science Abstracts
Wistu Institute of anatomy and

Biology ;tbatraeu
Yearbook of Education

ARE THEY IN THE LIBRARY?

Card Catalogues -- Author, Subject Reference Librarian
Library Departmental Catalogues (Circa. Libraries of Faculty Members or Author -

laden, Documents, Periodicals, Refer. ides in the Field
ease, Reserve) Special Collections

INDEXES

General indexes such as Education Index and Reader's Guide to
Periodical Literature index only those periodicals listed at the
front of the volume of the index. For instance, the Journal of
Ilealthhysical EducationRecreation is listed in Education Index
but The Physical Educator is not presently listed. It is wise to
check the indexes of those periodicals which are not listed in the
gtneral indexes for possible ankles related to the problem under.
taken.

Education Index is a comprehensive author and subject guide to
educational literature from all significant American sources and a
few British sources since January 1, 1929. Over 150 educational
periodicals and yearbooks are indexed. 'Those periodicals perti
neat to the fields of health, physical education, and recreation
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which are listed in Education Index are marked with an "E" in the
list of periodicals below. All educational books published in the
United States (including college textbooks but not elementary and
secondary school textbooks) are indexed in this source. Practi-
cally all of the publications of the United States Department of
Health, Education, and Wflfare and of the National Education
Association are included. Monthly supplements are issued from
September through Ma). Clothbound, three-year cumulative vol.
umes were issued [.gym 1929 to 1953. Beginning in 1954, each
evenumbered year has a one-year cumulation, with two-year
cumulations being issued on odd - numbered years.

For coverage before 1929, the researcher will have to go to
sources such as international Index to Periodical Literature, the
Ohio File, and the Record of Current Educational Publications for
the years 1920-28. For the years 1912.19, tile coverage of sources
will be found in Reader's Guide Supplement, as well as m the
Record of Current Educational Publications and the International
Index to Periodical Literature. For the years 1907.11, one may
find sources in Reader's Guide and Reader's Guide Supplement.
Before 1907, coverage may be found in Reader's Guide, Annual
Library Index, Poole's Index to Periodical Literature, and Nine.
teenth Century Reader's Guide to Periodical Literature.

Reader's Guide to Periodical Luerature is an author and subject
index of articles of popular and general nature from over 130
magazines. It rarely duplicates the indexing in the Education
Index. It has been published since 1900. Before 1929, it covered
many journals in the field of education which were transferred to
Education Index in 1929. For a coverage of articles before 1900,
the researcher would have to go to Poole's Index to Periodical
Literature and Nineteenth Century Reader's Guide to Periodical
Literature. Reader's Guide, published semi-monthly from Septem-
bet to June and monthly in July and August, is bound in a cumu-
lative annual index. Those periodicals pertinent to health, physical
education, and recreation which are indexed in the Reader's Guide
are marked with an "II" in the list of periodicals below.

Bibliographic Index is a source of bibliographies, including
mimeographed and multilithed bibliographies in a wide range of
subjects. It was first published in 1938. It is published quarterly
and is bound as a cumulative annual index and a four-year index.
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Bibliography Index was started in 1946. About 1500 periodicals
are examined regularly for bibliographical material and indexed.
The index is published in Novemtier, February, May, and August
and is bound as a cumulative index annually.

Book Review Digest contains about 4000 book reviews yearly.
The book reviews are listed by author and the cumulative subject
and title indexes are alphabetically arranged in the back of each
bound volume. Both favorable and unfavorable reviews are given.
It was first published in 1905 and is now published monthly except
in July. There are six month, yearly, and five-year cumulative
indexes.

Business Periodical Index is a source for about 120 periodicals
in the fields of accounting, advertising, banking and finances,
general business insurance, labor and management, marketing
and purchasing, office management, public administration, taxa
tion, specific businesses, industries, and trades. It was started
in January 1958 and is published monthly.

Cumulative Book Index was started in 1898 as the U. S. Cat.
alogue. It indexes books published throughout the world in the
English language. It is indexed by author, editor, subject, and
translator. Included in the information provided are the publisher,
price, date of publication, paging, size, edition, and Library of
Congress order number. It appears annually as well as monthly.

Current List of Medical Literature was begun in 1941 as a
monthly and cumulative index. Since 1945 it has been published
weekly, with a monthly subject index and an annual cumulative
index. About 1200 medical journals are indexed by subject. It is
published by the Army Medical Library.

Filmstrip Guide is published 1.erniannually. Lists of 35nun
filmstrips are indexed by title and subject an I classified by the
Dewey Decimal System. Annual supplements also index 16mm
films. There is an annual cumulative index.

International Index to Periodical Literature contains an index
of about 250 periodicals related to pure science and the humanities.
Frum 1920.28, technical and specialized articles in education were
indexed, but in 1929 these were transferred to Education Index.
The International Index was started in 1920 and is published
monthly. There are cumulative quarterly and three.yeat indexes.
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Index to The Times (London) was started in 1946. From 1946
to 1951, it was published quarterly. Since that time, it has been
published every two months.

Library of Congress Catalogue of Motion Pictures and Film-
strips is published annually. It is indexed by subject.

The New York Times Index is a source of news . ems listed by
subject. The date, page, and column in which the material is found
in The New York Times is given. The index appears annually.

Psychological Index is the only large comprehensive guide to
psychological literature for the years 1894 to 1935. Books and
periodicals in all languages are indexed. Publication ceased in
1935.

Quarterly Cumulative Index Medicus has been in existence since
1927. It covers about 1200 periodicals, including foreign ones.
It has an author and a subject index of writings in medicine and
related sciences. It is published semi-annually, each index appear.
ing about two years after the publication of the periodicals.

Reference Catalogue to Current Literature is a reference index
of books printed in. the British Empire. The books are indexed by
author and by title. Details given' ire' author, title, editor, trans.
lator, reviser year of publication, number of editions, size, series
and binding, number of pages, and illustrations and illustrator.
It is published annually.

Subject Index to Periodicals is published quarterly in Great
Britain. About 300 periodicals are indexed. There is an annual
cumulative index.

In addition to the indexes and general reference materials listed
and/or described above, there are some rather specific sources
which will aid the researcher in locating other sources.
Specific Sources
AMECK, GEORGE B. "Bibliographies." American Physical Education Review, March

10, 1910June 1929; Research Quarterly, December issue, 193041.
AMERICAN ACADEMY OF Pgystcm. EDUCATION. Professional Contributions, Nos. 1.6.

Washington, D. C.: the American Association for Health, Physical Education, and
Recreation, a department of the National Education Association, November 1951-
58.

AMERICAN ASSOCIATION FOR HEALTH, PHYSICAL EDUCATION, and RECREATION. Annual
Bibliography of 'Completed Research. No. 1, 1956; No. 2, 1957; No. 9, 1958.
Washington, D. C.: the Association, a department of the National Education
Association.

AMERICAN HISTORICAL ASSOCIATION. at of Doctoral Dissertations in History Now in
Progress at Universities in the United States. Washington, D. C.: the Association,
Library of Congress Annex, 1958, 64 p. (Revised every three years).
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AMERICAN JOURNAL Or SOCIOLOGY. "A Doctoral Dissertation in Sociology, 1952."
American Journal of Sociology 59: 76.85; July 1953.

BROWN, STANLEY B.; LYDA, MARY LOUISE; and GOOD, CARTER V. Research Studies
in Education, A Subject Index. Bloomington, Ind.: Phi Delta Kappa, Annual
Supplement.

BURCHFIELD, LAVERNE. Student's Guide to Materials in Political Science. New York:
Henry Holt and Co., 1935. 426 p.

BURKE, A. J., and ALEXANDER, CARTER. "Guide to the Literature on Public School
Administration." Elementary School Journal 37: 764.78; 1937,

CONLEY, 'WILLIAM II., and BERTALEN, FRANK J. Significant Literature of the httior
College, 1941.1948. Washington, D. C.: American Association of Junior Colleges,
1949. 40 p.

CONARD, RICHARD, "Systematic Analysts of Current Researches in the Sociology of
Education." American Sociological Review 17: 350-55; June 1952.

Cook, W. H. "A Guide to the Literature on Negro Education." Teachers College
Record 34: 671.77; M'y 1933.

COOPER, ISABELLA M. Bibliography on Education Broadcasting. Chicago: University
of Chicago Press, 1942. 576 p.

COULTER, EDITH M., and GERSTENFELD, MELANIE. Historical Bibliographies. Berkeley:
University of California Press, 1935. 206 p.

Com" T. K. Masters' Theses in Health, Physical Education, and Recreation.
Washington, D. C.: An rican Association tot Health, Physical Education, and
Recreation, a department of the National Education Association, 1952. 292 p.

DECK, A. E. "A Guide to the Literature of the Curriculum." Teachers College Record
35: 407.14; February 1934.

DOMAS, Sistok J., and TIEDEMAN, DAVID V. "TP.er Competence: An Annotated
Bibliography." Journal of Experimental Ed.. ion 19: 101218; December 1950.

FRAZIUS, B. W. Education of Teachers, 1935.1941. Office of Education, Federal Secur
fty Agency, Bulletin 1941, No. 2. Washirgton, D. C.: Superintendent of Docu-
ments, Government Printing Office, 1941. 60 p.

GEORGE PEABODY COLLEGE FOR Twines. A Survey of Surkeys. Nashville, Tenn.: the
College, Division of Surveys and Field Servk 1952. 52 p.

GOHEEN, HOWARD W., and KAVRUCK, SAMUEL. Selected Reference on Test Con-
struction, Mental Test Theory, and Statistics. Washington, D. C.: Superintendent
of Documents, Government Printing Office, 1950. 209 p.

Coon, CARTER, and others. "Summary of Studies Relating to Exceptional Children."
Journal of Exceptional Children. Extra issue. January 1938. 60 p.

Goortutiouctr, FLORENCE L. "Bibliography in Child Development 1931-1943." Psy-
chological Bulletin 41: 61533; November 1944.

KAPLAN, Louts. Research Materials in Social Sciences. Madison: University of Wis.
consin Press, 1939. 36 p.

Lastxk, T. A., and SILVEY, HERBERT M. Masters' Theses in Education, 1951-52. Cedar
Falls, Iowa: Research Publications, 1953. 168 p.

Latrrox, Eubarrn N. Surveys of Higher Education in the United States, 1937.1949.
U. S. Office of Education, Federal Security Agency. Washington, D. C.: Superin-
tendent of Documents, Government Printing Office, May 1949. 24 p.

LOUTTIT, C. M. Bibliography of Bibliographies on Psychology, 1900-1927. Washington,
D. C.: National Research Council, 1928. 108 p.

LYDA, MARY L, and BROWN, STANLEY B. Research Studies in Education 1941.1951.
Boulder, Colorado: the Authors, 1953.

MCGRATH, EARL J. Bibliography in General Education. Washington, D. C.: American
Association of Junior Colleges, 1950. 32 p.

Mc Swam E. T., and ALEXANDER, CARTER. "Guide to the Literature on Elementary
Education." Elementary School Journal 35: 747.59; June 1935.

MANSKE, A. J., and ALEXANDER, CAR1r.R. "Guide to the Literature on Secondary Edu-
cation." School Review 42: 36831; May 1934.
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MAY, Max A., and Doos, LEONARD. "Research on Competition and Cooperation."
Sociological Science Research Council Bulletin, #2.5. New 'York: the Council,
1937. 200 p.

PALFREY, T. R., and Cotesrmv, H. E. Guide to Bibliographies of ThesesU. S. and
Canada. Second edition. Chicago: American Library Association, 1940. 54 p.

SEGEL, DAVID. "Education Research Studies of National Scope or Significance."
Biennial Survey of Education in the United States, 19384). U. S. Office of Edu-
cation, 7edets1 Security Agency. Washington, D. C.: Superintendent of Docu-
ments, Government Printing Office, 1941. Vol. 1, Chapter 10.

SMITH, A. FL A Bibliography of Canadian Education. Department of Educational Re-
search, Bulletin No. 10. Toronto: University of Toronto, 193b. 302 p.

SMITH, H. L, and PAINTER, W. T. "Bibliography of Literature on Education in
Countries Other than the United States of America." (1919-24) Bulletin of the
School of Education. Bloomington: Indiana University, 1938. Vol. 14, No. 3. 144

UNESCO. Handbook of Educational Organization and Statistics. New York: Columbia
University Press. Every three years, 1951 -.

U. S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, CHILDREN'S BUREAU. An
Evaluative Study of Research in School Health Services. Washington, D. C.:
Superintendent of Documents, Government Printing Office, 1958.

WALKER, GEORGE H. "Masters' Theses Underway in Negro Colleges and Universities,
1951-52." Negro Educational Review 3: 68.79; April 1952.

Faculty members and authorities in the field may be able to
suggest sources of materials not indexed general indexes or
journals. Such materials might consist of papers presented at as-
sociation meetings or materials distributed by professional groups
or conferences.

Bibliographies of books, theses, and research papers are valu-
able sources for locating the existence of pertim nt literature. The
bibliographies in the Review of Educational Research and En-
cyclopedia of Educational Research should not be overlooked.
Sometimes bibliographies may be found in periodicals. For ex-
ample, the "Affleck Bibliography" was published annually in the
American Physical Education Review from 1911 to 1929, and in
the Research Quarterly from 1930 to 1941. In the March 1949
issue of the Research Quarterly will be found an excellent bibliog-
raphy of doctoral theses completed from 1930 to 1946bibli-
ography compiled by T. K. Cureton. There are many other bibliog-
raphies to be found in the Research Quarterly, especially in the
issues from 1930.40, 1951, and 1952.

Some confusion may arise from the Aange in titles of periodi-
cals. For example, Today's Health was formerly Hygeia. However,
the cross reference on the library card catalogue will usually refer
to the former titles.

The periodicals listed in the following group are not all of the
periodicals which may have material of value to various aspects
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of the fields of health, physical education, and recreation. Pub lin.
lions of the organizations affiliated with the American Assoc; .00n

for Health, Physical Education, and Recreation should be checked

for possible sources. In addition, there are book and article re-
views or abstracts in many of the periodicals listed below. For
example, the Research Quarterly has research abstracts and the
Physical Educator has book reviews and article reviews. Those
journals marked with "E" are listed in Education Index, those
marked "1" are listed in International Index to Periodical Litera-
ture, and those marked "R" are listed in Reader's Guide to Peri-
odical Literature.

Periodicals

E Adult Education
E American Association of Colleges for

Teacher Education Yearbook
E American Business Education
E American Childhood

Amerk.an Journal of Anatomy
American Journal of Clinical

Nutrition
R American Journal of Hygiene

American Journal of Occupational
'Therapy

Americas Journal of Physical
Medicine

American Journal of Physiology
E American Journal of Physics

American Journal of Psychiatry
American Journal of Psychology
American Journal of Public Health

and the Nation's Health
I American Journal of Sociology

American Public Health Association
Yearbook

American Review of Tuberculosis
E American School Board Journal
I American Schools of Oriental Re-

search
I American Sociological Review

American Statistician
E American Teacher Magazine

Annual Review of Medicine
Annual Review of Physiology

R Archives of Physical Medicine and R

Rehabilitation
E Association for American College

Bulletin
Association for Physical and Mental

Rehabilitation Journal

Association of School Business Of-
ficials

Athletic Journal
Audubon Magazine
Baseball Magazine
Better Schools
Biological Bulletin
British Journal of Educational

Psychology
British Journal of Nutrition
British Journal of Psychology
Bulletin of Hygiene (London)
Bulletin of the National Association

of Secondary School Principals
Business Education Forum (UBEA)
Business Statistics
California University Folklore

Studies
Camping
Canadian Public Health Journal
Cancer Research
Child Development
Childhood Education
Children
Child Study
Clearinghouse
Coach and Athlete
College and Research Libraries
Comparative Education Review
Congressional Digest
Congressional Index
Current History
Current Medical Digest
Current Sociology
Dance Magazine
Dance Observer
Economic Digest
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E Education
E Education Administration and Super-

vision
E Educational and Psychological

Measurements
Educational Film Guide
Educational Focus

E Educational Leadership
E Educational Research Bulletin
E Education Digest

Family Life
Film News
Filmstrip Guide
Flying Safety
Folk Dancer
Good Health
Health Instruction Yearbook
Hearing News

E Higher Education
Historical Journal
Historical Studies
History of Education Journal
Immunity Bulletin

E Indiana University School of Educa-
tion Bulletin

Industrial Hygiene Bulletin
Institute of Historical Research Bul-

letin
Institute of International Education

News Bulletin
International Journal for Health Edu-

cation of the Public
International Journal of Group

Psychotherapy
I Journal of American Folklore

Journal of Applied Physiology
Journal of Applied Psychology

E Journal of Business Education
Journal of Child Psychiatry

E Journal of Counseling Psychology
E Journal of Consulting Psychology

Journal of Correctional Education
Journal of Diseases of Childhood

E Journal of Education
E Journal of Educational Psychology
E Journal of Educational Research
E Journal of Educational Sociology
ER?-1-.-nal of Experimental Education
E Journal of General Education

Journal of General Physiology
Journal of General Psychology
Journal of Genetic Psychology

E Journal of HealthPhysical Education-
Recreation

E Journal of Higher Education
Journal of History of Ideas

E Journal of Negro Education

Journal of Nutrition
Journal of Personality
Journal of Physical Education

(YMCA)
Journal of Psychology

E Journal of School Health
Journal of Social Psychology

E Journal of Teacher Education
Library Review
Mental Hygiene
Mentor
Mind, A Quarterly Review
Modern Humanities Research

Association Bulletin
Modern Schoolman
Monthly Bulletin of Statistics
Monthly Catalogue of Government

Publications
Monthly Checklist of State

Publications
Monthly List of Books Cetalogued in

the Library of the United Nations
National Association of Business

Teacher Education Bulletin
National Bureau of Economic Re-

search
E National Business Education

Quarterly
ER National Education Association

Journal
E National Education Association Re-

search Bulletin
E National Elementary Principal
R National Institute of Health Bulletin

National Mental Health Program
Pros ress Report

National Negro Health News
E Nation's Schools

Negrs Education Review
New Publications of the United Na

tions Headquarters
Occupational Psychology
Occupational Safety and Health
Ohio State University Education .1e

search Bulletin
R Outdoor Life
E Peabody Journal of Education
E Phi Delta kappan

Physical Educator
Physical Therapy
Population Index
Progressive Education
Psychological Bulletin
Psychological Monographs
Psychological Reports
Psychometrika
Public Health Nursing
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Public Health Reports
Public Safety
Public Welfare
Publicity Problems
Publisher's Circular
Quality Control and Applied Sta-

tistics
Quarterly 'Bulletin of Fundamental

Education
Quarterly Journal of Experimental

Physiology
Quarterly Journal of Experimental

Psychology
Quarterly Journal of Studies in

Alcohol
R Reader's Digest
R Recreation
E Religious Education
E Research Quarterly (AAHPER)

Research Reviews
Research Today

I Review of Economic Studies
E Review of Educational Research
E Safety Education

Safety Standards
E Scholastic Coach

Scholastic Teachers
School Activities

ER School and Society
E School Executive
ER School Life
E School Review
R Schnee Digest

Social Research
Social Science Research Council

Bulletin
E Social Studies

Society for Research In Child De.
velopment Monograph

I Sociological Review
Sociometry

I Spectator
Sporting News
Sports Illustrated
Stanford Research Institute Journal
Statistica, Bulletin
Student Life
Swimming Pool Age
Teacher Education Quarterly
Terching Tools
Textile Research . Atrial

R Today's Health
Universities Review
Weekly Review of Periodicals
Yearbook of Education
Youth Leaders Digest

In searching indexes, the researcher may have to look under
various subject her.dings other than the title of his research prob-
lem. Related topics should be investigated in addition to the
specific topics. The following exemplary list will give the re-
searcher an idea of some of the possibilities of indexed topics.

Ability, also refer to Performance and Achievement.
Achievement, also refer to Ability and Performance.
Achievement Tests, a major heading under Health Education,

Physical Education.
Activities, also refer to Sports, Games, Recreation.
Activity Tests, also refer to specific activities under Achievement

Tests.
Addresses of Periodicals and Publishers, see Periodicals, addresses,

and Publishers, addresses.
Age, also refer to Chronological Age, Physiological Age, Anatomical

Age, Classification Bases.
Appraisal, also refer to Aptitude, Character, Personality, Body Type,

Evaluation.
Attitude, refer to Behavior, Sportsmanship, Character, Personality.
Bibliography, see particular subject for subhead. Also see Booklists.
Body Build, also refer to Constitutional Type, Body Type, Physique.
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Body Mechanics, also refer to Posture, Flexibility, Joints, Physical
Proportions, Anthropometry, KineAology.

Book Reviews, main heading. Look for author or subject under
heading.

Buildings, also refer to Gymnasium, Pool, Fieldhouse, Track, Play-
ground, Courts, Equipment.

Character, refer to Tests, Appraisal, Personality Traits.
Circulatory, also refer to Functional Tests, Respiratory.circulatory

or Circulatory.respiratory Tests, Cardiac, Cardiovascular Tests.
Condition, also refer to Physical Fitness, Training, Physique, Func

tional Tests.
Constitutional Type, also refer to Body Type, Physique, Functional

Tests.
Co-ordination, also refer to Motor Ability, Motor Fitness, Agility

Balance, Skill. Also see specific activities.
Correlation, refer to Statistical Research Methods.
Development, refer to Growth, Physical Development, Maturation.
Education Research, refer to Research and see subheads.
Endurance, refer to Stemina, Organic Fitness, Muscular Endurance.
Environmental Conditions, refer to Temperature, Barometric Pres.

sure, Relative Humidity, Noise, Lighting.
Equipment, refer to Athletic Equipment, Supplies, Uniforms, Balls,

Nets, Racquets, Apparatus, Aquatic Equipment, etc.
Factor Analysis, refer to Statistical Research Methods.
Fat, refer to Adipose Tissue, Endomorphic.
Federal Documents, see Government Documents.
Films, refer to Cinematography, Moving Pictures.
Fitness, refer to Physical Fitness, Health, Measurement.
Flexibility, refer to Suppleness, Litheness, Joint Movements.
Girth, see subheads Growth, Body Build, Nutrition, Physique, and

Condition Tests.
Health, refer to Physique and Condition Tests.
Interest, refer to Behavior, Sportsmanship, Character, and Personal-

ity Type Tests.
Marking, refer to Administration of Tests and Testing Procedures,

Grades.
..laturation, refer to Growth Development.
Medical Examination, refer to Physique and Condition Tests, Health

Examination.
Motor Ability, refer to Achievement Tests.
Muscle, refer to Physique and Condition, Strength, and Power.
Nutrition, refer to Physique and Condition Tests, Health Tests.
Objectivity, refer to Administration of Tests and Testing Procedures.
Percentiles, refer to Statistical Procedures.
Performance, see Achievement, Ability.
Physical Fitness, refer to Fitness, Physical Education. Health, Physi-

cal Condition.
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Power, refer to Physique and Condition, Achievement Tests.
Prediction, refer to Administration of Tests and Testing Procedures

Also see Statistical Procedures.
Puberty, refer to Maturity, Adolescence.
Scales, refer to Scales, Norms.
Skill, refer to Achievement Tests and to various sports.
Standards, refer to Administration of Tests and Testing Procedures,

Norms, Score Cards.
Strength, refer to Physique and Condition Tests.
Subject headings, often under subhead Bibliography. Also see Book-

lists.
Surveys, see subject heading, e.g., Health.
Vital Capacity, refer to Physique and Condition Tests, Lung Capa-

city.
Weight, see Physique and Condition Tests, Growth, Nutrition.

LOCATING THE SOURCES
When the researcher has established a bibliography of existing

sources, he then needs to locate the sources. The card catalogue in
a library is the inventory of the library. If the author is known,
usually the simplest procedure is to use the author index. From the
author index, the correct title of the desired sources may be ob-
tained and sometimes additional sources by the author may be
found. The call number and occasionally the specific location of
the source may be obtained from the author card. If the author is
not known, the subject index should be used. This may entail look-
ing under several different headings, as indicated above. Subject
cards will frequently give cross-references to other subjects. The
most complete card, as a rule, is that under the author.

Sources in libraries are classified by one of two systems. The
Dewey Decimal System is usually used in small libraries. The
numbers range from 000 to 999. The areas in which researchers
in health, physical education, and recreation will find sources are
references-000, philosophy-100, sociology-300 [under which
statistics is 310, political science is 320, law is 340, administra-
tion is 350, associations and institutions are 360, education is
370 (including health, physical education, and recreation) j, fine
arts-700, literature-800, and history-900.

The Library of Congress System is used by large libraries.
The symbols range from A to Z and combinations of the letters of
the alphabet. The areas in which researchers in health, physical
education, and recreation will find sources are: Ageneral works;
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Bphilosophy-religion; Cgeography-anthropology; Ggeo-
graphy-anthropometry (Physical education and recreation are
found under GV.) ; Hsociology; Klaw; Leducation (Theory
hooks on education including many theory books in health educa-
tion, physical education, and recreation education will be classed
under LB, and education dissertations will be found classed under
LZ.); MMusic; Nfine arts; Rmedicine (including health
areas and hygiene) ; U--military science; Vnaval science; and
Ebibliography and library science.

If the library does not have the desired sources, there are several
possibilities for obtaining them. Some sources may be available
from the publishers. When it is not possible or feasible to obtain
them from the publisher, the Inter-Library Loan Service may be
used for obtaining sources located in some other library. Sources
are generally loaned for a period of two weeks. The borrower may
have to pay the transportation charges or a fraction of them. Some
researchers have found it more desirable to purchase a microfilm
or microcards of the source than to pay the transportation charges
on the original,source. There ire, of course, certain sources that
are not obtainable on loan. Periodicals and rare voludies come
under this category.

SCANNING OR SKIMMING
As one is able to locate a source, he needs to evaluate the

source for its potential value to the solution of the research prob-
lem. One should skim the literature for each major purpose in the
problem. Titles of books and articles can be misleading at times.
The copyright date of a book or the date of publication of the
article should be noted. By starting with the more recent literature
when taking notes, references will be found to older sources. Like-
wise, it is well to start with more general sources and thereby ob-
tain insight as to the likely specific sources. Sometimes the source
from which a bibliographical reference was obtained was errone-
ously printed. The bibliographic card should be checked to be sure
all data are correct.

By scanning the table of contents or the index, the researcher
may determine whether there are topics on the desired subject in-
cluded in the book. By scanning the center headings end summaries
of chapters, more information may be gained as to the probable
value of the source for data.
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If annotations are made on the working bibliography cards as to
the values of the sources, the researcher will have a base for
selecting pertinent sources. The annotations will also guide the
researcher as to his emphasis in notetaking. Reading available ab-
stracts will aid the researcher in verifying his own estimate of the
source. The annotation of the source should include the organiza-
tion of the material, the number and quality of illustrations, the
emphasis in the source, the research techniques or methods used,
and the essential findings. Suggested forms for annotations may be
found in How To Locate Educational Information and Data by
Alexander and Burke (1).

CRITICAL READING OR GLEANING
It is well to read the summary of the research article or of the

chapter of the book before reading the contents. The reading of
the summary gives the reader a total picture of the chapter or
article and of the things which the author considered to be im-
portant. By noting the center heads and side heads of the litera-
ture, the reader may have a fairly accurate outline of the material.

When reading, the researcher should try to have certain ques-
tions in mind for which he is trying to find the answers. This will
aid him in concentrating upon the subject.

While doing critical reading, the researcher will want to take
notes. If the note-taking form has been well planned, provision
will be made for the researcher to add his own comments and
ideas which occur as he skims or gleans the reference materials.
It is better to err on the side of taking too many notes rather than
not enough notes. Criteria for good notes are completeness (in
scope), ease of assembly (flexibility), expansibility, uniformity
(consistency), and pertinence (essential to the problem). Legibil-
ity and careful identification of the notes will improve their ac-
curacy. Quoted materials should be quoted accurately. Even mis-
spelled words should be spelled the way they were found, but the
researcher should indicate that the error occurred in the quotation
and was not an error in note-taking. It is best to identify quotations
with quotation marks, so that several weeks or months later there
is no question as to whether the material is a quotation or an in-
terpretelion. Where one source quotes another source, the re-
searcher should attempt to find the primary source and obtain the
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quutation from it. The researcher will then be assured that the
material is quoted accurately.

When making narrative notes, care should be taken that ma-
terial is not quoted without giving due credit for the quotation.
Bibliographical reference should be given for ideas obtained from
sources. Credit should be given for unique words or phrases.

Notes in outline form are used only by the experienced re-
searcher who is looking mainly for ideas. Even in this form of
notetaking, bibliographical reference should be given to the notes.

After notes have been taken from a few sources, it is worth-
while to make a pilot study of the notes. Sort, classify, and try to
analyze the notes. After the pilot study, the researcher will be
able to correct any faults in note-taking while it is feasible to do
so. He will also obtain insight into the values of the sources.

After all sources have been explored and notes completed, the
researcher should then spend some time in processing and analyz-
ing his notes. Insight into agreements, differences, relationships,
and trends will be obtained by the reflective thinking given to the
results of the analyses of the notes. Quality, even more than
quantity, of ideas discovered in the literature is needed for good
research. Too many graduate students merely write up one ab-
stract of literature source after another and do nothing about
analyzing the material. The researcher should determine the agree-
ments and differences among the sources and between the sources
and the research problem being undertaken. This process will in-
volve reflective thinking and careful writing.

The material should be written up in the best form possible. The
final chapter in this book, "Writing the Research Report" will be
helpful in the writing process.

The better the library research, the better will the researcher be
able to carry out his selected problem. The reading should be done
before the selected problem has been outlined and the research
design completed, if the researcher is to do a scholarly piece of re-
search, As a result of broad and deep reading, the researcher will
have obtained ideas on the phases of the problem, the values of
certain methods and techniques, the possibilities of analysis of
data, and ways of presenting the analysis of data. These ideas will
help the researcher focus clearly upon the various aspects of his
own problem, and he will have a background upon which to build
research designs.
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CHAPTER 3

Selection and Definition
of a Problem

KARL W. 100KWALTIER

BY FAR THE GREATEST MAJORITY OF STUDENTS IN THE AREAS OF
health, physical education, and recreation come to their graduate
work without any idea of what their problem for their required
thesis or dissertation might be. This is probably a blessing in
disguise. Most people lack the curiosity, insight, and techniques
that make them problem.conscious as they enter upon their grad.
uate work. The seeker for a problem may be assured that he is
not peculiar or unique. He has company. In fact, this need is
probably the basis for the usual requirement of a course in the
Introduction to Research.

Other characteristics of the average problem seeker are t grasp
at "the first straw"---the first problem that suggests itself or is Bog.
gested by his adviser or by some professor. Again, and probably
more typical, is the tendency for the student to Iry to work out
some vague outline of a problem out of his experience or imagine
Lion, practically unaided by background reading, and to hasten
to have the concept reserved or aceepte4 at once. This leads to the
downfall of many of the students who have completed all require.
ments for a degree except the thesis. These students comprise the
army of "course takers" who drop out because of failure to find
or to complete the required problem.

0
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A problem properly chosen and carefully planned is practically
assured of success for the average or better than average doctoral
candidate.

This chapter is included in this book because the selection and
definition of a problem is a major obstacle to the success of many
researchers, because a proper start is so vital, and because the
student can be helped in this quest.

110W TO LOCATE A PROBLEM

The student may turn to his own experience, to his educational
background, and to direct searching in order to locate a problem.

Experience in His Vocation. As a person teaches health or physi-
cal education for his first year or so, he is concerned with the
mechanics, with finding proper sources, with proper sequences,
and with proper time allotments. Methods too must be mastered.
Little time exists in this trial and error process to note, much less
formulate and execute, problems which confront all or many in
this field. Then come the years of curiosity, of relaxed control,
and of time to tackle practical problems more slowly and more
systematically and carefully.

Coaching, administration, or the conduct of recreation programs
follow the same patternfirst confusion, then control, then curios.
ity. This last trait, unfortunately, is possessed by too few and in
too small a degree. Ten years of experience routinely following
in the same rut is only one year's experience repeated ten times.
A person must be curious, alert, creative, and capable if he is to
contribute to his profession by joining in its problem solving.

It is in this crucible of practical experience that the recognition
of pieblems and the depth of understanding regarding probable
solutions, and related and dependent variables necessary to prob.
lem solving, are acquired. It has been said that the techniques of
research can better be given to the field expert than can field
expertness be imparted to the research technician.

If the researcher's experience includes use and manipulation of
equipment, stadiometers, sphygmomanometers, spirometers, goni-
°meters, and such, likely problems and appropriate techniques
present themselves readily. When he is a stranger to such technical
equipment, then certain areas of research interest are probably
closed to him. If tests and measurements of pencil and paper or
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performance type pique his interest, he sees certain problems of
which a more disinterested person is unaware.

In short, the richer the researcher's experience, the more the
likelihood of his being constantly confronted with problems which
he might like to tackle. The more narrow or mechanical his pro-
fessional experience, the greater the probability that problem solv-
ing is not for him. At least the task will he difficult and somewhat
of a chore.

Contacts with the fields of physiology, physics, psychology,
kinesiology, or other laboratory work, may stimulate curiosity
and research for the person in the areas of health, physical edu-
cation, and recreation. These fields are uniquely tied to the
laboratory or experimental approach to problems. A person with
such contacts might well be expected to find his problem or prob.
lems in this area.

Familiarity with data frequently found in safety divisions, in
health agencies, in guidance departments, and in welfare and
youthserving agencies should make a person extremely curious.
Are the records or tests valid, reliable, or objective? Could a
better test be made for the purpose? What are the interrelation.
ships? What makes for failures? What for success? Only the
most routine and clerical mind would fail to want to know the
answers to these and myriads of similar questions. Records are
collected essentially to aid in solving the organization's problems.
Only when they are thus used is the time spent in obtaining these
facts justified.

In short, if a person is not puttied, curious, or challenged,
maybe he should not go on for higher degrees. On the other hand,
these curiosities can, to some extent, be stimulated by study and
vicarious or institutional experiences.

Education and Training. A student's professional subjects will of
course be pointed toward his major goal in life. However, that
goal today should, on the graduate level, include an interest in
solving or helping solve the problems in his field.

Technical skills commonly required for research are statistical
organization, analysis and interpretation, experimental design,
measurement, survey techniques, documentary analysis, action
research, and many others. Regardless of his field, the leader will
need to be reasonably well equipped in many of these.
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A course in introduction to research is basic to an overview of
these potentialities. This chapter is especially pointed to this end.
The techniques suggested in this and other chapters are, as indi
cated, introductory only. If, for example, a student is to do a
statistical, experimental, or measurement study, from six to nine
hours of statistics are a basic requirement. Otherwise the study
should not be undertaken. Similarly, historical, physiological,
psychological, or kinesiological studies should not be undertaken
by the naive person. There are no short cuts to a good study and
certainly there are none to continued contributions to one's field.

In any graduate coursesuch as the Organization and Admin.
istration of Health Education, or of Physical Education, or of
Recreation, or in any good Principles coursethe student should
be confronted with unanswered problems, authorities in such fields,
and resource materials which might be helpful. Seminars should
stimulate his desire to learn and his creative thinking along cer
tain lines, if he is truly a graduate student. His curiosity and
creativity may be stimulated by the faculty members teaching such
advanced courses.

These things do not come all at one time. They are part and
parcel of a good graduate education. The student can be too quick
to decide what he will choose for hir, initial research problem. On
the other hind, many degrees are lost by procrastination. The
student should begin thinking creatively early in his graduate
career. Then, when he is sure and capable, he can tackle the
problem.

Direct Search fora Problem. Talks with his professors and with
those in related fields may reveal to the student less personal prob.
lems which may pique workers and scholars. Researchers he.
quently add to the unsolwd areas in the very process of having
solved certain problems. Tough the best problem for an individ
ual is his own problem, investigation of the problems of others
may lead to a vicarious interest which will transform the searcher
into a researcher. A warning is in order that such a step may
lead only to a blind alley or at best to a boresome experience
solely to meet a requirement. On the happier side, it might be
recalled that earlier custom prescribed that the hapless candidate
do the problem assigned by his professor. So, it has been done
with success by others in the past.
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The hard way to search for a problem is for the student to set
himself to the task of laborious library scouting and scanning.
Since there is an element of aimlessness about such reading, or
steking, at first it is likely to be in great part ineffectual. How-
ever, once the student is on the track of a likely topic, this experi-
ence will serve him in go( l Head. Many sources and voluminous
notes should be on hand tart him on his particular project. He
will have acquired a degree of critical skill in library work al,
ready. The preceding chapter on library techniques will be help-
ful in this approach.

CRITERIA FOR AN ACCEPTABLE PROBLEM

As the researcher gathers experience on the job and is en-
lightened by his graduate education and by much searching, scan-
ning, and skimming in the library, it is quite likely that many or
several potential problems will present themselves. Rather than
a dearth, there may suddenly be a plethora of ideas. To jump at
the first one or to select one at random would be foolhardy. The
right choice is extremely important. While the choice of a prob-
lem is the responsibility of the candidate, there are nevertheless
some bases by which a more intelligent decision may be made.
These criteria are boll personal and social in nature.

The usual first research Froject is unlikely to be epoch making.
So, self-preservation being nature's first law, the researcher nat.
urally turns to self-analysis in preliminary appraisals of potential
problems.

First, he must be sure the topic is definitely and svefieally
delimited so that its scope and difficulty are accurately foreseen.
The basic assumptions must be known and it must be evidenced
that they can be met. The hypotheses must be known and be so
stated that in the end their tenability or verity can be established
or rejected logically and/or statistically. Usually a problem first
presents itself in somewhat nebulous form. Also, its scope tends
to be such that it is impossible of attainment by one person, at
least in a reasonable time. Proper definition and planning can
usually reduce the idea to manageable form and its scope to attain-
able proportions. Proper definition of terms will aid in both efforts.
When the student is reasonably assured that there are merits in
the proposed topic, complete analysis by the horizontal enalysis
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technique, explained and exemplified below, will practically assure
him that he can answer this first criterion and those following.

Just for example, the idea may come to him, "What are the
effects of athletics?" Obviously he would need to decide: "upon
boys or girls in elementary school, junior high school, senior high
school, or college?" having decided the problem will be "What
are the effects of athletics upon junior high school boys?," he starts
out on the quest for certainty. Soon he realizes that there are de-
grees of athletics and a variety of sports. Again he has to decide
upon the more vigorous interschcol sport and the one with most
debatable safety, football. Now the problem is "What are the
effects of interscholastic football upon junior high school boys?"
Pointed reading now becomes more possible and also more en
lightening. He soon discovers that there are myriads of possible
effectsscholarship, school tenure, physical fitness, growth and
development, injuries, mental health or adjustment, acceptance
by the group, or even juvenile delinquency.

For the point of argument, let us assume that he has recently
heard of the Wetzel Grid (23) in a psychology class or in tests
and measurements (or both). This seems to be a natural, a per-
feet criterion, so he settles on growth and development with the
Wetzel Grid as the criterion. Now interest and education are
wedded, and the topic becomes "The Effect of Interscholastic
Football Upon the Growth of Junior High School Boys, as Meas-
ured by the Wetzel Grid." Later the difficulty of getting co-opera-
tion and of controlling the many variables leads the researcher to
add one more delimitationhe will take only his own school into
consideration. Finally, the problem has become "The Effect of
Interschool Football Upon the Growth and Delelopment of Boys
of Lake Junior High School as Measured by the Wetzel Grid."
Quite likely the adviser will think of future librarians and of the
difficulties with the bookbinder and may suggest a title of "Junior
High School Football and Its Effect Upon Growth and Develop-
ment." The limitations will, however, be given early within the
text of the thesis and the problem remains the same.

Personal Criteria. These are interrelated and supplementary in
nature. !wrest in a proposed study is indispensable to its success-
ful completion. Faint curiosity or even the fact that the project
seems to be the least distasteful of the lot may ultimately change
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to a positive interest, but these are weak reasons for starting on
th5 most discriminating and revealing of professional hurdles
required for the higher degree. A real interest in his topic will
carry the student over obstacles which the more negative reasons
might render too formidable or professionally fatal. To have a
definite interest in the topic for its own sake, not just as a means
of meeting an educational requirement, is good insurance that he
will finish the task, and creditably so. This interest should grow
as the student becomes more enlightened and informed through
his background reading.

Capacity, one's ability to do a given study, obviously is not per.
feet at the start. There are many unknowns and many areas in
which present skill is inadequate. The scholar is driven by his
interest and curiosity to delve deeply into related literature. He
may even take a course or two, or audit some previous course, now
grown hazy. A statistics course, a measurements course, or an
additional advanced course specific to the problem can yet be
taken, even though not prescribed by the committee. No one has
been examined by a psychiatrist for such an act, even if it may
seem to be a bit out of the ordinary. The lazy, unscholarly individ
ual to whom the thesis is an inescapable necessity will try to tackle
the problem with the least pain possible, will do a minimum of
library research, and will take the shortest route. Here is news
for that person! Not only is that way not short, it is dangerous.
One's reading will reveal techniques successfully employed in
similar studies. These techniques may not be at the immediate
command of the embryo researcher but he should take down the
name of the technique, something of its effectiveness, and any
formulas invoked. The how will come later with study or with
other help.

Some scholars have been known to take a major in a new field
which was essential to the solution of a particular problem for
which there was a great passion. This need is tare and as a rule
might be construed as an indication that one should not under.
take that problem. One scholar, under the direction of the writer,
lacked the necessary advanced statistics course and accordingly
bought the needed books and taught himself the required correla.
tional and regressional techniques. This too may not be ordinary,
but neither was the scholar. Remember. what happens to the
researcher can be of greeter worth that, his resultant research.
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Physical and emotional capacity of the researcher should also be
considered. If the researcher is easily frustrated by minute de-
tails, great care should be taken in selecting a problem which will
not be likely to strain to a breaking point the researcher's physical
and emotional capacity.

Feasibility can be made, as well as found, but there are limits,
economic and temporal, and these limits are known even to the
scholar. He will investigate the costs of equipment, travel, calcu-
lations, payment for experimental subjects, and the like. He will
compare the probable length of time required for the completion
of his proposed study with time reasonably available. His adviser,
persons having finished similar studies, and those who might fur-
nish the equipment and calculations, or serve as subjects, will give
him indications upon which to estimate the economic costs. These
he should balance with his own family and professional plans,
with his economic status, and of course with his zeal for the prob.
lem. The answer is again only available to the candidate. There
seems to be a tendency for a minimal standard in judging what
is excessive. On the other hand, problems are frequently more
costly than expected, so let the buyer beware. Before giving a
negative decision on a vital topic, however, the researcher would
do well to explore the possibility of grants, subsidy, or an assist.
antship. The more definite and vital the proposed study, the more
likely the finandal aid. Many questionnaire studies, done by mail
on an opportunistic group, would be given no consideration, for
example.

Availability o/ data is another consideration closely related to
feasibility. Not all available data are relevant; nor will all rele-
vant data be attainable at times. Again, the merits of the study,
its sponsorship, and its uniqueness and timeliness will somewhat
determine whether some data will be made available or not. Quite
frequently, data collected for one purpose (such as physical fitness
data collected by the armed services or by college fitness programs
during the war) may be too unreliable or incomplete for present
needs. Obviously these inadequacies cannot be remedied at a
later date nor can fallible data be rendered trAful by statistical
manipulation.

Usually data collected for the specific problem under considers-
lion and according to standard specifications are best, but not
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always. Consideration must be given to the possible demands
made upon the time, energy, and privacy of the individuals or
institutions. One must judge whether impolant practices or pro-
grams must be set aside temporarily and to what degree. The open
end questionnaire with endless queriesfrequently overlapping
and with answers often available elsewhereusually results in
markedly reduced returns, incomplete responses, or carelessness
and inaccuracies.

Personal bias is natural. The researcher should ask himself,
"Am I trying to prove that interschool athletics are harmful (or
not harmful) to elementary school pupils, or am I trying to assay
the truth of the matter? Am I emotionally involved in the direc-
lion in which the chips may fall?" This matter of personal bias
can unconsciously make differences of tens of percents when real
differences in measurement or survey results might be revealed
within a few points. Religion, race, state pride or prejudice, or
professional zeal may render the researcher incapable of objective
measurement, questioning, or interpretation. On the other hand,
a cool, conscientious, careful scholar may obtain the necessary
drive to a thorough job from just such a motivation. A person can
be warned but decisions cannot be made for him. His proposed
outline will be quite a revelation of his ability.

Personal returns from the research should be evaluated. The
researcher may ask himself, "What will be the personal returns
from a task of this magnitude? Will I have a feeling of satisfac-
tion and pride in a job well done? Wil' there be such a demand
for the results by the workers in the profession that it will bring
credit to me and my institution? Will this study fill a specific need
for a certain field or a group of its workers, so that I may become
recognized in this regard? Can the test be published and placed
on sale? Does the study lend itself to publication in textbook
form? Will my own skills and abilities be so enhanced by this
project that I may become confident and beter able to pursue my
chosen profession or better serve in some of its special functions?
Will I be able to teach or to conduct and direct research as a re-
sult of this experience? Or, will I be ashamed of my performance
and glad to forget it and to have it forgotten? Will I never be led
to attempt another study requiring research ability once this chore
is over?" Surely more than just meeting a requirement is possible!
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If this is not true fur the topic under consideration, then perhaps
the right topic has not yet been found.

Social Criteria. These are not inseparable from personal criteria.
They are, however, more difficult to meet, at least for the novice
in research. It is well to indicate these guides as to the social
worth or value, for if nothing is ventured, nothing is gained. Also
the chances are that in the long run there will be first or introduc-
tory research studies which will be a real contribution to the pro-
fession. In all truth, most doctoral candidates aspire to make such
a contribution through their study.

Fundamental importance of a topic has been said to be deter-
mined by "how many people will br, influenced and how much."
Not everyone can be a 'Ferman whose revision of the BinetSimon
intelligence test gave the first national norms for guidance in edu-
cational programs, or a Salk whose vaccine could protect millions.
However, tests of strength, fitness, athletic ability (4, 19), motor
ability, and sports knowledge (19, 21) have been devised which
either came to have national use or which established a criterion
and/or procedures for much subsequent research. Growth charts
are examples of practical contributions to school health work (23).
If a state is served or a real contribution to a city department is
made, if new techniques are successfully used or developed for
the first time, then a study of fundamental importance has been
made. It is impossible to mention all original or stimulative con-
tributions in the areas of health education, physical education,
and recreation. Some must be omitted or skipped over lightly, as
for example the recent contributions in the field of kinesthesis or
the use of statistical designs for causal or factor analysis in sports
methods experiments.

Timeliness gives support to efforts which 'might otherwise be
neglected. The present and recent interest in physical fitness, the
interest in standards for facilities following World War ll, the
current debate on interschool athletics below the high school level.
sociometric group dynamics, and action research are all timely
possibilities.

Uniqueness (13). ovelty, or longsought solutions such as
longitudinal prowili studies may be desirable. On the other hand,
the omnipresent. mailed questionnaire study. so apt to intrigue
the nontechnical candidate, is an example of an overdone and



SELECTION AND DEFINITION OF A MUM 49

frequently poorly executed approach which is unlikely to receive
great acclaim.

Research facilitating other research (8) is always acceptable,
if carefully done. Co-operative research (2, 12) has given prob-
lems to scores of others in our field. Closely related is group re-
search in which several can contribute, such as the setting up of
achievement scales (5, 6, 15). In these, hundreds participated.
Such studies are opportunities for novitiates to get the feel of care-
ful work for a larger social purpose.

Unification of knowledge can be brought about by synthesis of
research in particular areas. Also, in national studies or in cross
sectional studies, the effect of athletics on health in the several
school levels or determination of fundamental predictors of sports
skills for the myriads of sports are examples of gaps in our pro-
fessional knowledge which need to be filled.

PROBLEM SUGGESTIONS
There are four frames of reference which can separately or

collectively become quite suggestive of potential problems to the
beginning research worker seeking a problem to tackleanalysis
of the areas or branches of the chosen field, commonly recognized
problematical areas, differentiating factors or variables, and pos-
sible research methods or techniques.

Field Analyses. There is no assumption, that the following field
breakdowns are complete or acceptable to the philosophers in these
fields. The sole purpose is to give examples and to explore prob.
lem suggestions.

Health and safety can be said to consist of:
(a) HEALTH AND SAFETY SERVICEhealth examinations, health

and safety inspections, immunization, isolation, nutrition work,
follow -up and guidance, safety patrols, first aid treatment, and
special classes (heart, hearing, sight, crippled, anti-tuberculosis,
and the like);

(b) HEALTH INSTRUCTIONper:onal hygiene, community by.
giene, industrial hygiene, social hygiene, mental hygiene, first
aid, and family living;

(c) SAFETY INSTRUCTIONhome safety, school safety, trans-
portation safety, recreation safety, occupation safety, and drier
training;
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(d) HEALTHFUL SCHOOL LIVINGhygiene and safety of the
school plant, hygiene and safety of instruction, school lunch,
healthful and safe routine, and educational guidance.

Physical education may consist of the service program with its
administrative and hygienic activities, sports (developmental and
recreation), gymnastics, and rhythmics; the adaptedrestrictive
and remedial program; the coeducational and corecreational pro.
grams; the intramural program; and the interschool athletic pro.
gram.

Recreation may consist of recreation education, school-con-
ducted community recreation, school services to community rec-
reation agencies, outdoor education, community recreation, com-
mercial recreation, and private recreation.

Public health may consist of enactment, enforcement, service,
education, and engineering.

This empirical breakdown into some 43 major areas could be
further refined until the list would be endless, or reasonably ten.
fold. Any one researcher would of course be interested essentially
in his own fieldhealth, safety, physical education, and/or rec
reation; hence, the potential and the actual scope would not agree.

Problematical Areas. Within any field or subfield, there are cer-
tain common areas of concern. Within these areas, problems of
somewhat unique nature are bound to arise. Out of these problems
come the need or opportunities for research. Again it is not held
that the exemplary areas chosen are a completely logical or
acceptable aualysis. However, this empirical breakdown has film-
tioned in the past and will serve in this present effort at problem
analysis and elicitation.

Philosophical problems deal with purposes, principles, policies,
and values and are usually a matter of logic. However, a person's
accepted system of philosophy such as idealism, realism, prag-
matism, or some blend thereof, will be an essential factor in the
results.

Legal or regulative problems deal with mandates, permissions,
and the like. One may be concerned with existing or with needed
laws or rules. In scope, they may be international, national, state,
or local. They may be pol ical or institutional.

Administrative and superrisory problems consist again of prin-
ciples, policies, procedures, and practices. Their essential put
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poses are to set the stage for, or to implement, the programs men-
tioned above under Field Analyses.

Program and curriculum problems deal with what content, ac-
tivities, or service should he provided for whom, when, how, in
what amount, and in what degree of difficulty.

Methods or organization problems deal with how the activities
or content are to be presented or the participants organized.

Personnel problems deal with the nature of, selection of, guid-
ance of, training of, and evaluation of the success of staff or par-
ticipants in the various programs.

Facilities problems are concerned with the space, structures,
fixtures, equipment, and supplies appropriate to certain fields for
certain purposes. Principles, criteria, and standards for planning;
and construction, use, and maintenance of these facilities may
also be somewhat a concern of philosophy at the over-all level.

Financial problems deal with the source and expenditure of
monies and with their accounting in any field.

Relationships deal with the areas of responsibility and authority
between fields or programs. Co-operative relationships are the
essential phase of this area since legal or regulative and adminis-
trative or philosophical relationships are also involved in the
original organization of these regulations.

Professional problems deal with the extralegal co-operative
efforts to advance the field through codes of ethics, writing, con-
ference, and joint study of professional matters.

It must be admitted that there is some possible overlapping in
these ten areas. However, each division contains some unique
possibilities for problem study of a distinct nature. Thus, poten-
tially, the 400 to 500 crudely estimated fields and subfields of
interest first outlined, when combined with these ten proposed
problematical areas, make a theoretical possibility of some 5,000
kinds of problems in all of our fields.

Differentiating :'actors or Variables. By means of this frame of
reference, the researcher may delimit problems to workable size
and receive guidance as to the nature of independent variables to
control or possible causal factors to hypothesize and test.

While probably not limitless in number, these factors or vari-
ables, contributing to the nature and scope of potential problems,
are far more numerous than is indicated here.
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Age, sex, height, weight, physique, training, experience, and
intellect are some of the more personal human variables which
may be presumed to be, and in some cases are known to be, causal
factors in certain situations.

Race, religion, soc;oeconomic status, and occupation are inter-
personal and social factors and variables which might well be
considered in some problems.

Geography, political unit, auspices or sponsorship, town or in-
stitution size are social factors to consider.

Time is a variable in learning, and in growth and development
especially. Levelssuch as beginning, intermediate, or advanced
or grades in school are other conditions to be controlled.

The 18 variables listed are only suggestive of many which
reading might reveal to. be important. These considerations, with
their subclasses and in combination with the 5,000 or more possi-
bilities developed above, assure the problem seeker of a reason-
ably estimated 100,000 potential sources of problems.

Research Methods. Not all research methods are 'equally appli-
cable to all fields of interest, all problematical areas, or all vari-
ables. However, consideration of the technique or method most
adaptable to the problem or to the researcher's abilities will Egain
be a guide in problem selection.

One example of the need for a choice of research method fol-
lows. The researcher may be interested in the progression of
stunts for the elementary grades. He may glean texts on stunts
and tumbling. After applying some experience and logic to sim-
ilar stunts with differing names, he may tally the frequency of
use of stunts for different grades for both sexes. Lacking such
grade placement, he may note the order of mention. Out of this
maze of differences of opinions by experts and confusions of bases
of classification, he may come up with a possible order of progres-
sion. He will have used library technique.

Not satisfied with this debatable hodgepodge, the researcher
may wish to verify or validate the order more fully. With a check
list or questionnaire based upon the obtained sequence, he may by
some criteria select some modern "experts" who should be "in
the know" as to the relative difficulty of the stunts and request
their expert judgment as to the red order of difficulty. 11 they are
all expert, and if they all respond, he will now have a modern
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"estimate" of the proper order of stunts for the elementary grades.
This will have been a normative survey, and he will have utilized
the checklist or questionnaire technique.

If truly scientific, the curriculum researcher might still be dubi-
ous and may wish to test "opinion" against actuality. He will
accordingly use the authoritatively revised order of difficulty as
a best guess as to the probable order of success and safety and
will randomly select samples of boys and of girls from each of the
appropriate grades. To these, he will present the stunts, recording
whether the pupils succeeded upon the first trial, or upon the
second opportunity, or whether the stunt was failed. Summing
the scores and putting them into order by size, he will now have
the true difficulty level of various stunts for his ;,ample. Other
samples of other populations where greater or less emphasis may
have been put on stunts in the physical education program will, in
all probability, reveal different difficulty orders for these same
stunts. In the present instance, the researcher may be said to have
used a simple experimental procedure. Thus, we see there are
more ways than one to do research.

Methods of potential use in these and similar or dissimilar
problems might include philosophical, historical, curricular, sur-
vey, measurement, experimental, or many other variant or sub.
level techniques. Choice of the technique to use will depend upon
the nature of the problem, the researcher's intellectual capacity,
the degree of assurance he needs to have in the answer, the ac-
count of money or time available, the urgency of the problem, and
his zeal for the problem. Whichever method or technique may be
employed, the researcher is held for accuracy, objectivity, and
thoroughness. Many problems will use several techniques, such
as library, measurement, and finally experimental.

Thus, it can be seen that the range of possible r:oblems is prob-
ably in the millions. Yet how often does one hear this lament
at least of beginning graduate students"I just can't find a prob-
lem"?

BASIC PRINCIPLES FOR DEVELOPING A PROBLEM OUTLINE
A doctoral candidate, and especially a Master's degree candi-

date who intends to write a thesis, should give early consideration
to his thesis topic. He should carefully explore the possibilities
revealed through the application of the personal and social criteria
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mentioned earlier. Many times problems can be developed and
refined in introductory research courses or problems seminars.
A problem thoroughly planned is well on the way to completion.

The advice of his chairman and other professors, as well as
that of mature graduate students, Abould be sought, and related
literature should be located and carefully gleaned.

One logical and thought-provoking technique for directing the
researcher's thinking and planning on a proposed problem is the
"horizontal analysis" technique. In essence, this is nothing but a
formalization of a simple series of steps: define or state the prob-
lem; determine the major subproblems; and for each subproblem
state precisely what one needs to know, where one can locate the
needed facts or techniques, how one will locate them, the proposed
organization and analysis of the facts, and the resulting type of
conclusions.

THE PROISLEM OUTLINE
In the problem outline, there should be three major parts: tha

introductory material, the horizontal analysis, and the bibliog-
raphy.
The Introductory Material. A few paragraphs or a page or two
will suffice to give the motivating reasons for having chosen the
proposed problem. The researcher's special aptitude and/or ex-
perience in the field, a current demand for a solution of the prob-
lem, a gap in related knowledge, or even the availability of ade-
quate and accurate data essential to the solution of the problem
may be cited.

A concise and yet revealing statement of the problem should
follow immediately. It might be well to state the several major
subproblems to further delimit or define the scope of the study.

The purpose for the study or the possible use of its results
should be outlined. For example, if a performance test is to be
developed, the researcher should state for which sex and for what
grade level the test is intended. He should also state whether the
test will he primarily diagnostic, a measure of achievement, a
basis for classification, a research tool, or a combination of these.

The need for the test should be stated. For example, in a Oval-
cal fitness program in which results are expected and must be
measured, the significance of the study may be citednational
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need, contribution to safety, motivational value, or utility under
normal teaching conditions.

The delimitations or scope of the study should be outlined. For
example, in physical fitnes% research, the outline should include:
the number of cases to be used; whether mass, squad, or individ
ually administered; whether it is for males er females; for which
grade or grades it will be set up; whether it is for local, state, or
national use; whether general fitness or Inere skills in a specific
activity are to be assayed.

The limitations or known weaknesses should be stated. For ex-
ample, if in a survey the sample is to be opportunistic rather than
random; if a questionnaire is to be mailed rather than checked
by personal interview; if a limited number are to ine obtained; if
there are geographical limitations; or if only existing data will be
obtainablethese weaknesses should be admitted at the start.

Essential definitions of terms should be formulated, such as:
"What is an athlete? When is one a participant? What is meant
by physical fitness? Who is to be counted as a freshman or a
sophomore? What are considered to be administrative practices?
What is an attitude?" And similar terms relevant to the study
need to be defined.

Basic assumptions should be given for the problem; there should
be an indication of the way in which the data meet the basic
assumptions required by the techniques for the analysis of the data.

A problem must be unitary, that is, deal with one essential goal
at a time, and be properly delimited. Furthermore, steps to solve
it should be taken one at a time at J in strategic order, i.e., each
preceding step being indispensable to the attack upon the follow-
ing step. As a rule, research studies follow this pattern.

A first step in the recognition of this necet sary, or at least more
effective, order is the division of the problem into its major sub-
problems. Their number will depend upon the nature of the study
involved, its inherent complexity, and to same extent the naïveté
of the researcher. A true problem can have, no less than two such
subproblems, will usually have three or four, and conceivably
might have more. When there are more than four, the researcher
should reconsider to determine whether he may be attempting a
multiple study, or perhaps may have made the common error of
including as subproblems mere minor steps or "items one needs
to know."



56 RESEARCH METHODS

An example of choice of subproblems is given in the horizontal
analysis of the "Survey of High School Health and Physical Edu-
cation Programs for Boys in Massachusetts" (p. 64.70). This
topic was selected to guide future survey workers in doing a
good piece of research, because surveys have usually been poorly
done in the past. In this proposed study there are three sub-
problems. Subproblem I is the selection of and orientation to
a score card and related variables. In this step, the researcher
is involved in a thorough study of relevant score cards, studies
involving their ire or criticism, texts in the field, and sources
for the evaluation of score cards or of programs. Thus, he is
referring to and gleaning authoritative sources. Books and even
authorities in the field are the source, and the objective is a sound
choice of a score card from among existing more cards.

If there are no such score cards or if the available score cards
do not reasonably meet the criteria suggested and the purpose
of the study, then a score card would have to be devised, or at
least adaptations inade, before the proposed problem could be
carried out. A basic principle applying here is, 'We cannot use
what we do not have, nor should we develop that for which we
have no use." The result of this first subproblem is an indispen-
sable score card.

In checking upon his analysis, the researcher should be sure
that no jury, list of criteria, principles, checklist, data card for
hand sorting. categorization for data analysis, definition, or simi-
lar treatments are employed in the analysis without first evidencing
the manner in which they were developed or attained. Foolish
as it may seem, the beginner should also be warned not to go to
the trouble of developing such techniques or devices and then
fail to utilize them later in the process of developing the problem.

Subproblem II in the analysis is "selection of sample schools
and application of the score cards thereto." Here the researcher
must have the schools before ha can assay them. However, before
he can assay the schools accurately, he must have pilot schools
willing to allow him to practice on them in order that he may
subsequently reliably and objectively evaluate his sample. In this
major step the source is schools and the objectives are their scores
and other relevant data. Here, little reading matter would seem
to be required other than an atlas for town sizes and a school



SELECTION AND DCINMON OF A PROEM 57

directory for school sizes and location. It is obvious that from
the similar an] related studies gleaned in the first subproblem the
researcher has discovered pertinent independent variablesthe
need for thoroughness in scoring and for exactitude in sampling
procedures if his findings are to be comparable with those of other
workers. The results of this subproblem are the desired values
of the school scores on score card items, areas, and total. In some
problems, it is desirable to analyze the data from the pilot study
to be sure the data can be analyzed in the way planned and that
the kind of results desired can be obtained. Changes in the instru-
ment for collecting data nny have to he made. Then there is the
third and final step.

With the needed scores available, the researcher finally pro-
ceeds to Subproblem HI in which he "organizes and analyzes the
data" so that he may test his hypotheses by the statistical findings
and arrive at generalizations and recommendationsthe original
purpose of the study. In this final major step, the categorization
and classification of data, so that they may be treated statistically,
and the drawing of tenable conclusions or inferences from the
findings are a unified and interrelated, but orderly, process of
inductive thinking by aid of calculators and statistical formulas.
Here the source is statistical treatment of data, and the objectives
aro tenable and demonstrated conclusions or inferences with their
logical recommendationsthe purpose for which the problem was
conceived in the first place.

Thus, a subproblem is any major indispensable and unique
phase of the problem which may be developed to its own conclu-
sion or conclusions by appropriate steps or procedures, which are
likewise unique to the subproblem and its purpose. Each sub-
problem is necessary for the understanding or solution of the next
subproblem.

In order to develop each subproblem properly, the researcher
must indicate: A. What he needs to know or have; B. Where he
may locate the knowledge or object; C. How he will locate the
desired fact or thing; D. How he will proceed to organize and
analyze or utilize that which he has located; and finally E. The
kind of conelmiorm expected. The first five of these steps must
be explained or described in all necessary detail. What is neees-
sary detail is again determined by the complexity of the step, the
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naïveté of the researcher, and the consequent requirement of his
committee or instructor. The more experienced and wellread the
worker, the less the detail (within limits) which might be con
sidered necessary. For example, a trained and experienced statis-
tician might merely say he would test for significance. For one
ignorant of the field, the greatest detail would be needed. No
mathematical rule can be given but, if in any doubt, it is best to
develop the item completely. The last process the conclusions
can only be given in general as to type, or categorically. The
conclusions must logically be derived from their preceding "organ-
ization and analysis." They obviously cannot be given specifically,
or else the items are izot something the researcher needs to know.
However, he has to have an idea of the end result in order to be
able to recognize it when it is obtained. It is obvious that the depth
of his experience and reading will determine the utility of the
outline. If he can proceed from this "blueprint" and unfalteringly
take each necessary step to the kind of conclusion expected, there
is probably sufficient detail. Allowing his fellow students to look
at the outline to ascertain how completely they understand the
planned research steps may reveal ambiguities, additional steps,
or definitions which may need attention. Let us look at the exam.
ple of the horizontal analysis again.

Subproblems are first broken down into "What one needs to
know (or have)." These steps follow logically from the first
item of the first subproblem to the last item of the last subproblem.
The mere mention of these steps in their proper sequence does
not solve the problem but it does tend to reveal the scope or mag-
nitude and to indicate the strategic order of things to come. These
steps are usually in question form to help the researcher in devel-
oping the conclusion.

In the survey study outlined on pages 64.70, the first subprob-
lem has been resolved into: "1. WliA score cards are available?
2. By what criteria shall they be evaluated and chosen? and 3.
Which of the available score cards best meets the criteria?" On
the right side of the outline under "Conclusions," the matching
conclusions are the kinds of accomplished results of the activity in
taking the steps under "What one needs to know." The researcher
never puts the specific answer in these conclusions, because then
there would have been no need for the step. Instead, that fact or
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object probably would have been a basic assumption in the prefa-
tory material. The conclusions matching the items or steps in the
first subproblem are "1. A list of available score cards; 2.
Criteria by which to judge them; and 3. A sele:ted score card.' It
should be noted that there are no statements of things to do in this
final columnonly accomplished facts in kind, not specifically
stated. Also the Conclusions column reads logically from top to
bottom, as should all of the columns if logically done.

Next let us follow the first item one needs to know, across to its
conclusions, Under "B. Where will I find ii?," it can be seen that
the researcher has some 14 specific texts, score cards, or sources.
These have all been read, abstracted, and noted on his card index
file. This is called gleaning and is mentioned in "C. How will I
find it?," and "D. The organization and analysis of the data."
Finally, the first conclusion under column E is "an alphabetical
list of available score cards with source, cost, and uses." Thus,
the researcher has gone logically from a need for score cards to
their location and final listing and description in an orderly
manner.

For each item the researcher needs to know, there is described
in detail exactly what he needs; where it may be obtained; how it
will be obtained; how it will be organized, analyzed, or used; and
the expected type of conclusion. A close scrutiny of the elaborate
analysis will reveal that every step taken from conception to con-
clusion of the entire problem is explained in logical order. This
further reveals that the researcher has read pointedly and critic-
ally, and has evolved a "blueprint" or master plan which will
guide him continuously, step by step, until the ultimate solution
is reached. Thus, a problem that is well planned is already on its
way to solution before any further steps are taken.

No one can foresee every possible incident, misadventure, or
obstacle that the researcher may meet in his progress. However,
the more thorough his preliminary reading and outlining, the less
the unknown, unexpected, and unforeseeable will be encountered.
Neither can, or should, he list each minutest detail in his outline.
For example, just giving a needed statistical formula for a re-
vealed need is adequate, as the bibliography will contain the
Ftatistical source to refer to for the explanation and interpretation
of statistical processes.
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The reader has been guided down column 4 of what one needs
to know, and across the first row, "I. What score cards are a vail-
able?" Each row should be read through from left to right and
consecutively from top to bottom in the "Horizontal Analysis," so
that the reader may realize how this plan guides the researcher
through his study. It would likewise reveal to another researcher
or his committee that the problem can be done. As a carpenter
follows the architect's plans, the researcher follows his blueprint.

While the researcher is in the process of planning his problem,
this horizontal analysis technique would seem to the writer to be
indispensable. After the outline is satisfactory to the candidate
and is approved by his chairman, the plan might well be written
vertically in paragraph form in single page style. To do this, the
researcher merely indicates his subproblems, one at a time, and
vertically enumerates, one at a time, each item he needs to know;
where he will get it; how he will get it; the organization analysis,
and utilization; and the type of conclusion or conclusions. When
each item has thus been outlined in order for the first subproblem,
the next subproblem is stated and the items continued in order
as above.

The weakest point in a horizontal analysis will usually be the
Organization and Analysis column, This column readily reveals
the researcher's lack of logic and failure to read in depth and in
breadth. He must know and tell specifically how he will organize
and analyze the facts, items, or data needed to arrive at the con
eluding statement in the last column.

He should not say "I will tabulate"; "I will develop"; "I will
organize." He should say how and under what categories or steps,
as the case may be, the data will be processed and analyzed.

Two other 'problems of a distinctly different type are here out-
lined as far as the subproblems and the steps for each. These
sample problems consist of first, "Steps in Constructing a Per-
formance Test," and second, "Steps in Constructing a Written
Test." Only the basic outlines are given. These outlines may
serve as the bases for the development of a horizontal analysis.

Steps In Constructing a Performance Test
Subproblem 1: Now Shall the Test hems De Determined?

1. Determine purpose of test
2. Analyze ability to be mesoured
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3. Determine criteria for test item selection
4. Select experimental items
5. Select criterion measure(s)

Subproblem 11: Now Shall the Test Events Pe Administered?
6. Construct record form(s) and directions for administering and

scoring items and criterion measure(s)
7. Obtain equipment and facilities necessary
8. Conduct a pilot study in item administration
9. Revise items, forms, and directions

10. Select sample of subjects
11. Administer experimental test items and criterion measure(s)

Subproblem Ill: Now Shall the Data Be Tread Statistically?
12. Score test items and criterion measure(s)
13. Analyze test and criterion measure(s)
14. Combine items and obtain multiple correlation with criterion
15. Compute regression equations or sum Tscorca
16. Compute norms
17. Make up test manual

Steps In Constructing a Written Test
Subproblem 1: Now Shall Me Test Areas and Items Be Selected and
Preliminary Test Set Up?

1. Determine purpose of test
2. Establish curricular validity for areas and items
3. Set tip table of specifications
4. Set up criteria for good test items
5. Construct test items
6. Construct preliminary teat
7. Set up scoring device or key
8. Set up format and directions for test and scoring device

Subproblem II: How Shall the Preliminary Test Be Administered?
9. Conduct pilot study in administration of test

10. Revise test directions and scoring device in light of pilot study
11. Select sample of settees
12. Administer preliminary test

Subprobkm III: Flows Shall the Final Test Re Determined?
13. Anslyze preliminary multi-difficulty and discrimination of items
14. Revise test in light of test results
15. Select sample of testees
16. Administer final test results
17. Analyze final test
18. Rele final test in light of analysis
19. Set up norms
20. Make up test manual
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For the first subproblem, on obtaining background and deter.
mining items, the sources are authorities, books, and dissertations
on the subject to provide the knowledge of what one is to work
for and with what.

The second subproblem is concerned with administering the
test items to subjects to obtain the necessary raw data. The source
is the group of subjects taking the test items and the purpose is to
obtain necessary raw data.

Finally, the third subproblem is the statistical analysis, interpre
Cation of data, and writing up the research. The source is the raw
data treated statistically, and the result is the selected test, its
norms, etc.

Roughly, authorities, subjects, and statistics comprise the three
subproblems in rather cleancut delimitations. Next, it is necessary
to know for every item (a) the specific source or sources for such
information or objects; (b) exactly kw to obtain such necessities;
(c) the detailed techniques and procedures for organizing, anal) s.
ing, and utilizing these facts or objects after they are obtained;
and (d) finally, the type of conclusion which might be expected
out of this manipulation or use. Each subproblem will be resolved
within its own scope and its solution will be necessary to the sue
ceeding subproblem or subproblems. At the conclusion of the final
subproblem, the solution to the original problem will have been
accomplished.

A helpful exercise for the person interested it research might
well be to attempt to get the necessary background from the litera
lure and work out the complete analysis for one of these suggested
problems.
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CHAPTER 4

Populations and Samples

FRANCIS 2. CUMIIII
CHISTIR W. HARRIS, CONSULTANT

TAKING A SAMPLE PROM SOME WHOLE (AGGREGATE, POPULATION)
is not a new concept or practice. ft has probably been practiced
in one form or another since life existed. The cook in her kitchen
tastes (samples) by a spoonful her wellstirred pot of beef stew
(population). A potential purchaser may ask for a sample from a
bolt (population) of cloth. A student in college may ask several
of her friends (sample) out of a list of all her friends (popula
lion) their opinions on a certain matter. A telephone company
may '.heck a certain number (sample) of its employees (popula
lion) relative to the efficiency of their service. Or, the telephone
company might ask what proportion of their telephone poles are
in need of repair in 1,000 miles of telephone poles (population).
By some specified plan the officials of this company might select
a specified number of poles (sample) to get an estimate of this
proportion.

A state or national conservation department might select cer.
lain plots or areas (sample) containing pine trees to determine the
proportion of all pine trees in a particular forest (population)
containing a lisease, The laboratory technician takes a drop of
blood (sample) to ascertain the composition of all the blood (pop.
elation) in a particular individual. A physical education teacher
will sample three baseball distance throws for a student rather

rt
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than measuring all throws (population) that the student could
make in a certain period of time. And so, one could proceed ad
infinitum to enumerate examples of some form of sampling. The
point to be made, however, is that sampling simply means selecting
some relatively small number of items, individuals, objects, ot
the like in order that something may be found out about the
population.

The reader can readily recognize the hopelessly formidable task
of examining completely the populations listed above. By the time
every unit of some populations could be examined, studied, and
summarized, the information would probably be out of date and
useless. The number of such investigations that could be under.
taken would be limited not only because of the time involved but
also because of the cost of undertaking such a task. Some short.
cuts are needed if information is to be made available in time to
be of value and at a cost that can be borne. In all branches of
science, some economy is urgently needed in assimilating, inter.
preting, and understanding the results, if knowledge is to be ad.
vaned at some rate other than the pace of a snail. Reducing the
number of observations that need to be made allows more time
and effort to be devoted to securing more information from one
investigation.

The use of a sample to study phenomena has been, and is yet in
some circles, v!twed with some suspicion and skepticism. Perhaps
such skepticism is caused, on the one hand, by being led to wrong
conclusions through the use of carelessly applied sampling meth.
ods On the other hand, skepticism may in part be a hesitancy to
learn and adopt newer methods. But, wrong conclusions may
result also from a study of the population if care is not exercised
in processing the data. Many sources of error are possible in basic
data. if them sources of error ate not carefully controlled, the
results from studying all units may be grossly misleading. The
reader probably is painfully aware of the errors that can be made
in adding a column of figures. Handling large masses of data
increases the danger of errors in tabulation and calculation. Even
calculators have to have the correct keys punched. Fatigue frost
handling large masses of data may result in careless punching of
keys. These sources of error can more effectively be controlled
when smaller numbers are used. In summary, then, there seem
to be at least four major advantages in using proper sampling
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methods: less expense; more speed in processing data and present.
ing results; feasibility of securing more information from one
investigation; and more accuracy, with known precision which
may be specified in advance and calculated from the sample itself.

SAMPLII THEORY AND PROCEDURES
Sampling theory and procedures have made great advances in

the last few years. One may note that the selected references at
the end of this chapter are dated since 1949. In no way is the
brevity of the bibliography to be taken as an indication of the lack
of vigor on the part of mathematical statisticians in attacking the
problems involved in sampling, since the volume of material
written on the subject also has increased rapidly in the last decade.
Many of the rapid advances have come as the statistician worked
on problems arising in large scale surveys. The purpose of the
sampling theory so developed has been to make sampling more
efficient. In other words, the problem has been one of finding
methods of selecting samples and methods of estimating popula-
tion values that are precise and at a minimum cost.

The joint procedure of selection and estimation are spoken of
as the sampling design. Adequate planning of the sampling design
is fundamental not only in surveys but also in experimental
studies. Perhaps it is axiomatic to say that investigations can be
no better than the sampling design.

In spite of the rapid advances that have been made in recent
years, Stephan (13) points out that much remains to be done. It
seems reasonable to suspect that many more refinements will be
developed in the future. Certainly one should be on the alert for
refinements in present practices and for the development of new
theory. To the student with limited mathematical training, the
elegance with which the mathematical statisticians present theory
is indeed awe inspiring, if not frightening. To the prospective re-
searcher this should not be grounds for utter despair. Fortunately,
some of the newer statistics texts (such as reference 14, for ex-
ample) have presented material in such a way that one is intro.
duced without extensive mathematical treatment to sampling
theory, and some of the concepts that help in understanding the
theory. Moreover, rather detailed texts (1, 6, 7, 15) are available
which help with the application of sampling techniques. At the
outset of any investigation, the beginning researcher should con-



T4 RESEARCH METHODS

suit an authority who has had experience in planning sampling
designs. Many decisions must be made prior to the collection of
data if the investigation is to be more than an exercise in juggling
figures or practice in computational procedures. The point cannot
be overemphasized that utmost care is essential in the planning
stages of an investigation. Cochran (2) has strongly stressed this
point in a good discussion on salvaging data. A salvaging process
would not be necessary if the proper precautions were taken prior
to selecting a sample.

On the next few pages will be summarized some of the pro-
cedures of sampling. In no way should this presentation be used
to supplant the discussion in the texts referred to above. Rather,
it is hoped that this presentation will introduce some of the prin.
ciples of sampling and their applications to investigations in
health, physical education, and recreation. It is hoped that this
presentation will aid the reader in understanding some of the more
technical presentations as well as point out precautions that should
be taken. The student may wish to consult references 2 and 7
(Vol. 1, chs. 1.3), 8, 9, and 12 for additional overviews of sam-
pling procedures and their application. Terminology used in
sampling will be clarified as the terms arise.

Perhaps one of the first terms which needs clarification is the
term opulotion or universe as it is referred to in several texts. As
may be seen by the examples in the first paragraph of this chapter,
the concept of "population" as used there is different from the
popular noti.n that "population" refers only to individuals. As
used in statistics, population refers to the entire group (all units)
having some common characteristic. These units may be objects,
materials, individuals, attributes, deeds, organisms, animals, et
cetera. The number of units in a population may ht small or
large, finite or infinite. In practice, populations from which
samples are drawn for study are in actuality all [mite. It would
be impossible to select a sample of pine trees from an infinite
population of pine trees. An infinite population of pine trees
actually does not exist. Such a population exists only as a concept
which envisages all pine trees that have existed in the past, all
existing pine trees now, and all pine trees that will exist in tho
future. The reason for which the sample is selected will determine
whether the concept of an infinite population is assumed, however,
even though in practice one can select a sample only from a finite
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population. To understand this statement more thoroughly, it will
be necessary to examine the two theories of sampling.

Theories of sampling deal with two problems: enumeration and
analysis. The enumerative problem deals with the composition of
the population as it is. There is no concern for why the population
is this way. The enumerative problem, then, may well be based on
a finite population. On the other hand, the analytic problem deals
with the cause system of the population. There is concern for why
the population is the way it is. An interest in how the population
got to be as it is, in order that future populations can be predicted
and regulated, must be concerned with the population in the past,
the present, and the future. Consequently, analysis theory assumes
an infinite population. It is also easy to see that even a complete
count of the present population would be only a sample of the
result of the cause system. Older sampling theories were based on
the concept of an infinite population. In general, enumeration
theory presented in recent years has been based on a finite popula-
tion. Care should be exercised, therefore, that formulas used for
estimation are those appropriate to the sampling theory applied.
For a more thorough discussion of the distinction between enum-
erative and analytic studies, the reader should see Deming (6:
247-61).

Yet another comment should be made obout the sample and
its relation to the population. Several of the examples, i.e., the
spoonful of beef stew, the sample from the bolt of cloth, and the
drop of blood, are only one unit or one "chunk" from the total.
It seems reasonable to assume that the units which make up the
total population in these instances are fairly uniform. If the
assumption of uniformity is correct, the problem of securing a
"good" sample does not seem to exiA. But, the other examples,
i.e., the opinion of friends, the efficiency of employees in a tele-
phone company, the state of rep-Air of telephone poles, the extent
of disease in pine trees, and the distance a baseball may he thrown
are known to vary considerably. Variability is marked among
unite in many populations. It is in these instances when considera-
tions of a "good" sample are of extreme importance.

SECURING A GOOD SAMPLE
What then, are some considerations in securing a "good"

sample in an investigation in health, physical education, and
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recreation? Obviously, one of the first questions to be asked is,
What is to be investigated? About what is information needed?
Is the information to be used only for the sample used in the
investigation, or is the information to be used to infer some gen-
eral result for a larger group? If the question is one of knowing
what is the average distance a baseball can be thrown by a tenth
grader in High School X or the average speed with which a sixth
grader can run a 50-yard dash in Elementary School Y, then the
question of sampling is not too important. Naturally the answer
is to measure, by the best measurement techniques known, all
members of the tenth grade in High School X and all members of
the sixth grade in Elementary School Y on the baseball throw and
the 50-yard dash respectively. Taking measurements on all mem.
bers in the two classes, particularly if the numbers do not run to
100 or more, and computing the mean (X) for each group is the
thing to do. But herein lie some real mistakes in experimentation
and statistical inferences that logic cannot condone. All students
in the tenth grade of High School X and all students in the sixth
grade of Elementary School Y are not to be interpreted as typical
(representative) of all tenth and sixth graders, respectively, in the
United States or in the world. In the question posed, the popula-
tion is the tenth and sixth grade classes respectively in High School
X and Elementary School Y. A census of the population has been
taken and no further generalization can be made.

Researchers and users of research should adhere strictly to the
following rule: the results of data from any sample may not be
generalized outside the population from which the sample is taken.

If, on the other hand, the physical education teacher asks about
the average distance a tenth grader could throw a baseball and
the average time it took a sixth grader to run the 50-yard dash in
some particular state, or even in the United States, then the ques-
tion of sampling becomes important. The problem of measuring
all tenth and sixth graders in the state or the country is impracti-
cal. By tilt time such measurements could be made and tabulated,
and appropriate calculations made, the chances are that the tenth
graders would be twelfth graders and the sixth graders would be
eighth graders. The practical thing to do would be to select a
sample from the state or nation and use the sample to estimate the
average for these populations.



POPULATION AND SAMPLES 77

Many things should be taken into consideration before making
a selection of the sample suggested above. Any condition that
might influence the performance of tenth and sixth graders, re-
spectively, on the throw and dash should be considered. Such
things as the size of the schools, the presence or absence of a
physical education teacher, the socio-economic background of
students, and others should probably be reviewed. These condi-
tions are not examined, however, to serve as a basis for selecting
a sample that is a "little replica" of the population. It is ex
tremely unlikely that a sample will be a "little replica" of the
population. If such were the case; the mean of the sample would
be exactly the mean of the population and the problem would be
solved. Rather, thase conditions are examined to help in design-
ing the study so as to reduce the error from sampling.

Suppose such a sample is selected. This situation should be
observed more closely. The mean, symbolized by X,1 which is
calculated from this sample, will be known. But the concern hare
is to get at the tree value for the population which is unknown.
How is the researcher to bridge this uncertainty? How may he
have any assurance that the sample mean is even near the mean
of the population? The precautions taken to see that all groups
in the population are considered is not enough to complete the
answer. He still cannot be certain that the mean of this sample is
the true mean of the population. Is there any way to span this gap?

Probability theory has taught much in this area. The simple
random sample drawn in this example is a "chance" sample. If
another random (chance) sample of the same size (number) from
the same population were drawn, it very likely would have a
different mean (X) and a different standard deviation (s).2 If
sample after sample were selected in this manner until all such
samples possible were taken,' one could make a frequency dis-
tribution for the mean of each sample. Such a distribution is a

'The student ,hoard be cautioned that symbol's used in formulas vary considerably
from text to text. All precautions should be taken to determine what system of
symbols is used by the author. In this chapter, symbols are in parentheses immedi
ately following the term. Tables also have a column for symbols and formulas.

'The student is no doubt familiar with the term standard deviation. It is used to
describe the variation of the measures in a sample. A particular point is made of the
terminology here because It is to be contrasted with a similar statistic applied to a
different type distribution.

'It is possible to know how many such samples are possible. This is to be discussed
later.
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sampling distribution of means; it is a distribution of a statistic.'
From the sampling distribution one could determine how the
sample means have varied.

Again, the reader is reminded that these are "chance" means;
they are the result of drawing sample after sample of specified
number from a population by a random method in such a way
that the "chance" or probability of an individual being included
in the sample is known. In simple random sampling, each possible
combination of specified size has an equal chance of being inclu-
ded. But, rather than denoting the variability of the means in the
sampling distribution by the term "standard deviation" (s), the
variability is der.oted by the term standard error (est. au)i.e.,
the means have distributed themselves by so much sampling error.

Selecting sample after sample in the manner described above in
order that the unknown true value for the population may be
determined again is not practical. Is there no solution? Fortu-
nately there is. If the sample has been drawn by a random method
so that each combination of randomly selected units has an equal
chance of being selected, then some span across this gap between
the known and the unknown is possible. Statisticians have shown
how the sampling distribution (probability distribution) can be
constructed. They have presented formulas by which standard
errors of the sampling distribution may be estimated. Thus it is
possible to usefully approximate what means are possible as well
as the chances of these means occurring. This estimate of the
standard error (est. all) of the mean may be computed from data
for the sample itself, provided the sample is a probability sample.

In practice it is known and can be demonstrated that the mean
tends to have a sampling distribution that is normal.° If the
sampling distribution is normal, then statements may be made
about the population mean with a specified probability of being
correct. In other words, the researcher knows mathematically
what to expect from the probability distribution. A confidence

'A statistic is a summary of some group character of the sample. Group characters
from samples are means, standard deviations, etc.

`How close the sampling distribution of the means comes to the normal distribution
depends upon: (a) the distribution of the trait in the population; (b) the size of the
sample; and (c) the design of the sample. If there Is some reason to suspect that
the sampling distribution Is not normal, then another distribution should be sought.
Most of the newer statistics books discuss the sampling distributions moat commonly
found in practice, Indicate the conditions under which they may be anticipated, and
give the appropriate probability tables to use.
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interval with upper and lower limits is calculated. Then, from the
probability distribution, he may make the statement that so many
times out of 100 the true mean will be between these two values.
The confidence interval, based on statistical theory, is the only
span across the gap from the known sample mean to the unknown
population mean. These confidence intervals are determined using
the proper estimates of the standard error. An estimation of the
standard error may be calculated validly if a probability sample
has been selected. Thus, the deviation of the sample mean from
the truo mean of the population may be known with specified
degrees of confidence only if a probability sample has been used.

METHODS OF SELECTING A SAMPLE
Quite logically, then, the next question seems to be: 'How may a

probability sample be secured? The different probability sam.
piing designs are to be discussed in a later section. This section
will be devoted to methods of selecting a sample.

A requirement is that every distinct sample of a given size has
a known chance of being drawn. Consider this question: How
many different samples of size 2 can he draWn from a population
of 10? In order to answer this question, it is necessary to specify
how each sample will be drawn. Let us agree that we will draw
the first member of the sample at random (a term which will be
discussed below) from the 10, and that we will draw the second
member of the sample at random from the remaining 9. This is
random sampling without replacement. If we do this, we can deter.
mine the number of distinct samples and we will find that each such
sample has an equal chance of being drawn.

Students have probably seen the formula
(NI NI--

n / =Nen n!(Nn)!
for the combination of N things taken n at a time., But, as a review
here, the formula will give the number of such samples that can
be drawn. The reader may wish to review the use of this formula
in Coc:.:an (1:11.12) and Walker and Lev (14:18.19). The
Walker and Lev reference also explains the use of the factorial

symbol, "I". In this example, then: 1:1

10X9 X8X1X#X$X4X3X2X1 or 10 X 9 9° or .5(2X1) $X1>:-TX0XiX$X2X1. 2X1 2'
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such samples that can be urawn. The person who wants to make
an application of some of the sampling techniques does not have
to work out a combinatorial formula such as the one listed here.
It is given only as an illustration.

In the simple random sample design, a consequence is that every
individual in the population has the same chance to be selected
in the sample. As a simple example, suppose that the number of
individuals in a population is 10 (N =10). Suppose further that
a sample of size 2 (n = 2) is to be drawn from the population.
If the number of units in the sample (n) is divided by the number
of units in the population (N), then the probability of each unit
being drawn into the sample is known. In the example, 2/10 = .20,
or an individual has a 20 percent chance of being included in the
sample. The formula n/N, then, is actually the sampling ratio or
the sampling fraction. This ratio gives the probability of any
individual being included in a simple random sample of specified
size.

How does one select or draw a single random sample? The ten
names of the individuals in the population could be put on ten tags
of equal size and the same surface. These could then be placed
in a bowl and well shaken. If somehow one of the tags sticks to
another tag, then an equal chance for the ten tags is no longer
present. But if no such condition occurred, a blindfolded person
could select two tags from the bowl. These two tags would be the
sample. If, after the first tag is drawn in this manner, it is returned
to the bowl, then we have sampling with replacement. Such a pro-
cedure would in essence create an infinite population. The prob-
ability of each tag being selected would then be the same at every
draw. However, if the tag is not returned, then we have sampling
without replacement, and the remaining nine tags do not have the
same chance of entering the given sample as did the first one
drawn. At the first draw, the probability of any tag being drawn
was 2/10 or 1/5. But, with a sample of size 2, there remains only
one draw. Hence, the probability of each tag remaining in the
bowl is 1/9. In practice, sampling with replacement is rarely
practiced.

Actually, sampling from a bowl seems to be needlessly labori-
ous. Perhaps the easiest way is by use of a table of random num-
hers. The first prerequisite is to prepare a list (called a frame) of



POPULATION AND SAMPLES 111

all units in the population. This is quite often done by alphabeti-
cal order when the population is made up of individuals. A clear
description of the use of tables of random numbers may be found
in Walker and Lev (14: 126-27). The description will not be
repeated here. The reader may wish to review this reference
before going on to other sections of this chapter. Certainly a re-
view of this description, or a review of the discussion of the use
of tables of random numbers in other statistics books, should be
made before trying to select a random sample.

How is one to know that a sample of size 2 in the illustration
is large enough to give us the precision desired? Much work has
been done on the problem of sample size in relation to some speci-
fied cost or some specified precision in sample surveys. Formulas
developed depend upon some previous knowledge of the popula-
tion. Tiiese formulas are discussed in several places (1, 4, 6, 7,
15) for the estimation of sample size prior to sampling on the
basis of some expected outcome of the survey. These formulas
will not be duplicated here, since it is believed that the space
might be devoted more profitably to a consideration of the more
common sampling dtlsigns.°

Since the readers of this book are probably concerned with the
size of the sample in experiments and hence the necessity of using
the appropriate small or large sample techniques, perhaps some
"rule-of-thumb" answer should be given. Authorities rather gen-
erally agree that if a sample has 30 or 40 units, then for all prac-
tical purposes the sample may be considered a large sample. One
should be cautioned, however, that the distribution of the trait in
the population should be considered in determining sample size.
If the trait is highly skewed in the population, a larger sample is
needed.

Perhaps it might be more profitable, after the rule of thumb
given above, to consider the size of sample in its relation to in-
creasing the precision of the estimated standard error (est. am),
the bridge between the known sample value and the unknown
population value. Decreasing the estimated standard error in-
creases the precision of the estimate. Kish (9:175.239) has indi-
cated that the only way to decrease the est. au is to increase some-
thing. One way to increase the precision is to take a larger sample.

'As may be recalled, selection and estimation are referred to as the sampling design.
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This, however, is not the only way to reduce the estimated
standard error. The different sampling designs have been devised
to help with the problem of more precise estimates. The next
section will be devoted to an illustration of some of these sampling
designs. The illustrations use real data, taken from a defined
population. Since it is felt that the reader will gain much insight
by actually following through the calculations in these illustra-
tions, appropriate formulas for estimation are given as well as
enough summary data.

SAMPLING DESIGNS
Three of the more common sampling designs are to be illus-

trated below using data' from a population for which the param-
etera8 are known. The examples to be given are illustrations of
survey sampling. Since great strides in sampling techniques have
been made in survey sampling, the developments will be presented
in this context. It is hoped that having a complete counta census
against which to compare the precision of the various designs
will be of benefit to the reader.

All children, boys and girls, in special classes for the mentally
retarded in Madison and Milwaukee were given several motor
skills tests. The age, height, weight, and IQ of each of these chil-
dren were recorded. In order that the discussion may be kept
brief, only the population of girls and only certain of the measures
will be used. The population, then, is of the 103 girls (N = 103),
chronological ages 8 through 14 years, in 13 schools in Madison
and Milwaukee. It is a finite population.

PROBABILITY SAMPLES
Simple Random Sampling. Two samples, one of size 10 (n= 10)
and one of size 40 (n = 40), will be selected to illustrate some

'The author is indebted to Professors Robert J. Francis and C. Lawrence Rarick
for use of these data. Financial support for the project, "Motor Characteristics of
the Mentally Retarded," was provided by funds from the U. S. Department of Health,
Education, and Welfare, Contract No. 484.2259.

`Parameters are referred to by statisticians as population values. In this instance,
the summary of the population values such as the mean and standard deviation are
parameters. This should not be confused with the summary values for a sample,
referred to earlier as a statistic.
Population values are

Dash Mean 04 St-ndard Deviation (0)
Weight 5.90 1.77
IQ 84.78 26.01

67.31 7.44
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points to be made about this sampling design. Suppose that the
interest is one of knowing the average weight, the average IQ, or
the average speed with which these girls can run 30 yards after a
5yard start. Prior to making the selection, all 103 girls in the
population were arranged in a list (frame) by chronological age
given in months. Each sampling unit (person) was assigned a
number in order from one through 103. It was decided that the
table of random numbers in Walker lnd Lev (14:484-85) would
be used, entering block one, line one, and reading downward until
10 units were chosen. Since if ,3 is a threedigit number, the first
three columns in block one were used. The numbers drawn into
this sample, without replacement, were 94, 103, 71, 23, 10, 70,
24, 7, 53, 5. A summary of the raw scores on the run, weight,
and IQ may be found in Table 1.

TABLE 1.SUMMARY OF SCORES FOR SAMPLE OF SIZE 10

Statistic Symbols 30-yd. Daab M'eight IQ

Sum of scores. ...._ ........ ___ EX 60.70 764 671
Sum of squared scores EX' 392.81 61,584 45,291

Mean of scores X 6.07 76.40 67.10
Variance of scores s' 2.71 357.16 29.66
Standard deviation of scores s 1.65 18.90 5.45

Means for each of the three tests were calculated by summing
each of the ten scores and dividing by 10 (X = EX/n.) These
sample means are estimations of the averages for the population
on the dash, weight, and IQ.' How may the gap between the known
sample means and the unknown population means be bridged?
In Table 1 will be found thr, variance (s2)10 and the standard
deviation (s) of each of the three measures. Statisticians have
shown how the data from a sample may be used to estimate the
variance of a sampling distribution of all means that would occur
if all possible simple random samples of the same size were drawn.
Once the estimated variance (est. cr2)is determined, the re-

'if the reader follows through with the calculatios, some slight difference in
answers may be obtained because of c difference In rlunding of numbers.

"The variance for each of the items was calculated using raw scores with n 1 In
the divisor, Fcrmulas for calculating variance (the variability of the characteristic
under consideration in the sample) and standard deviation by either raw scores or
deviation scores may be found in most statistics texts. After the variance (a') is
known, one has only to take its square root to determine the standard deviation (s)
or s= V?.
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searcher has only to take the square root of the variance to get
the estimated standard error (est. crix) of the sampling distribu-
tion. As indicated earlier, the estimated standard error of the
mean from the sampling distribution is the bridge from the known
to the unknown.

In general, the formula for estimating the variance to be
pected in the sampling distribution is: s' /n." In other words, the
sample variance is divided by the size of the sample. (Since a'
is calculated by the use of n-1 in the divisor, this formula does
not have n-1 as the divisor for the estimated variance of the
mean as may be seen in some texts.) However, the sample in this
illustration has been drawn from a finite population without
replacement. If the "sample," in actuality, had taken all units in
the population, then the sampling fraction would be one (n/N=
103/103). But only a proportion of that population (10/103)
was taken. If the sampling fraction is subtracted from one, then
a correction is made for the proportion of the population not in-
cluded in the sample. The estimated variance must be multiplied
by the finite population. correction, 1n/N," in order that a cor-
rection be made for not including all units in the population.
The formula with the factor for the finite population correction is
(1 fpc) e/n.

In the example used here, n/N = 10/103. Onefpc=1
10/103. The correction for this example, then, is (1-10/103)
=93/103. This fraction is equal to .902. From Table 1 the
appropriate values may be substituted in the formula and the
estimated variance of the sampling distribution of means calcu-
lated. The (1 fpc)s2 /n for the dash is .902X2.71/10=.2441;
for weight is .902 X 357.16/10 = 32.22; and for IQ is .902 X
29.66/10 = 2.68. It is an easy step now to calculate the standard
error of the mean, since one has only to take the square root of
these values. (This quantity is the estimate of the standard error

"Estimation of th4 standard error of a mean is given by the formula, s/Vn,
Vs' /n. Thus, the estimation may be done from the sample standard deviation. It is
readily seen that the quartity under the radical is s' /n, the formula for the estimated
tarfance.

"The finite population correction (I fpc) may be seen in mme texts at written
here; in others the factor may appear as (1 0 ; yet in others it may be combined
with the "n" in the quantity si/n and appears as N n/Nn so. In many studies the
fpc may be ignored if the size of the sample is an ill in relation to the size of the
population. Cochran (1) suggests that fpc may be ignored if the n/N factor is no
greater than 5 percent. The correction will be used in the illustrations in this chapter.
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of the mean. It is the error one expects from sampling.) The

standard errors are: the dash, V.2441 = .49 seconds; for weight,
\/32.22 = 5.68 pounds; and for IQ, \/2.68 = 1.64 points.

It is now possible to make some statement about the unknown
population parameter and to make the statement with a probabil-
ity of being correct by a specified amount. The estimated standard
error has given informatior about the distance the means in the
sampling distribution have fluctuated. Since the sampling dis-
tribution is a probability distribution, it is possible to determine
the range within which these means will be found, say, 95 times
in 100. An appropriate probability table" may be used to deter-
mine the number of standard errors above and below the mean
that will include 95 percent of the means in the sampling distribu-
lion. The probability table of the t distribution in Walker and
Lev (14:465) is such a table. It is the appropriate table to use
when the sample is small. Under the column marked "t97 f,"
(the column to use in establishing the 95 percent confidence limits)
and across from the n =9, (n --1 degrees of freedom), a value
of 2.26 is found. Then, 2.26 standard errors above and below the
obtained mean of the sample would establish confidence limits for
the popular; In mean. One would expect the mean of the popula-
tion to be within these confidence limits 95 times out of 100. Five
times out of 100, the true population mean would be outside these
confidence limits. For the dash, for example, the true mean of the
population would be 6.07 ± 2.26 (.49), or between 4.96 and
7.18 with a 95 percent probability of being correct. It may be
noted that the mean of the population (se,. footnote 8, p. 82) is
5.90. Thus, the true mean (z) is within the confidence limits. The
reader may calculate confidence limits for weight and IQ and
check to see whether the population mean is within the confidence
limits.

A band, for the mean of the population, however, from 4.96 to
7.18 seconds seems rather wide for such an event as the 30yard
dash. Is there any way in which the standard error may he nar
rowed? The formula for estimation of the standard error (s/0i)

*Ordinarily the tables wed are the ttormal probability tablet tech as may Fe fovea
fa Walker sal Let (14:45647). Vroally the aortal probability table is vied "hew
the sample is of she 30 ee target. This is the table that ladieates that 1.46 staadard
errors are to be seed to establish 9S pereeat eosfideeee
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in simple random sampling gives the clue. If the number (n) in
the sample is increased, then the estimated standard error should
decrease. To illustrate this point, another independent sample of
size 40, n=40, has been drown from the same population. A

summary of the results is given in Table 2.
For this sample of size 40, the sampling ratio is 40/103. The

(pe is 1fpc = 1-40/103, or .611. The reader may be inter-
ested to iota that the sample means of the dash and weight for the
sample of size 40 are closer to the population values then the
sample of size 10. It is also interesting to note that the est. am
for all three measures has been reduced. The mean for the IQ of,
the sample of site 10 is closer to the mean of the population dun
the mean of the sample of tire 40. But, the est. o for IQ of the
sample of size 40 is tenant than for the sample of size 10. The

TABLE 2.SUMMARY OF SCORES FOR SIMPLE RANDOM SAMPLE, SIZE 40

Statistic Formula 10-yd. flail. WORM -14

Sum of raw scores X X 230.10 '670.00 2,632.00

Sum of squared
scores XX' 1,371.55 34(1,218,4 175,366.00

Sample mean ..X 575 90.50 1 6580

Sample variance XX' Rtx 124 9Ari.9S SS.91

n -1

Sample standard
deviation $ = V-s; 1.11 :1.46 7.48

Estimated saw
plmg variatsre eat. n.' = (1 fpc)ri/n .19 15.14 1.40

&limo stand.
AA eat. = Vest. en' .43 3.919 1.18

95 percent confidence interval for the simple of 5i73 10 ranges
from 63.39 to 70.81; the sample of size 40 ranges from 63.49 to
6811." It may readily be seen that the range has been decreased
by using the larger number. It is also interesting to note that the
population mean (see footnote 8, p. 82) is within she confidence
limits set.

One further comment should be made before leavirg the simple
random sampling discussion and moving on to other sampling

"ft shorts be rensernbered that the t table in Welter and Ito (14:465) is
appropriate for ioe with the sample of site !A. The normal probability table in
Wart an/ Lee (14:456-57) was nod lot the sample of are 40.
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designs. The effect of increasing the size of "n" has been demon.
strated as one way to decrease the size of the standard error.
There is yet another quantity in the formula On that should be
considered in relation to the size of the sample selected. The
value substituted in the formula for s' is taken from the variance
of the sample. Therefore, if the variability of the characteristic
is known to be large from age level to age level, or by whatever
characteristic the population is classified (stratified), then the
sample should be larger than if the variability is small. It is in
these instances that different sampling designs are effective. It is
possible to design (select and estimate) a sample that more ade-
quately takes this difference in variability into account. The
reader should be cautioned, however, that the same methods of
estimation of the standard error will not hold when different de-
signs are used. Other restrictions than the fp are introduced :11
other designs and they must he properly accounted for in the
formulas used.

Stratified Random S)mpling. Stratifying the population will
sometimes incerar,e the precision of the estimated standard error.
Before a sample is drawn, the population is c'ividid into strata by
some characteristic and a random sample is taken from each
stratum. In order that the stratified design may be efficient, the
units in each stratum should be as homogeneous as possible and
have real differences between strata. The stratified sampling de-
sign will show much gain in precision when the characteristic
under observation has some correlation with the characteristic by
whi,h the strata are defined. For instance, chronological age may
be expected to have some relation to weight. Stratifying the popu
lation by age, then, should show gains in precision of the estimated
standard error of the mean for weight.

In the example to fellow, the population of 103 girls is to be
stratified by chronological age. Before selecting the sample, it was
decided that the total sample number should consist of 20 units
(20 individuals chosen from the seven strata-4, 9., 10, 11, 12..
13., and 14year.olds)." While the sample to be chosen is com
posed of 20 people, a reel difference in the method of selection

Mere is se tale am writes that earl age mut be in a satate wales& It Is
possible that some saes, tech II 14 b 111141 9 year4olds, slight be totelisesi is ease
author. naves, foe simplicity...sat age is is be kept is a aepailte stratus lot this
etampta
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is to be encountered with the stratified design. In the two illustra
live simple random samples, the entire sample was chosen before
stopping. Not so in the case of the stratified sample. The "at ran.
dom" feature of selection remains the same, but rather than select.
ing all 20 individuals in one drawing, the 20 individuals are
selected in seven different and independent selections, one random
sample from each stratum.

The question of how many persons shall be used in a stratum
immediately it. apparent. How shall one divide the 20 people to
be selected in the sample among the seven strata? Part of the
answer to this questio.1 lies in the number of people in each
stratum." Sometimes there is no advance information abou, the
number of units in the population in each stratum. In such a case,
some estimation must be made. Sometimes an authority in the
area can give some very useful estimates. Another method would
be to take a simple random pilot survey and estimate the number
in each stratum. In many experintits, however, this does net
present a problem since the sample is usually selected from some
population that is fairly well enumerated.

In the population of 103 girls, the number in each stratum is
known. As may be seen in Table 3, there are 12, 22, 13, 12, 15,
15, and 14 girls respectively in strata one through seen. One
way to determine the number in the sample. for each stratum is to
calculate the proportion of the total population in each stratum."
Take for example the proportion of the total population that is in
stratum one. Here, N./N=12/103, or 12 percent of the total
population is in this stratum. The .12 is the weight of the stratum.
If the total site of the sample (n) is multiplied by the weight of
the stratum (nw,), the number of units to be hoscn for the sample
in that particular stra':um is determined. Since 20 X .12 ----- 2.4,
two people will be randomly selected from the 12 for the sample
in stratum one. The same procedure is followed for each stratum.
The sum of the proportions for each stratum must equal 1.0 or
Ise. = 1. This procedure gives a proportionate stratified sample.
It has an advantage of simpler calculation/1 procedure than other
methods of choosing the number ismpled in each stratum.

"Theory imposts that it a leo strata are greatly aimed (strata that Nip the
win" is ewe direeios) theft all waits is oath wait oboili be 'sect is the staple.
Appropriate formulas ash procedures will be taloa is tatapliag team

rSomethoes the preportioss is mats are deliberately stalk asequal. Theft, the
weight at the stratos out be tied is all calcsistioso.
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There is yet another way in which one may look at the size of
the sample in each stratum when selecting a proportionate strati.
feed sample. The sampling fraction, n/N, will give the proportion
of units to select in each stratum. In this particular evimple,
20/103 = .19, or 19 percent of the number in each stratum
should be selected for the sample. If .19 is multiplied by the
number in each stratum (Na), then the size of sample for each
stratum may be determined. The reader will note that either
procedure will give thli same number for the sample in each
stratum.

Table 3 is presented for purposes of helping the reader become
familiar with the calculational procedures used in stratifica ran.
dom sampling when a proportionate sample has been drawn.
Again, the sample was drawn by selecting a random sample in
each stratum.'

As may be seen in Table 3, means, estimated variances, and
estimated standard errors have been calculated ice each stratum.
The problem now is one of combining the data for each stratum
in some fashion to get the sample mean. With proportionate
sampling, the calculation of the mean for the sample is a simple
matter. The Oita] sum of the sum of scores for each stratunt (see
Table 3, colu nn marked "Total") may be divided by the number
of people in the sample; thus 51." = 1/n (ZX). Means for the
sample on the three items, then, are dash, 114.4/20 = 5.72
seconds; weight, 1678/20 = 83.90 pounds; and IQ 1293/20 =
64.65 points.

If, on the other hand, the number in each stratum had not been
proportionate, each stratum mean would have to be multiplied
by the stratum weight before summing. As an illustration, the
procedure for estimating the sample mean for the dash would
be as follows:

R., = twAhot X., t-- (.12 x 6-SS) + (It X 6.73) + (.13 X 3.70) +
(Al X 3.60) + (.I4 ,( 3131 + (.1.1 x 3.03) + (.13 x 4.97) 3.713

This ifeighied procedure has given the same value as the propor
tionate procedure for the mean, except for rounding errors. The
reader is cautioned that a weighted procedure is necessary in all

The ratite will note la Table 3, as well is it Table 3, that ferrules ate eirem
oaly let the data ea the 30 -yard clads, They ate bee repeated lee lets es weed and
IQ since 11 e same lonaulu apply.

'LI le the ryakbol seed to rotate, the sample gems lot a strait's! make.



TABLE 3.-SUMMARY DATA FOR STRATIFIED SAMPLE
StatIstie Symbols 11 yrs. Ins. I 0 yrs. 11 yrs. II yrs. 1/ yrs. 14 yrs. Total

&allure* number -.
Number in population ...
Stratum weight (NON)
Number to be selected .

Na
ses

nsws

1

IS
1165

2

2
22 1

4135
4

A

13
.1262

3

4
12

.1165
2

S
15

1457
3

6
15

.1457
3

7
14

.1359
3

103
1.00

ee .

Dash
Sure of scores ...._ .
Sum of squared scores
Variance in sample . .

Mean -.....--1
no. variance of V.

Ea. siandard error -_

EX
EX'

1_ }:X,' - Nir..i

131
86.21

.40

653

.15

.40

27.0
135.08

.91

6.75

.18

.43

17.1
47.97

/5
5.70

.07

.26

11.2
63.01

.32

5E0

.13

.36

16.0
8534

2-..

533

.08

.27

15.1
76.13

.09

5.03

.02

15

14.9
74.53

14

4.97

.06

114 40
66830

nl - 1
1

EX,r.s

(1-4est. tie?: it- ) s-
ria,

eat. 'eh = VIT:7;61
%Petal's

Sum of kOttfl .._.--
Sum of squared mores
Variance in sample -.
Meal --
Est. variance of Ya -
Est. standard error _

12301
7,897.00

84.50
62.50
34.05
523

252.00
16,374.00

166.00 1

63.00 I

33.44
5.78

220.00
16,366.0.0

117.20
73.33
31.48

5.61

182.03
17,012.00

430.00
91.00

18131
13.46

33'1.00
39,731.00

1,162.45
111.66
31243

17.67

96S.00
24.45803

/511.78
89.33
69.51
8.49

296.00
29,546.00

171.32
98.66
46.02
6.78

1,678.00
151334.00

Kit
Sum of acorn .--....-... _

Sem of squared scores
Variance in sample ...Mm -

128.00
8,194.00

2.00
64.00

.31

.90

255.00
16,451.00

64.92
6175
13.08
3.62

217.00
15,801.00

52.70
72.33
14.15
3.76

113.00
6,445.00

6030
5610
24,38

4.94

206.00
14,230.00

43.02
68.66
1156
3.40

179.00
10,683.00

193
59.66

.52

.72

195.03
12,639.00

700
65.00

2.86
1.31

1,293.00
84,493.00

Es,. variance of rs ...
Eli. standard mot ..



POPUtATION AND SAMPtlf 11

stratified samples that do not have proportionate subsamples,
i.e., are selfweighting.

The estimated variance of the means of the subsamples may not
be summed as simply as the scores were to determine the mean
of the sample. Each stream estimated variance (est. sze) must
be multiplied by the square of the stratum weight (w,') before
summing. The formula for the sample variance of means in
stratified sampling then, is

est. fit' = Xsts' (est. es.).
Substituting the appropriate values for the dash from the table
into the formula, we have est.m,i' = (.12' X .16) + (.211 X
.18) + (.13' X .07) 4- (.12' X .13) + /014' X .08) +
(.142 X .02) -;- (.13' X .06) = .016270. The standard error is

= v.016273, of .11
The estimated variances and standard errors of the means for
weight and IQ are

est. cif.'
Weight 13.3677 3.66
IQ 1.447 1.20

Again, as in the case of the simple rendom sample, with this infor
mation, confidence limits may be set for the mean of the popu
lation. Further examples will not be given here, but the reader
may wish to set the confidence limits and compare them with the
simple random sample confidence limits.

For the purpose of comparison, suppose we examine the esti.
mated standard errors calculated from the three samples. They
are compiled in Table 4. Note the site of the standard error for
the simple random sample of size 40 and for the stratified sample
of site 20. For the dash, the site of the standard error has notice.
ably been reduced by stratification, even though the stratified
sample has just half as many individuals in the sample. Also for
weight, the standard error is smaller than for the simple random
sample of site 40. Running skill and weight are both correlated
with age, the characteristic by which the strata were defined. In
general, the stratification technique will show gains in precision
if the characteristic under consideration is related to the character.
istic by which the strata are defined. On the other hand, note the
standard error for the mean of the IQ. For all practical purposes,
the standard error for the simple random sample of size 40 and
the stratified sample of size 20 ate the same. Actually one does
not expect the IQ to change as the child grows older. Conte.
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quently one would not expect a gain in precision in estimating the
average IQ from stratification by age.

TABLE 4.SUMMARY OF ESTIMATED STANDARD ERRORS

Type um pl. Dash west IQ

Simple random 10 5.68 1.64
Simple random 40

.49
3.89 1.18

Stratified random 20
.43
.13 3.66 120

Cluster Saw2ling. Individuals are not selected at random in
cluster sampling. Rather, the sampling unit is a "bunch" or
cluster of elements. Quite frequently when the population inhabits
a large area, collecting data from a simple random or stratified
sample results in much time spent in traveling at a considerable
cost. Under such circumstances, the use of a cluster sample may
be considered. Some precision may be lost by cluster sampling,
but time may be gained and cost reduced. The cluster sampling
technique also lends itself well to experimentation in schools
where whole (lasses are taken. The reader must be cautioned,
howeveL, that the practice of taking a "convenient" class does not
come under the heading of "probability sampling." The clusters
mud be chosen at random.

Cluster sampling is different from stratified sampling in );.1
another way. In stratified sampling one attempts to define strata
in such a way that all elements in each stratum are as nearly alike
as possible. In cluster sampling, the more heterogeneity within a
cluster the better.

The researcher does not determine the exact number of people
to be selected in a cluster sample, since the number of people in
the cluster probably cannot be controlled. Very seldom in practice
will one be able to randomly select clusters that have an equal
number of units. The calculations' procedure would be greatly
simplified if such were the case, however.

Let us return again to the population of 103 girls for an illus.
tration of cluster sampling. It was decided that each school would
constitute a cluster. All 13 schools were listed in alphabetical
order and numbered in order from 1 to 13. It was decided that
three clusters would be drawn. A table of random numbers was
used to learn that clusters 4, 7, and 10 should be the sample.
Scores for every individual in each cluster were summed. The
data are summarised in Table S.
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TABLE 5.SUMMARY OF SCORES FOR THE CLUSTER SAMPLE

Number in
Bluster

Average nu
in cluster

For dash
Sum of
Sum of

scores
Mean for

cluster
For weight

Sum of
Sum of

Korea
Mean for

cluster
For IQ

Sum of
Sum of

scores
Mean for

cluster

tie
aserlObee:is

Mous
1 2 A

each....
mber

ni 14.00 15.00 3.00

w, = Wit 1.31 1.41

:ores ..
lusted

MX, 81.50 86.00

.28

17.80

.....
each

EX,' 484.61 501.72 105.70

Xi = EX, /n, 5.82 5.73 5.93

Wei __..
gusted

1,278.00 1,288.00 165.

133,691 115,852.00 9,161.00;TA
91.29 85.87 55.00

'ores ............

quitted
955.00 1,014.00 199.00

65,895. 70,206.00 13,289.00
each

68.21 67.60 66.3.3

Tmel

32.00

It may be noted that the three clusters have 14, 15, and 3 indi
vitguals respectively. When the numbers in each cluster are not
equal, a weighted method of combining the means of each cluster
is used to determine the sample mean. In order to get the weibht
of the mean, however, the average number (n) in each cluster
must be calculated. Let "m" equal the number of clusters in the
sample. ("M" equals the number of clusters in the population.)
Then, if the number (n) of individuals in the sample is divided
by the number of clusters in the sample (n/m = ft), the average
number in each cluster may be ascertained. In this example, the
average number in Pitch cluster is 32/3 = 10.67. Now, if the
number in each cluster (n,) is di tided by the average number
(n), the weight of the cluster is determined (w. = AN. The
weight of each cluster must be multiplied by the mean of each
cluster before the cluster means may be summed and averaged.

This operation is symbolired" as Fc, Supposo the
416slorallirruoimall

11X, Is the symbol to be awl toe the sample meal cf duster sampling. If all
clester means ate named by a weighted (WI) procedure, and divided b7 the
natobe of chows Wm), this arttage h the thistet sample wean.
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appropriate values for the dash arc suktituted in this formula.
Then we have Xe = 1/3 [(5.82 X 1.31) + (5.73 X 1.41) +
(5.93 X .28)] = 5.78. (Other cluster sample means arc weight
= 85.36; IQ = 67.75.)

A comment should be made prior to demonstrating the estinia
lion of the variance and the standard error of the mean. As will be
recalled, a finite population correction (fpe) term was used in the
other samples. It is to be used here also. Since clusters were

drawn rather than individuals, however, the fpc term becomes
m/l1I rather than the n/N as used with the other samples. The
formula for calculating the estimated variance is

to. (1 h1/31) lim [1/(m.1) 33 (II

The student should note that the sample mean (Xe) is subtracted
from each duster mean (Rs) in the formula. This is a different
procedure from that encountered in stratified sampling. Such a
procedure introduces the notion of variance of the means in the
sample.

Now, let us substitute the appropriate Yalues for the dash into
the formula.

(1.3/13) 1/3

.00121M.

Tire estimated standard error is est. hi, = Vest. emet, or .0348.
The estimated variances and standard errors for the other two
measures are

[(1.311 X .041) (I.411 X .051) + (.25 X .151
3 -1 1

Weight

est. to,'
17.0165

.0720

est. to,

4,13
.27

Suppose we compare the estimated standard errors calculated
from the cluster sample with the estimated standard errors from
the simple random and the stratified isinples. Referring to Table
4, the reader will note that the cluster simple estimated standard
errors for the dash and the IQ are smaller than in the other
sampling designs. One does not ordinarily expect cluster sampling
to give a more precise estimate than the simple random or the
stratified design. One expects to lose some precision when using
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the cluster design. Such is the case with the estimated standard
error for weight which was 4.13. As can be seen, the estimated
standard error for weight with a sample of 30 individuals is
larger than the stratified sample with 20 individuals.

Again, confidence limits for the true mean may be calculated.
The reader will discover that the mean of the population for the
dash is outside the 95 percent confidence limits. This can happen,
since a 95 percent confidence interval indicates that 5 times in
100 the true mean would be outside the confidence limits.

Other Sampling Designs. The three most commonly used tarn
piing techniques are the designs that were discussed in the preced
ing section. There are other sampling designs, however, that are
sometimes encountered in the literature. Each of the designs has
its own formulas, as was the case with the three designs illustrated
above. Again, the reader is cautioned that very misleading results
may be reported if the researcher is not careful to use the formulas
that are specific for the design. Brief descriptions of some of the
other designs will be given below. Examples will not be given,
nor the coned formulas. The reader may find the correct pro.
cedure to follow in selection, and the appropriate formulas to use
in estimation in the sampling texts referred to previously.

Systematic Sampling. This is a technique that is used quite
often when a large card file or some large list is available. The
procedure is to decide upon how many units are wanted in the
population. The number in the sample is then divided into the
number of units in the population to ascertain the number to be
used when selecting the "beginning" point in the file or list. Sup
pose for instance that there are some 15,000 children in a city
school system and that some list or file is available. Further, sup.
pose that some 500 children are to be included in the sample.
Then, 15,000/500 = 30, the number with which the researcher is
concerned when entering the table of random numbers. Ile enters
the table of random numbers to locate the point at which he is to
begin sampling between 1 and 30. Suppose further that the first
number encountered between 1 and 30 happens to be 7. No other
number is necessary, since every 30th card thereafter is drawn.
Then, the researcher goes to the file and selects card 7, 37, 67 .

and so on, until all cards hare been canvassed.
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The researcher who employs this sampling design should be
alert to two departures from randomness that are sometimes found
in a file of cards. One such departure is called a trend. Suppose,
for example, that the researcher is interested in the average age
of employees in a large factory. And suppose that someone in the
office has arranged the cards in the file by age in years and months.
Then the estimated mean of the population would differ markedly
from sample to sample depending upon the number selected at
random for the first draw. It is easy to see that there might be
great differences in the ages recorded from a sample consisting
of cards 2, 32, 62 . . . 902 and a sample consisting of cards 29,
59, 89 . . . 929. Another departure from randomness sometimes
found in card files is spoken of as cyclical fluctuation or periodic
variation. Such a fluctuation would be found if, say, there were
15 employees in each department of the factory and the card file
had been arranged by department from youngest to oldest. Again,
one would find wide variability in samples depending upon the
staffing point.

Multi.Stage Sampling. This is a type of sampling procedure
that is done in more than one stage. Usually a large, rot too coin-
prehensive, survey is made. After examining the results of the
first survey, another Ample is selected. The seccnd stage of
sampling is apt to be a more comprehensive investigation than
the first. Samples may be selected in any number of stages and
any type sampling design may be used at any stage. If the design
does not go beyond the second stage, however, the design of the
sample in the report is apt to be spoken of as a double stage
sampling technique. The student who plans to use a multi-stage
design should consult Cochran (1:215.67), Deming (6:135.65),
and Hansen (7:366.424).

Sequential Analysis. This is a sampling design that is often
applied in production where some decision must be made about
selecting a box of bolts or rejecting the boltsor any other mum-
factored objects. Much theory of sampling has been developed
around this type of design. It is sometimes referred to as accept.
ance sampling. For a more thorough discussion of this sampling
design, the reader should consult Deming (6:27782).

nterpendrating Replicate Subsamples. This sampling design
was used originally to check one enumerator against another. It
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seems to be gaining in favor, however, and probably should be
described here. Actually it is useful for other purposes. One of
the main purposes for this design is to measure the degree of
agreement between subsamples. In general, the procedure is one
of selecting, say, ten subsamples from the total population. Units
in the first set of ten subsamples are then further assigned at ran-
dom to ten other subsamples in such a way that each of the new
set of ten subsamples contains units from each of the first set. The
reader should refer to Cochran (1:312.15), before using this
sampling design. Jones (8) also has a useful explanation of this
sampling design.

NONPROBABILITY SAMPLES

In the preceding sections, emphasis has been given to techniques
of selecting an effective sample by random methods. Repeatedly
the point has been made that randomness must be used at some
stage in the selection of the sample if one is to be able to justify
inferences about the population from which the sample is taken.
This point cannot be too strongly emphasized, since such a proce-
dure is absolutely essential if generalizations about the population
are to be defended on the basis of probability theory. Any time a
standard error term is used to infer real differences between groups
or to state confidence limits for population parameters, a prob-
ability sample must be used.

It is unfortunate that researchers, because of lack of subjects
or because of the "convenience" of certain groups, have utilized
non-probability samples. Non-probability samples are those which
were not selected at random, but rather by some other method of
selection. It is not uncommon to find examples of such samples
in the literature. One frequently may read a research report that
has used "intact classes" for the sample. These particular "intact
classes" might have been selected because they met at an hour
when the researcher was free, or the instructors of the classes
might have been willing to co-operate with the researcher. One
sometimes reads of experiments where two groups are compared,
or two or more methods are compared, and the intact groups have
been used with no attention to assignment "at random" of sub-
jects, of methods, or of instructors. Sometimes a researcher will
use "volunteers" for the sample. Reports of research are also
found in which a quota of subjects is selected by taking the num-
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ber decided upon from individuals met in a hallway or on a
street corner, Another practice has been one of selecting "typical"
classes or persons. Such a practice places unwarranted responsi-
bility on the individual who supposedly is capable of selecting
"typical groups."

Much too frequently, reports using nonprobability samples
summarize the data and make generalizations about the popula-
tion, using probability tables in so doing, that cannot be defended.
The methods of selecting the samples have not been chance
methods. When a non-probability sample has been selected,
Cochran (2) points out that interpretation of results depends more
and more on the expert in a particular field, not on mathematical
probability or on help from a mathematical statistician.
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CHAPTER 5

Tools for Obtaining Data

ESTHER FRENCH
CHARLES C. COWELL
ALFRED W. HUBBARD

As A STUDY IS BEING PLANNED, THE RESEARCH WORKER IS FACED
with the decision of how the solution is to be reached, how data
will be obtained, which tools or devices are available and best
suited to solve the problem. The research worker cannot proceed
without "tools" of the job any more than a plumber can work
without his tools, or a typist without her typewriter, or an artist
without materials and equipment.

Furthermore, it is essential that exactly the right tool be selected
for optimum results. Judgment for the selection is partly the result
of knowledge about the toolits function and limitationsand
partly the result of experience in using it. The golfer with train.
ing and experience knows that a putter, an iron, and a wood are
designed for different purposes. The fisherman knows which
equipment and lure to use for different kinds of fish. The camera
fan knows the difference in potential of the various lenses, shutter
speeds, and films. Alpo, in each case, the performer or worker
knows what is available for purchase, in anticipation of optimum
results in the next endeavor.

There are many tools that have been developed for research
purposes. Some have originated with education; others have been
adapted to educational needs, having first appeared as tools for
medical, scientific, or sociological research. The discussions of

99
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this chapter attempt to present briefly some of the tools which
seem to be most useful to the research worker in the fields of
health, physical education, and recreation. Attitude scales, socio
metric techniques, and photography are discussed in more detail
than the typical research tools in education because of their special
application to these fields. The specifications for each tool are pre-
cise, usually based on earlier research. The lists of references will
help the reader trace development and should be used to supple.
ment the brief presentations in this chapter.

The investigator should always be on the alert for new modifica-
tions of tools and for totally new devices. Also, this phase of re-
search offers opportunity for a creative approach to problem
solving.

Typical Research Tools
in Education

ESTHER FRENCH

INTERVIEWS AND QUESTIONNAIRES
Interviews and questionnaires have much in common. Both are

survey tools used for the purpose of obtaining data concerning
present status, practices, or opinions regarding a selected situation
or problem. The interview has been called an oral questionnaire;
it has also been defined as a conversation with a purpose. Occa-
sionally, the two have been employed in the same study, supple-
menting each other. When this is done, the interview is used to
secure the less factual data on information concerning matters
that persons may consider too confidential to put into written form.
Matters of personal habits, fsmily life, attitudes, and beliefs lend
themselves to the interview approach.

The questionnaire is more commonly used for quickly obtaining
information from a large number of persons concerning factual
matters. However, the interview can also be used for obtaining
information from large numbers of persons, as has been demon-
strated by Gallup and others engaged in the opinion poll business
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and also by Kinsey and his co-workers in their well-known studies
of sexual behavior.

Whenever a question is askedeither orally, as in the inter-
view, or in written form, as in the questionnaireit may be sub-
ject to various interpretations. If the question is highly ambigu-
ous, the replies may be colored. In an interview, it is usually
possible to detect vi hen a question is being misinterpreted and
clarifications can be made. Another advantage of the interview
is that frequently additional information relevant to the general
problem is revealed.

It has been estimated that at least one-fourth of all the published
educational studies have used the questionnaire technique. Misuse
and overuse of the questionnaire have caused it to be criticized. As
with any tool, the questionnaire must be properly used and the
data obtained must be correctly interpreted, or the results are
worthless. Its use should be limited to the types of studies for
which data are available by no other means, and the results should
be interpreted strictly within the limits of the facts.

The interview is difficult to use effectively unless the interviewer
is skillful and well trained. The quality of the information ob-
tained depends upon the quality of the interviewing. The inter-
viewer must know his topic thoroughly and be adept at winning
the confidence of the persons being interviewed. Consideration
should be given not only to the phrasing of questions but to the
timing of them.

The selection of subjects (respondents) to be surveyed greatly
affects the results. This holds true regardless of the technique
used. If expert opinion is wanted, then a few carefully selected
authorities will provide better data than a large number of less
qualified persons. The indiscriminate use of "big name" persons,
however, is no guarantee of expert opinion as few persons are
expert concerning all matters. If the problem is truly important
and the data cannot be otherwise obtained, the majority of profes-
sionally minded persons will reply personally to a well-prepared
questionnaire or will grant the courtesy of an interview. Recom-
mended procedures for sampling should be studied and followed.
The importance of using proper sampling cannot be overstressed
and applies to all research studies, regardless of the selection of
tools for obtaining data. Every care should be taken to ensure that
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the sample is unbiased. Size, alone, is no guarantee of freedom
from bias.

Respondents should be asked only for information they can and
will give. The director of recreation or of physical education in
a large city system should not be expected to be intimately ac-
quainted with small details of the operation of the swimming pool,
playground, or gymnasium. The playground director or teacher,
working in one situation, should not be expected to supply infor-
mation on the over-all policies. Anonymity must be assured if
personal questions are askedas for example, questions regarding
salary, age, or evaluations of the efficiency of co-workers or
superiors.

Each question or item under consideration for inclusion should
be evaluated as to its form and function. Criteria should be ap-
plied, such as the following: Exactly what is the item intended
to measure? Does the question contribute to the solution of the
problem? Is there ambiguity? Can it be made more clear? Are
there any unnecessary qualifying phrases that might start the re-
spondent to thinking along irrelevant lines? Is the question
straightforward and direct?

Submitting the questions to a trial run both in written and oral
form should aid in improving them. Rereading after a lapse of a
few days is another good procedure. Care in preparation pays off
not only in a higher percentage of returns but, what matters even
more, in increased value of the obtained data. Thorough prestudy
of the field permits better delimitation of the problem. Any ques-
tions which duplicate or overlap others excessively should be
eliminated.

The form of the questionnaire should be such that responses can
be made easilyby checking, by yes or no answers, or by very
few words. The responses should lend themselves to tabulation.
Items requiring lengthy responses cannot be readily tabulated. If
it can be anticipated that qualified replies rather than "yes-no"
replies are likely to be encountered, then the questionnaire should
provide for these. This can be done in the same manner as for
a rating form, with directions included. For example, in seeking
an opinion, consideration might be given to including three col-
umns, headed "Agree," "Disagree," "Uncertain."

A stimulating letter of transmittal; the prestige of a reputable
sponsoring agent; the follow-up of returns; the inclusion of self-
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addressed, stamped envelopes for replies; and the offer to supply
a summary of the results, if desired, are all a part of the proce-
dures which have generally been found valuable. But the most
important procedures for securing validity of data are concerned
with care in the preparation of questions and the use of proper
sampling techniques. Definition of terms is frequently necessary
and generally the definitions are included immediately preceding
the questions where the terms appear. Since the questionnaire has
had such wide usage, there are several sources from which de-
tailed and helpful information may be obtained (6, 13). The
interview has had more limited use (3).

OBSERVATIONS, CHECKLISTS, RATING SCALES
The observational method as used by the research worker is a

planned procedure directed toward seeing and noting the amount
or degree of specific practices with relation to a definite problem.
It is not mere visitation or "looking." Checklists, rating scales,
and similar devices have been developed to facilitate the recording
of data.
Observations. These have been used extensively in studying the
behavior of children, the performance of student teachers, the rat-
ing of sports officials, and as a preliminary step in many research
studies. Usually, it is done in a natural setting with no attempt
made to elicit a specific response. One of the earliest studies
making use of this technique is the now classic "Biography of a
Baby," by Shinn, which reports a complete record of one child
during the first year of life. The early form of recording was a
diary or running account of all that took place, while the modern
form consists of a checking sch'me or rating scale. A checklist
differs from a rating in that the number of occurrences or the pres-
ence or absence of a trait is recorded, without reference to a scale
of values.

The use of observations is practically unlimited. Observations
may be :nade of the process of learning as well as of the end re-
sults, The method has certain advantages. Frequently it requires
no change of conditions and no apparatus. It does not require
direct co-operation on the part of the persons being observed. It
is particularly useful for determining reactions under customary
conditions.
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A high degree of objectivity in making observations is necessary
if the data are to be valid, and objectivity is not easy to obtain.
For example, three persons, viewing a ball rolling near a line, may
differ in their judgment about its location when the whistle
sounded. One may think that the ball was in the field of play,
another that it was on the line, and the third may be equally posi-
tive that it was outside the field of play. The observers are more
likely to agree if they view the situation from the same angle and
distance, have equally good eyesight, and are devoid of any emo
Lions concerning the outcome of the occurrence. Observers must
be thoroughly familiar with the general field of study, and the
specific problems being studied must he carefully defined. Both
skill and accuracy in detecting pertinent factors are needed. If
only one observer is to be used in collecting data, care should be
taken to see that he is highly qualified.

Several observers should make concurrent observations, work-
ing independently, and the degree of agreement among judges
should be checked. Unless the correlation is high, they should
review the actions being observed, perhaps redefine them, and
repeat the observations and procedures until high agreement is
reached. Various types of training devices such as audio-visual
aids, have been used to ensure higher agreement among judges.
When it is not practical to give the observers extensive training, it
may be preferable to rely on several judges rather than one and
to use the sum of their scores. When the act to be judged needs
to be viewed from several different aspects, as is the case in com-
petitive diving, then several observers are used, even though high
agreement among the judges has been obtained.

It is frequently desirable to give greater weight to certain
phases of the problem than to others. For example, in rating bad-
minton players, use of a variety of strokes may have more or less
importance than ability to cover the court. In evaluating sanitary
practices, the wearing of hair nets by food handlers might have a
different value or weighting than the method used in sterilizing
dishes.

As in all research, conclusions must not be drawn upon too
limited or a biased sampling. The length, frequency, and variety
of observations should be sufficient to reveal the true facts. The
number needed varies from one study to another. There has been
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some evidence presented favoring an accumulation of a large
number of very brief observations over a few continuous observa-
tions, but again, logic should be used in setting up the study, with
the purpose kept clearly in mind. Vie number or amount of ob-
servations needed is usually determined by the point at which no
new items are being observed or beyond which point the ratio
between items remains more or less stable.

Records of activity may be observed by mechanical means, such
as movie cameras, dictaphones, electrical eye counters. They may
also be obtained stenographically. Symbols or codes at frequently
used on charts when frequency and spatial relationships are being
observed. The charts used by coaches and scouts are illustrative.
Usually these are prepared and used as an aid in analyzing play
or successful performances.

Accessibility of the observers may be a limiting factor. Various
environmental factors also affect results, and every care should be
taken to see that these are "normal" or controlled. Again, they
vary with the problem or situation being observed. Some general
examples are the time of day, the humidity and temperature, the
events immediately preceding the observation, and outside or un-
usual distractions. The observations should be arranged at a time
when it is anticipated that the thing or things to be observed will
occur. For example, in a study of the frequency of use of various
pieces of play apparatus, the observation should be made when
the play apparatus is available for use and the children are free
to use it. The number using each piece can be recorded, with
various observers focusing their attention on specified pieces of
apparatus. What constitutes "use" will have to be defined in ad-
vance. If the observation takes place on an unusually hot day or
an unusually cold day, it is conceivable that the results may be
affected. An injury or an unusually good performance during the
previous play period might affect use of a certain piece of appara-
tus. Repeated short observations are thought to be less subject to
chance fluctuation than is a single longer observation.

At times, certain modifications of external conditions are made
to economize on time or to facilitate observations. For example,
one-way-vision screens have been used to eliminate the conscious.
ness that one is being observed. Closed circuit television is a modi-
fication of this device but is much more expensive.
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Great care has been taken in some studies to ensure the relia-
bility of the observer, but in many studies little, if any, attempt
has been made to control the various factors known to affect be-
havior, attitudes, and reactions. In using the observation method
for case btudies, better results are likely to be obtained if some
controls are established. For example, a child may react quite
differently when in one situation than in another. If it is thought
that his companions affect his behavior or reactions, then he should
either be observed in several different situations with the same
companions present or be observed in the same situation several
times with different groups of companions. Only a fine line of
distinction can be made between a controlled observation and the
experimental method. If it is desired that check studies or longi-
tudinal studies be made, some controls must be established.

Checklists. Forms used to record the number of times a certain
event occurs or the presence or absence of a clearly defined trait
or situation are called checklists. Their value is highly dependent
upon the observer's ability to be objective and the quality of his
judgment.

One example of the use of a checklist is in comparing the effect
of rules changes on the number of times a ?articular skill or
specified bit of strategy is used. For example, one might study
the number of times a spike is attempted in volleyball in the non-
rotation game as compared to the rotation game. Data shown are
selected from that obtained on one official volleyball game and
are presented to illustrate this use of a checklist or incidence chart.

Skill Incidence During Each Hall Total Times Used
Rotation Nonrotation

Serve 21 30 51

Pass 26 16 42 .

Spike 16 12 28
Block 0 0 0

Ratings. These are essentially directed observations. They have
been used for a number of purposes. Perhaps one of the best
known uses is as a substitute for objective tests when the latter are
not available. Ratings are also used to supplement these tests.
In the area of dance activities, for example, subjective ratings of
performance are in common use. When form in performance is
being judged (as in gymnastic meets, for example), complete
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reliance is placed upon a rating scale, involving subjective judg-
ment, but the observer is directed and uses an agreed-upon pro-
cedure and weighting scheme.

Raters are limited in the accuracy of their ratings by their ex-
perience, by the opportunity provided for observations, by knowl-
edge of the activity or trait being rated, by the degree to which
they can be objective in making judgments, and by the ability tc
concentrate on the task at hand. The reliability of ratings can be
increased by combining the ratings made by several judges of the
same pupil or subject.

There are many types of rating forms. The graphic device or
scale is illustrated below.

Superior A bov e Average ---ATTra71 lielovirveTh7gA Voor

Usually this is placed beneath a statement describing the trait or
characteristic. In the place' of descriptive terms, a numerical
scheme may be used.

Sometimes it may be preferable to use a three-point scale such
as "Agree, Disagree, Uncertain." This has had frequent use in
attitude scales.

Regardless of the form used, the directions should be clear.
For example, is each individual to be rated in relation to the
group or in relation to an ideal?

In determining the number of categories, some consideration
should be given to the degrees of distinction possible. If the op-
portunity for making observations or judgments is quite limited,
fewer categories should be listed. The use to be made of the rat-
ings is another factor. For example, if a group of performers in
an activity are being rated and it is desired that ratings result in
five or more ability groupings, a seven-point scale should be con-
sidered. This is assuming that several judges are being used and
that they tend to avoid the extremes in recording their judgments.
If just three groupings are needed, a five-point scale should suffice
to give the desired spread.

Certain preliminary preparations can be made to increase the
validity of the ratings. These include (a) determining the nature
of the content of the activity or trait to be rated; (b) determining
the number of categories to be used; (c) defining each category
or point on the scale; (d) preparing the rating forms or score
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sheets in advance; and (e) selecting the raters and training them.
The actual conduct of the ratings should be well planned to pro-
vide judges with the best views, sufficient amount of time, and
freedom from distractions.

Ratings are of no value unless the observations upon which they
are based are accurate. Unfortunately, persons confronted with
a neat and inviting scale may be tempted to "co-operate" by put-
ting checks in the spaces provided even though they have only a
meager basis for judgment. In recognition of this, some forms
provide a space for checking if you have had an inadequate basis
for judgment. Amount of data and quality of data are two differ-
ent things. The mechanics of filling out a rating form are easy;
accurate judgments are difficult.

DOCUMENTS AND RECORDS
Documentary analysis is the study of a collection of written or

printed materials to determine the frequency and usage of selected
items or to reveal facts concerning an enterprise.

The kinds and sources of documentary data are varied. The
more common types are administrative records, forms and re-
ports; curricular materials such as syllabuses, courses of study,
texts, notebooks, term papers, class papers and reports; legal acts
and case reports; correspondence; and official reports on a gov-
ernmental or institutional operation. There is an implication of
veracity in the nature of the records. It does not follow, however,
that the facts are pertinent to the study or in such form that they
can be compared with other data.

The purpose of the study will determine the sources and kinds
of information collected and selected, but the value of the infor-
mation will depend upon how pertinent the items are in throwing
light upon that purpose. The investigator should organize criteria
into a rating scale or checklist appropriate to his study and
sources. In general, the literature reveals the following criteria
for items of documentary analysis: They should

1. Be valid and authentic
2. Be reliable and accurate
3. Be objective and carefully defined
4. Be representative, wide, and comparable samples
5. State limits, meaning, organization, and mechanical features
6. Be important and appropriate in terms of cLites
7. Be feasible in terms of time.
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Preceding the study of documentary data, the investigator
should have an interview with the person in charge of the records
or materials. Teachers, administrators, and supervisors especially
need to be acquainted with textbook analyses. Objectives, out
comes, word counts, line or space counts, frequency of mention,
importance, extent of use, and analysis of common errors exempli.
fy helpful types of data and information in most fields; grade
placements, difficulty of games, rhythms, stunts, or athletic events
are often implied from course of study and textbook analysis.

Legal and official documents and records are preferred general
sources. The study of daily notes of students or stenographic notes
may be valid curricular sources. Syllabus and textbook analyses
are reasonably reliable, but catalogue analyses provide the least
efficient check. Official reports may give a better picture than
exists, because of the desire to appear to meet standards and re.
quirements.

The first step in a documentary analysis is to decide the kind
of items needed. The formation of appropriate categories for col
lecting the data is a crucial problem. The data and information
should be grouped so as to bring out differences, similarities, and
functional relationships. Usually a small sample is used first and
a trial classification is made, based upon reading and experience.
A functional rather than a logical arrangement is the aim. The
purpose of the study is the guide. Knowing the form in which
data ultimately will be arranged enables one to get his basic data
and information in order. Microfilming er other inexpensive re-
production of rare or otherwise inaccessible data is available in
most libraries or institutions.

Interpretation follows the sanie rules as for other forms of re.
search. Care needs to be taken that conclusions drawn from tabu-
lations are justified by the relationships and representativeness of
the data. The investigator's interpretations should be kept separate
from the actual data. Findings should be checked against other
reliable sources.

SCORE CARDS
Score cards have been used in appraising facilities, instructional

and recreational programs, educational qualifications of teachers,
and in connection with accreditation. The steps involved include
the determination of scope; the establishment of objectives or
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criteria; the formulation of statements describing the various
items; preparation of directions and forms; and selection of per-
sona, schools, or localities to be scored.

One example is the "Criteria for Appraisal of the Instructional
Programs of Physical Education in Colleges and Universities"
which resulted from a Washington Conference (I). It was de-
signed to serve as a convenient tool for program appraisal by ad.
ministrative and faculty personnel in departments of physical edu-
cation. It consists of 50 items, grouped under the headings of
Philosophy and Objectives, Administration, and Program. Cate-
gories are provided on a fivepoint scale: Completely-5; To a
great degree --4; To a moderate degree -3; Very little --2; Not
at all-1. Two items are given here:

29. The activities selected make full use of local geography and climate.
30. The program provided opportunities through coeducational classes for

teaching men and women to develop skills and enjoy together those activitiea
which bring lifelong leisuretime satisfaction (1:37).

Tit s is an example of a selfrating type. The LaPorte Score
Cards (11) are an example of ratings to be made by outsiders.
The 1.Iinois Curriculum Program Study makes still another use
of score cards. Their procedures involve ratings by parents and
pupils as well as by teachers.

CRITICAL INCIDENT TECHNIQUE
The critical incident technique is a set of procedures used for

collecting and classifying specific and significant behavioral acts
taking place in defined situations. The primary purpose of the
technique is to set up critical requirements for the performance
of a specific activity or job. Flanagan (7, 8) and co-workers used
it in 1940, in connection with their work in the Aviation Psychol
ogy Program, to evaluate behavior and performance of Air Force
personnel.

Flanagan indicees the various uses: (a) to measure and eval-
uate actual performance; (b) to measure proficiency in sample
situations; (c) to guide and organize training programs; (d) as a
basis for selection and classitNItion of workers, and (e) as a
method of analyzing attitudes.

As a research tool for obtaining data, the critical incident tech.
nique has not been widely used in education but is incledecl here
because it appears to have value. Jensen (10) tried to answer the
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question, "What teacher traits produce effective teaching?," by
collecting and recording firsthand reports of especially effective
and ineffective teacher performance. He used the interview to ob
lain these reports. The reports of effective and ineffective per.
formance were classified under major headings of personal, pro.
fessional, and social qualities, and in turn under subheadings.
From this classification, a list of critical requirements for teachers
was constructed which formed the basis for evaluation of actual
teacher performance in the Los Angeles area.

Using the critical incident technique as a research tool involves
five procedural steps:

1. Determination of the general aim of the activity to be evaluated
so that incidents may be observed in light of this aim
2. Development of specific instructions to the observers as to the
situation to be observed
3. Collection of the data. This can be done through observation or
it can be a collection of recorded data, secured by interview or
questionnaire.
4. Analysis of the data for the purpose of summarising and describ
ing the collccted observations
S. Interpretation of results within the limitations of the data and
the technique.

There are obvious limitations to this technique, such as the diffi
culty in measuring the reliability and validity of the data collected
by this means. However, the data might give a clue to the critical
requirements, and tests might then he developed to measure these
proficiencies or aptitudes.

SKILL TESTS

Criteria to be used in evaluating skill tests have been presented
in several of the textbooks concerned with tests and measurements
in the field of physical education. These include various statistical
measures supplementerl by logic and such practical considerations
as economy of time and the availability of norms. When concerned
with the selection of a ;kill ttst which is to be used as a tool for
obtaining data for research purposes, the choice should be limited
to tests with proven validity and reliability.

Validity is usually reported by means of a correlation zoefficient
expressing the degree of relationship between the test score and
a criterion. If the criterion is a good one, then the higher the
relationship, the more truly does the test appear to be measuring
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the ability to question. For many skill tests in sports activities,
the criterion used has been a rating of general playing ability for
the sport in question. Frequently, this results in a lower validity
coefficient than would be obtained if the criterion were another
test, proven to be valid, of the specific skill. For example, one
should expect a lower relationship between a rating of general
playing ability in tennis and a skill test of a single stroke, such
as the serve, than one should expect between two skill tests, both
assumed to be valid and reliable. If the skill test has high reliabil.
ity and low validity, the nature of the criterion should be taken
into consideration.

Validity should not be determined by statistics alone, regardless
of the size of the correlation coefficient. Other considerations to be
mode in selecting a skill test for the purpose of obtaining data for
research purposes include the following:

I. The test should measure an important ability.
2. It should involve one performer only.
3. It abould provide accurate scoring.
4.. It should provide a sufficient number of trials.
5. It should be of suitable difficulty.

Reliability is a prerequisite of validity, i.e., if the test is not
consistent in its measurement of a given ability, it cannot be con.
sistent in measurement of that ability represented by the criterion.
The primary factors in obtaining consistent scores are adequate
trials and objective scoring.

Reliability is expressed as a correlation coefficient. The calcu
lation is ideally between scores obtained on two administrations
on successive days. Practically, it is not always possible to ad.
minister the test twice, so the coefficient may be calculated on sums
of alternate halves when the test has several trials.

KNOWLEDGE TESTS
In selecting a knowledge test to be used as a tool for obtaining

data for research purposes, validity is the prime consideration.
Does the test measure what it purports to measure or is it a meas.
tire of intelligence, of guessing ability, of memorization? Validity
may be considered from a subjective, as well as an objective, view.
point. Subjectively, the worth of a test may be evaluated by apply.
ing criteria such as the following:
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I. Is the emphasis on functional value rather than on memorization
of subject matter?
2. Is the test sufficiently comprehensive? Are any of the important
outcomes of instruction ignored in the lest as a whole?
3. Are the questions clearly stated?
4. Will it provide a wide range of scores, with no undue massing
of scores at any one point?
5. Is the test sufficiently long to eliminate chance factors and yet
not so lengthy that the stow readers are penalised?

Another method of checking the curricular validity of a test is to
compare it against a carefully prepared outline of the unit or
course.

An estimate of the validity of a knowledge test can be obtained
by correlating the scores made on it with the test scores made by
the same individuals on a previously validated test covering the
same materials, should such a test be available. More frequently,
a test is "validated" item by item against the criterion of the total
score (number of correct responses) made by each person on that
same test. If the test provides a wide range of scores and the items
are skillfully prepared, then the use of the total score as a criterion
is defensible. The analysis should reveal such information as the
difficulty rating of the question (expressed in terms of the percent
who succeeded in answering the question correctly), the function.
ing of the various parts (percent selecting each failing or incorrect
answer), and the discriminatory power of the question. A question
is said to have perfect discriminatory power .ihen every student
who answer- the question correctly ranks higher on the total score
scale than all students who answer it incorrectly. A question on
which more students of low ability succeed than do students of
high ability is said to have negative discriminatory power and is
a poor question. Various methods have been devised for determin
ing the discriminatory power of questions. See Chapter 8.

If a knowledge test is truly good, it should measure the ability
of the student to make applications. The student possessing a con
siderable amount of knowledge should be able to apply facts
learned to the solution of a new problem. however, if all the
questions require application of knowledge, there is likely to be
an undue massing of low scores since, in many classes, some of the
students will succeed only on those questions covering content that
has been memorized. The test should provide for as wide a 'tinge
of abilities as are present in the bioup.
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Attitude Scales

CHARLES C. COWILL

Many years ago Joubert, a French moralist, stated that "the
direction of the mind is Fiore important than its progress." Atti-
tudes reflect the readiness of the organism to respond in certain
specific ways when the proper situation arises. The fact that the
organism is oriented and "triggered" to respond in a certain man-
ner has resulted in speaking of attitudes as "mental sets" which
exert a selective function, iften without the aid of conscious con-
sideration.
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Educationally, we are interested in changing the behavior of
students in desirable directions. We want them to develop desir-
able personal and social attitudes, e.g., attitudes toward main-
tenance of good health and the prevention of ill health, toward
wholesome recreation, democratic ideals, and social improvement.
When teachers and others build readiness in pupils to behave in
these specific ways, for example, they are building attitudes.
Finally, out of a number of general attitudes with some intellectual
elaboration comes one's philosophy of life which reflects one's
attitudes toward many phenomena (1).

The late President Eliot of Harvard, emphasizing the aim of
education as the development of right attitudes and interests, spoke
of liberal education as a "state of mind." Even if we think of an
attitude as a point of view, we know that one's point of view de-
termines what one sees, whether one sees clearly or not, and
whether one sees things in the right perspective or not. Finally,
the late Lord Halifax's definition of education as "what remains
after we have forgotten everything we learned in school" indi
catea that he felt that the mental attitudes, permanent interests,
and habits of study and thought acquired in school are the signifi-
cant things.

Good education is an emotional as well as an intellectual ex-
perience. When we build feelings for or against something, we
are developing attitudes (26). An attitude is "an implicit response
or predisposition to act toward or away from an individual or
social value" (4:176). It is generally agreed that attitudes are
learned and they are developed solely in situations which call
forth the attitude. For example, let us consider the situation of a
fairly unskilled fifthgrade boy 44 has just come to this school and
community from another city and faces a situation as follows:

1. He comes to class and is berated by the pbysicoi education teacher
for not haying "official" gymnasium clothing.
2. He Is assigned a tiny locker In an overcrowded and odorous
locker room.
3. He finds that the combination on his lock will not work.
4. At his first appearance in class he is asked by the instructor to
do a certain exercise but fails miserably, injures himself, the class
laughs at him, and the instructor makes a tattassie revisal.
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This sequence of experiences, and the fact that all seem pointed
in the same direction and suggest failure and unpleasantness to
this boy, is reasonable assurance of a negative attitude - -a dislike
or even hatred of physical education and people related to it. He
would hardly build an enduring stale of readiness favorable to
physical education and people related to it. His attitudes toward
physical education or physical recreation activities, toward his
teacher, and even toward his classmates might well be extremely
negative and therefore educationally undesirable.

Fortunately, we have experimental evidence that attitudes are
not fixed and unchanging predispositions (3, 23). Attitudes do
change under normal conditions, and when conditions are con
trolled the changes may be striking. It is quite possible that the
rsgative attitude toward physical education of the boy just men.
tioned could be changed to a positive attitude with systematic
endeavor.

MEASUREMENT OF ATTITUDES
The problem of attitude measurement is complicated by lack of

certainty regarding what we purport to be measuring. Bonner
(4:195) raises the question:

"If an sttitode is a tendency to act, a predisposition to respond positively or
negathely to an object, a more or less enduring state of teuineu to respond
in a certain way, can it be measured? If we measure an individual's verbal
statement of Om be Weis about an tette, are ws mearuring bit attitude?"

In many cases there is only slight relationship between attitudes
expressed in a paper and pencil test and the behavior of the sub.
jests. Behavior does no always conform to expressed attitudes.
An individual may say one thing and do another (11).

Like all human phenomena, attitudes, which are essentially dis
guised tendencies, are highly complex. If one is aware of the ph.
falls and dangers and realises that resultant conclusions of atti
tude tests are only partial insights into the total personality, these
instruments can be of considerable value.

Statements referring to attitudes may likewise be applied to
many related concepts which are either synonymous er vaguely
synonymous and are tested with similar techniques in tile technical
literature. Such concepts as interests, desires, tastes, motives,
opinions, morale, appreciation, ideals, and personal and social
distance would fall into this category.
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TECHNIQUES
The two techniques of getting individuals to manifest their

covert tendencies in some form of overt behavior are:
1. More common is the opinion method, using techniques to ob-

tain from the subject a verbal report of his attitude by checking the
extent to which he agrees with various statements, the extent to
which he values this or that, or by expressing his opinion about a
certain object or state of affairs. An opinion is a verbal expression
of one's attitude.

Thurstone's technique, known as the EqualAppearing Intervals
Scale, consists of getting a collection of statements that represent
sentiment of approval or disapprdval toward a phenomenon. These
are sorted by a number of judges into categories from "Very fay-
°rabic" to "Very unfavorable." Any significant disagreement by
the judges over an item is cause for its rejection. The final scale
distributes items in fairly equal steps along the continuum of
items. The subjects then check the items of which they approve,
and their score is the median scale value of the items checked. The
scale value of each subject is then a relative measure of the amount
of approval or disapproval accorded the phenomenon. A few
illustrative items used in the finished scale to measure attitudes
toward the church are reproduced below (29:61):

Check (x) every statement below that expresses your sentiment toward the
church. Interpret the statements accordance with your ow' experience with
churches. Se. le

yds.
I think the teaching of the church is altiropthet
have moth eclat siesificance
I feel thst thatch services give me inspiratios
lite op to my best daring the following wee%
I believe Is what the chord teaches bit with
dos
I do not melee asy best& from atteodiss thatch services bat
I think it helps some people &7
I believe is teligioo bat I *tidies go to S.4
I rtist4 the church as a static, troutilited institotios and as such
It is unwholesome sod detrimental to society and the Isdivithal 10.S
I believe thatch membership Is almost essestlal so Nee Efe
III its best - - 13
I believe the churl is fondantestail; ;sad WA some of Its a4-
hereof. Ian ghee it a bad stem S
I AM the churl h s parasite es 'octet 11.0

too sepertsclal to
flS

and help me to
17

material mem.
43

Another attitude scale is Likert's (19) which employs a larger
number of items than the Thurston scale end does not employ
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judges in selecting items. The subject's approval or disapproval
of a given phenomenon such as physical education, educational
method, or social philosophy would be indicated by the degree of
his agreement or disagreement with each statement on a five -point
scale, such as "Agree markedly, Agree, Undecided, Disagree, Dis
agree markedly." The subject's total score is the sum of the item
values weighted L: how well each item in the scale distinguishes
those who agree from those who disagree with each statement. A
number of studies indicated in the references illustrate adaptations
of the Likert technique (10, 19, 20, 32).

One of the problems in attitude testing is to determine the de-
gree to which all statements or items in the instrument are related
to the same attitude. This refers to the internal consistency or in
ternsl validity of the instrument, i.e., the degree to which the series
of items which are given a single total attitude "score" are really
interrelated and can be accepted as having a single attitudinal
meaning rather than a mixture of different kinds of attitudinal
responses. Guttman (14) suggested a procedure to solve this
problem.

2. More promising but less highly developed is the interpretive
or projective method, using techniques designed to lead the subject
to betray his attitudes by expressing them without awareness of
the investigator's purpose or design. Rather than having his re
sponges structured for him, as in a questionnaire scale, the projec
Cove technique permits the subject to structure his own responses.
The subject's attitude is determined by scoring certain agreedupon
indicators which reveal the subject's attitudes (13, 24).

It is difficult to apply the concept of validity to most projective
tests since they do not yield single total scores or sets of scores
having the same significance for all individuals. Furthermore,
highly trained specialists are needed for their interpretation.

Another approach to attitude identification and measurement
has been made by interpretation of "self-concepts." The sociolo-
gists, Kuhn and Mc Portland (18), have proposed a Twenty State.
ments Test (known as TST) which may be scored in various s vs.
This is a freeresponse type of test in which the subject is asked
to write 20 spontaneous answers to the question "Who am 1?"
These authors and others have employed the test with different
age groups. They have found that attitudes are revealed through
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the nonconsensual statements, their int nsity through a saliency
score derived from rank and/or frequency of the nonconsensual
items, and the center of interest by a social anchorage score. This
technique has been employed in some physical education studies
(5, 15).

ATTITUDES AS EDUCATIONAL OUTCOMES
Attitudes are potent influences in individual and social control

as the days of Hitler, Stalin, and Mussolini will attest. By con-
sciously directing the culture in which their people lived and by
planned attack upon the culture of any people they wished to domi-
nate, they threw the world into chaos by developing attitudes of
fear, hate, and prejudice.

Attitudes toward health (8, 27), physical education (2, 16, 31),
recreation (31), and safety are important general objectives of
instruction. We are interested in changing the direction of atti-
tudes from negative and neutral to positive, and we must continue
to seek objective and reliable means of measuring this change in
direction. Since most systematic study of attitudes has dealt with
indices of attitudes based on opinions expressed or approved, their
validity depends upon the genuineness and frankness of the in-
dividual's response.

Knowledge by itself is inert. It becomes dynamic through mo-
tive, purpo.,e, and desire which give it direction. Intelligence and
knowledge determine what we can do. Our attitudes determine
what we will do. Further research in the nature of attitudes, and
in their development and measurement, is imperative for the better
educational achievement of individual and social improvement.
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Sociometrie Techniques

CHARLES C. COWELL

The researcher reasons with data about the solution of a prob.
lull. The soundness of the solution depends upon the validity of
the facts or principles upon which the inferences are basedupon
the validity of the data.

SOCIAL RELATIONS
Physical education teachers and recreation leaders are, in a

sense, "development supervisors." They are interested in all
aspects of developmentorderly progress toward maturity of
boys and girls. Therefore, the degree of harmony of the individ
ual with his social group and his social growth from year to year
become an educational concern. Here the playground, athletic
field, swimming pool, and gymnasium provide the observant
teacher with valid data indicative of the pupil's social conduct, his
degree of social feeling, and acceptance by his peers. The pupils'
social roles and their relationships with their peers play a signifi
cant part in the process of socialization and personality develop-
ment.

This section deal?, with sociometrics, which has to do with the
study of the patterned relationships between members of groups.
Children and youth struggls for "belonging" and group status.
The roles they learn to play in achieving status are important
sociologically, psychologically, and educationally. Teachers,
therefore, must help provide the resources in the form of activities
and experiences which lead to effective goal satisfactionsthe
winning of belonging and recognition. Sociometrics as a technique
quantifies the degree to which the pupil is winning belonging and
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prestige status by playing roles effectIv.ly in the peergroup
structure.

During middle childhood and adolescence, play, physical edu
cation, recreation, and certain health activities evoke strong inter.
est. Success in these activities provides powerful goal satisfactions
and varied degrees of prestige. The individual's place in the
group is largely determined by the various roles he plays, the
degree of success in these roles, and the prestige value of the
various roles.

All teachers are familiar with the "frit',;er," the "dub," the
"isolate," and the "nonbelonger," but not all are familiar with the
selfregard feeling, attitude, and concepts that such youths have
of themselves and the part these concepts play in social and emo-
tional adjustment. Lack of physical strength, lack of game skills,
poor physical development, poor social relationships, feelings of
inferiority, insecurity, inadequacy, and a distorted selfconcept
seem to he interrelated in middle childhood and adolescence.

The peergroup activitiesin clubs, in the gymnasium, or on
the playing fieldsAre important sources of learning.

Through these activities each individual is disciplined by group processes to sub-
ordinate personal desires to the success of Oki+ Troup, to accept group customs and
codes, needs and roles, to achieve perk:c-4 success and status through successful
group activities, to respect the rights of others, and to promote the purposes of the
group as a whole. To a considerable ustent it is through peergroup activities that
leadership capacities are developed, tho concept of teamwork is established, and a
sense of personal adequacy based on sure belonging engendered. (22:278)

Surely the acquisition of these attributes is just as important
for success in life as is the acquisition of the standard curricu
lum learnings usually called "subject matter."

Since group life is of such importance in the development of
children and youth, some consideration of the structure and dy.
namics of social groups as met in health, physical education, and
recreation activities will be given in this section.

DEFINITIONS
Sociometry represents techniques for presenting rather simply

and graphically the structure of interpersonal relations within a
given group and for quantitatively studying its internal organiza-
tion.

A sociometric test is a social research instrument for diagnos-
ing, understanding, and evaluating the structure of a group by
rioting the social cleavages involving acceptance and rejection, and
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for locating the leaders as well as the isolates as these appear in
the analysis of the choice process.

A sociogram is a graphic diagram of a social structure illustrat-
ing the pattern of relationships between members of a group. It
indicates graphically who accepts whom, who is rejected by whom,
and the nature of social cleavages, such as cliques.

TYPES OF SOCIOMETRIC TESTS
The spontaneous choice of one's associates is the index used in

the sociometric test. The choices refer to those persons with whom
the individual would like to participate in a given situationon a
team or committee or working unit.

Types of tests especially adaptable to physical education snits-
tions are described below.

1. The Acquaintance Mame Test indicates the "social expert-
siveuess" of an individual within a given time period. It shows
how well a student gets acquainted within a semester. As sug-
gested by Todd, "On the first day the class meets, each member is
asked to write the first and last names of those he knows in the
group. At the end of the unit or term, the test is repeated, and by
simple arithmetical differences it is readily apparent just how
many new friends each individual has made." (29) Sknbic (27)
applied this type of test successfully in studying the differences in
acquaintance volume in different activity classes such as volley-
ball, swimming, and modern dance.

2. The Functional Choice Test, as described by Todd, "is a
means of finding out who wants to be with whomnot who is with
whom. Members of the group are given opportunity to choose or
reject others on some specific basis in which existing friendship
bonds, and a promise to take them into consideration in regrouping
the class, are motivational factors." (29)

3. The Cowell Personal Distance Ballot (5) asks each class or
group member to indicate the personal distance at which he is
willing to accept every other member. With this instrument, it is
possible to note the general attitude of the class as a whole toward
each individual as well as to determine quantitatively the degree
of acceptance of each individual in the group by every other in-
dividual in the group. It is thus possible to know the personal dis-
tance at which each group member would hold every other.
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The individual's personal.distance score indicates the group's
generalized attitude of acceptance toward each individual since
unlike the true sociometric testit provides no specific frame of
reference for choosing, e.g., choosing committee chairmen, team
members, or roommates. Each individual is checked on a seven.
point scale of personal distance, the first being "Acceptance into
my family as a brother (or sister)," and the seventh being "Into
my city" with various progressive distances represented in be-
tween. This instrument is an adaptation of ideas used by Bogardus
(I) in his "Test of Social Distance" and has been found simple,
valid, and reliable (5).

ADMINISTRATION OF SOCIOMETRIC TESTS
Todd (29) illustrates the use of the Functional Choice Test by

casually asking the pupils t.-) write on 3 x 5 file cards their first
three preferences for squadmates for the ensuing activity. "Prom-
ise the class that their choices will be kept confidential and that
you will guarantee to place each pupil on a squad with at least
one of his chosen friendbmore if you can. Suggest that if there
is anyone with whom the pupil would prefer not to play, that the
name (or names) of that person be indicated at the bottom of the
card." This is a five-minute task. Data are tabulated in several
ways:

I. A matrix chart (4) shows each individual's preferences. (See
Figure I.) Students' cards are alFhabetized and numbered, and the
names listed down and across the chart. Degrees of popularity and
unpopularity are readily noted and rejections emphasized by red
pencil.
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2. A sociogrant is a graphic diagram indicating the relationships
between individuals in a group. One may note the cliques, gangs,
pairs, and the extremely popular, as well as the "rejeclees" or
"isolates" (24, 11).

The usual procedure is to place the most popular near the center,
the boys on one aide, girls on the other as indicated in Figure 11.

One *ay pick.

tamics
I it, of Cktfer of Chalce

Nova: For an absent boy or girl, use the respective symbol dashed, leaving any
choice line open.ended (see Joe Brown above).

If rejections are obtained, the choice line may be made in dashes or in a different
color,

Whenever a direct line from chooser to :losen cannot be drawn without going
through the symbol for another individual, the line should be drawn with an elbow, as
In the case of Bill Lane to Paula King.

Ftcents II. A filledIxt sociogram, presenting the choice patterns graphially. Blank
forme with r)nrpty circles and triangles may be mimeographed so that the teacher may
fill in the names and draw in the :holce lines after the test has been given. (Quoted
By permission from Jennings, II: 22.)
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3. The Individual Status Index (4, 29) is a simple formula for
assigning to each stalent a numerical symbol of his popularity with
his peers. Retests during and it the end of the term will then show
any changes in the pupil's status. The formula follows:

Individual Status Index _Total Choices minus Total Rejections
Number in class minus or ,e

or
TC TR

IS!
N 1

For example, if, in a class of 50, Mary receives 5 choices and 1 re-
jection, her 1S1 is .08.

4. Croup Cohesion Scores indicate the degree of social integra-
lion or "we feeling" within a group. Retests will show increases or
decreases in group solidarity. This may serve as a check on sub-
jective observation. The formula follows:

-- TC TR
GCS

N (N 1)

For example, if in a class of 50 there is a total of 110 choices and
10 rejections, then the GCS = +.02.

INTERPRETATIONS, APPLICATION, AND FOLLOW-UP

Knowledge of the social structure of a group is important but,
perhaps, more important is some understanding of the personality
dynamics which sociometric Jevices suggest. We must try to
analyze the choice process going on within people when they select
some individuals and reject others. As teachers, we have some
control over social participation of children and youth and the
range of their social contacts. Since their social maturity is de-
pendent on their social interaction with others, we should plan
significant ways of preventing social cleavages and eacourage
social integration in joint action.

Diagnosis should always precede prescription. Sociometric
techniques enable us to diagr7,se and evaluate the social structure
of groups, help us to locate the rejected pupils, and regroup
classes so that more children are given a sense of belonging in a
more productive and harmonious group atmosphere.
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Photography

ALFRED W. HUBBARD

Prints, slides, strip film, loop film, and motion pictures reveal
so much more realistic detail than unaided observation that pho-
tography seems an ideal research tool for studying human move-
ment and sport skill. The ability of cameras to record visible,
transient phenomena, to enlarge or reduce spatial relations, and
to slow down or speed up action has made them highly useful in
research, in addition to providing realistic illustrative material,
instructional aids, and nostalgic records of people and places.
The wealth of photographic material about sport and sporting
events seems like a gold mine of material for scientific analysis,
but this illusion generally evaporates when measurement starts.

Cameras are basically of two typesstill and motion picture.
But motion can be recorded with still cameras, either intentionally
or accidentally, and motion pictures consist of a sequence of still
pictures (frames). Both types provide a permanent record for
detailed analysis and facilitate interpretation of human movement
in terms of basic mechanical (Newtonian) principles. As long as
the analysis will be based on inferences concerning the operation
of these mechanical principles, any clear photographic record is
suitable. But scientific analysis involves measurement, and nieas-
urement of movement requires accurate recording of spatial and
temporal relations. These two basic, and hidden, limitations ex-
elude practically all sports movies from scientific analysis, unless
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the material was taken especially for the purpose of pre,' ling
meaningful measurements.

Movement is displacement with respect to time; displacement is
a change in spatial relations; and time is a convenient framework
of reference. Valid measurements of movement thus depend on
accurate recording of spatial and temporal relations. Unless the
photographer makes special arrangements to record comparable
distances at uniform intervals n standard units of measurement,
the analyst of human movement is restricted to vague estimates
and unsupported inferences. These limitations are hidden, or
often unrecognized by the novice. The camera operates basically
like the human eye, so photographic material that appears highly
realistic may actually provide no valid basis for measurement
In using photography as a research tool for studying human move-
ment, the first problem is to record comparable spatial relations
and the second problem is adequate timing of the changes in spa-
tial relations. Fortunately, both problems can be solved essentially
by rather careful but simple, preliminary preparation which avoids
the omission of essential elements in the photographic record and
thus makes the pictures suitable for scientific analysis.

SPATIAL RELATIONS
The camera, like the human eye, reduces three-dimensional

space to two dimensions, or a plane surface. Near objects appear
large, and far objects small. Since the visual world is full of
illusions caused by perspective, the real size of things must be
judged ordinarily on some basis other than apparent size. Thus,
the didant mountain appears many times higher than the tree in
the foreground that apparently looms over it People learn to
disregard these illusions so consistently that any clear photograph
seems excellent, until measurements are attempted. Then it is
found, generally after considerable confusion, that only those
spatial relations occurring in one plane perpendicular to the axis
of the camera are directly comparable. Any appreciable move-
ment or displacement in the third (to-from) dimension is enlarged
or diminished. Measurements involving varying amounts of "to-
from" distortion are not comparable. This makes photography
for measurement purposes a highly specialized techniquefor
which the accumulated "wealth" of photographic material con-



130 RESEARCH METHODS

cening sport is fool',..! gold. In other words, if measurements arc
to be made, the camera must be properly Iced,

Fortunately, much human movement of the body or its parts
occurs in one plane, or essentially one plane. Thus, to make
measurements and comparisons based on photographic records,
the major movement plane must be determined and the camera
set perpendicular to and approximately at the center of this plane.
Then inovement in this plane can be measured and compared.
Any appreciable movement in the third (to-from) dimension can-
not be measured accurately or compared (except with a second,
synchronized camera and very complicated procedures). How.
ever, to-from components of movement can be observed and infer.
ences drawn, as is done in visual observation.

More specifically, directly comparable measurements can be
made only from pictures taken pe:pendicular to the plane of the
movement and at a fixed distance. In actual practice, the distance
from camera to subject and enlargement on projection may both
vary. Therefore, a scale object should be included in the photo-
graphic field. A crossbar with alternate black and white stripes
one foot wide, a six-foot or two-meter distance marked with chalk
or tape on apparatus, or anything of known size in the plane of
the movement can be used as a scale object. Knowing the actual
size of the scale object and measuring the apparent size on the
print or projection makes possible conversion of measurements to
actual units. Actual distance : apparent distance :: actual scale
length : apparent scale length i.e., actual distance equals appar-
ent distance times the ratio of actual to apparent length of the
scale object. One conversion factor will suffice if uniform distance
from camera to subject and uniform enlargement are used, but a
scale object must be included to ensure uniformity.

TIMING
Stretching the time base of movies (taking pictures rapidly

and projecting them slowly) aids observation. Slowing move-
ment to a half or a quarter of its normal speed permits more
detailed observation without losing the flow of movement. Equip-
ment ;. available for much greater "stretching," but with this,
slow movements stand still and fast movements lose their charac.
teristic flow. In human movements consisting of slow wind-ups
and fast strokes, the desirable amount of stretching is a compro.
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mise between getting interminable windups and too few frames
of the fast stroke, or between wasting film and not getting enough
frames of the fast portion for adequate study. The only solution
is to run the car,,tra fast enough for the specific job, and forget
about the cost. The real problem, if measurements leading to
computations of velocity and velocity changes are to be made, is
determination of the interval betweer names and the frames per
secondi.e., timing the exposures.

Movie cameras with internal timers recording on film are avail.
able, but expensive. Most cameras suitable for cinematographic
analysis of sport skills are spring driven and governor controlled,
with a variable speed selector in terms of frames per second. If
kept wound and warm, they accelerate rapidly and maintain a
reasonably constant speed. However, the speed selector indicates
only the approximate number of frames per second and, for veil
ous reasons, is not sufficiently accurate for precise work.

If the speed selector is not changed from sequence to sequence,
accidentally or intentionally, timing can be obtained by photo.
graphing a falling object (anything solid, reasonably heavy, and
round) and using the formula gt'/2. The acceleration of gravity
(g) is 32.2 feet per second per second, so g/2 is 16.1 (feet/
second').' A fairly accurate method, described by Cureton (4),
consists of photographing an object dropped 8 feet (which takes
.705 seconds using 16.1 as g/2) and dividinp the time by the num
bee of frames from release to contact to get the interval between
frames, or time/frame. The reciprocal (one divided by this in.
terval) is frames per second. This system has two appreciable
sources of errorrelease and contact axur generally between
frames, and the exact frame in which release occurs is difficult
to determine because the object moves very slowly immediately
after release.

A more accurate method consists of dropping an object beside
A scale so that its fall can be measured in two framesone near

lThe occeletstioo of poky (s) fixtures ssitormly the rite It itlokh bodies 101
by 3. I feet per secood each secood, et VI feet pet wood per theomtd (ft./sec").
A body at test bar as Islas% velocity (V.) el ars fete pet wood. A body falling
Eros teat bu a tersest) velocity (VI) el g tasltiplied by the lumber of woods (t)
Ito it leis, or to. The distaste (s) tbst It tills Is the armee velocity ((V.Vi)a)
rooltiplied by the time (t Is weeds). Selvetititios 0 for V. sad gi tot V. efts as
swage velocity of itit Moltiphiss swap Maily by time to get distaste tbN
6= lea (16.110.
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the start and the other near the ground. The time at which an
object dropped from a known height would reach the upper and
lower points can be calculated from the formula, s=gt1/2. The
difference is the elapsed time, and this divided by the elapsed
frames is the time interval between frames. The reciprocal is
frames per second.' These methods are reasonably accurate,
provided factors affecting camera speed have not changed.

An economical alternative to internal timing, and a simpler and
more reliable method than photographing dropped weights, is to
include a timing device in the photographic field. The external
timer may be a high speed electrical counter actuated by hun.
dredths of thousandths of a second pulses, but a large synchronous
clock with a hand making one circuit per second and with divi
sions of hundredths of a second is simpler. Either must be closer
to the camera than the subject !o give a clear image, and this is
possible only with sufficient illumination to use a relatively small
aperture which gives sufficient depth of focus. An e,..mple of a
synchronous clock appears in the top row of frames in Figure III.
The outer case was removed to avoid glare from the glass. Black
tape darts were affixed at each .05 second mark and also on the
sweep second hand.

The clock is left running during the filming, but the time of each
frame need not be read. Time is read near the beginning and
near the end of an exposure in seconds and estimated in hun.
dredths of a second. With clear .05 second marks, the maximum
error should be less than .01 second. The error in the two read.
ings tends to average rem, but :1 it does not, distribution over the
number of frames makes it negligible. Dividing the elapsed time
by the number of frames intervening between those in which the
time was read (counting the first as "Frame 0") gives time between
frames (cornputr-d to at least ten thousandths of a second) and
the reciprocal is frames per second. (Given 88 frames. and 1.89

*For tsample: a weight dropped from 6 leo was found to be 1 fed 4% inches
above the granted In one frame DJ 10'4 lathes above the marl 21 frame. leer.
the 6ftl drop rived be /A hats, cc .625 feet, and the woad ves'A be 7 feel 1%
inches, or 7.146 feet. With e = = vh4, and g =321 ft /see a:
for .62., feet, I= V 1.250/32.2 = V .038620 = .127 tee., aid twin= 7.146 feet. I=
V1424242.2 = '.443551= .666 seconds. The difference 1656-197) indicates that
.469 seconds tlapsei during the 71 haws, to the interval between haws !.46912))
h .022333 wends. the reciprocal (1/.02/333) gists 44.6 frames pet wood.



7000 FOR OW IMMO DATA 1H

seconds elapsed time: 1.89 sec/88 frames gives .0215 sec. between
frames, and 1 sec/.0215 sec. gives 46.5 frames per second.) Re.
pealing this procedure for several exposures will indicate whether
the camera speed was reasonably uniform, or whether a time base
must be calculated for each exposure.

Motu M. Maio. Nave Proses anemia woratece is perfensiag a lot.
word soottssalt %Bina (W.

MOTION WITH A STILL CAMERA
The prevalence of movies has fostered the notion that motion

picture equipment is necessary for recording movement. Actually,
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methods for recording movement with a still camera, which were
developed by Marey (38, 39) about 70 years ago aril other
methods introduced 30 years ago by Edgerton (10), are still
useful. The simplest method, developed by Morey and still used
in motion study, is to affix a small light source to the moving limb
or object and have the cursory light trace the pattern of move.
ment (30, 43). Speed of movement can be inferred, or even
measured, from the width of the tracing, which narrows as the
light moves faster and widens as it slows down. A refinement of
this is to interrupt the moving light at regular intervals and to
affix lights at several joints to show the relation of togments in the
movement pattern. Another method for showing successive seg.
mental movement was developed by Marcy (38:61). He inter.
rupted the illumination of the subject, who wore black underwear
with white snips representing the bodily segments and moved
before a dark background. This gave a series of "stick figures"
similar to those which appeared recently in Life (33).

Edgerton (10) generally used a motion picture camera in his
movemen: studies, but hp also used superimposed prints taken
with a still camera. His special contribution was the development,
with Cemerhausen, of a highintensity, highfrequency light source
(stroboscopic light) for high speed chronophotography. A patent
for the idea of instantaneous pictures (using lightning) was issued
in England before 1850, b..t Edgerton made this so practical that
press photogtaphcrs now use electronic photoflash equipment in
place of flash bulbs. The equipment is similar, but flashing the
light from 500 to 50,000 times a second is quite different from
once in five seconds. Howeve:, recording movement with a still
camera has one distinct advantagethe evidence is on one
live or print, not on 25 or 100 which must be collated. The analyt
ical methods ale similar to those used with motto:. pictures.

CINIMATOCRAPNIC ANALYSIS
After one takes the trouble to produce motion (or still) pictures

with measurable spatial and temporal relations, the obvious thing
is to start measuring and making comparisons. For maximum
detail and ease in making reproductions, 35millimetor negative
movie film is generally used. If negative film is used, it should
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be inspected for quality and, if the negative is good, a positive
contact print should be made. To attempt to measulo from pro.
jetted negatives leads to insanity. Various systems and equip.
ment have been devised for measuring from projected positives
frame by frame (20), but the simplest method is to use a micro
film reader, which is found in most libraries. These measurements
have to be converted to standard units by using a conversion factor
based on the real and apparent length of the scale object. By
adjusting the size of the projected image and choosing suitable
graph paper or measuring units, the conversion faor can bo made
a simple, rather than a complicated, multiplier, and this facilitates
conversion. The scale object also serves to align frames. A motion
picture camera, even though securely mounted on a tripod, vi
brates enough to catch successive frames in slightly different posi
lions. Consequently, a reference line, two points, or the outline of
the scale object must bo established and the projected image must
be adjusted by moving the projector or the paper to make this
coincide in successive frames.

However, before one becomes engrossed in the almost endiess
job of measuring, it is wzessary to stop and consider. The pur
pose of measurement is to test something. Newton's laws of mo
tion have been well tested and accepted, at least for our purposes.
Some measuring will be necessary for calibrationor for testing
the consistency and reliability of the photographic record. But
the real purpose of cinematographic analysis of sport skills is to
see how these laws apply, to show others how they sppli, and
eventually to improve our understanding of the physical problems
in sport skills and our instruction of them. To do this, often gcod
and bad performers, the skilled and the unskilled, or subjects
obviously differing in skill are photographed. Then the problem
is to find how the individuals or groups differ at ariou4 levels
of ability. An old, ingenious, and still acceptable shortcut exists
for helping to see these differences, which can later be verified by
meaningful measurements.

Stick Flom. The shortcut is stick figures, whiA reveal a great
deal after you learn to make and interpret them. Choote. tome
reference points on the subject, such as the tip of the toes, the
outer tnalleolus, the center of the hip, knee, and shoulder, the
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tragus of the ear, the center of the elbow and wrist, and the tip
of the middle finger. Start from some definable point in the move-
ment sequence, plot the reference points successively frame by
frame (each time aligning the picture), and connect the corre-
sponding marks with straight lines, except for the curved hip-
shoulder line, as in Figure 1V (47). These stick figures corre-
spond to frames 61 through 74 in Figure III. Tha resultant graph is
much less cluttered than a series of body outlines and shows con-
siderably more. The numbers beside the head (tragus) and toes
indicate the successive frames after release from the parallel bars,
through the somersault, to a catch. The successive body positions
and movements of parts now stAnd out clearly in their essential
relationships.

This particular sequence (Figure IV) shows something that is
often discussed In kine.dology, often demonstrated with waving
arms, but seldom seen in printtranslation of energy from one
body segment to another. Note the spacing between Frames 1 and
2, and between 2 and 3 for the head and toe. Both are traveling
at uniform velocity (equal space in equal time) durinf, this phase.
But the spacing between 3 and 4 and between 4 and 5 increases
(acceleration) and then becomes essentially constant from Frame
5 through Frame 8. But the toe shows deceleration (less space)
between 3 and 4 and between 4 and 5, and then uniform, lower
velocity from 5 to 8. Then the head slows down and !Se feet speed
up to about their original velocity. The whole body presumably
rotates uniformly, but speeding up one part produces an equal
and opposite reaction (slowing down) of another part, which
illustrates the translation of energy.

Besides being simple and easy to construct, stick figures reveal
relations and velocity changes of bodily pans gist may easily
remain hidden in measnrements. If the successive distances the
parts moved had been meticulously measured, added, and aver-
aged, a ad of (rather meaningless) average velocities would have
resulted, and the fact that significant velocity changes occurred
would never have been discovered. In the study from which these
figures were taken (47), five subjects varying in ability to per-
form the front somersault on the parallel bars were photographed
and stick figures were made for each. Comparison between sub
jects showed the differences upon which successful execution of



R
O

M
E

 U
M

W
 IIM

E
filargim

atow
s,,.4"-nt;!I IN

K
C

IM
SIN

M
E

 W
PM

 M
I' PR

I T
V

 tilit
M

E
IH

R
E

IH
E

R
iPaN

E
E

SE
IN

I M
E

M
 E

(E
 E

E
E

I
E

E
R

E
 1SIN

A
R

E
N

U
M

;71PA
ISIE

W
IN

K
IN

A
M

E
A

M
E

N
+

.. traSPIN
E

K
T

IM
It E

IN
E

alignilleg
*E

X
C

IIM
E

N
IM

IM
M

E
N

IE
N

IZ
IL

A
IM

E
t M

illialignithiE
 E

M
U

 °
'1641111;

ISO
'

1163111111M
5; rA

M
PE

N
IM

IE
N

Z
IM

O
N

IN
N

I it
.

M
I

!M
E

E

IttE
etailkN

E
M

E
N

N
I.N

O
M

E
M

B
E

M
B

E
R

N
M

E
 111111L

E
SIE

SO
M

M
I SR

I M
k V

IE
m

ilitasilkitw
lstom

o. anspganni
;I M

U
M

S E
n D

IR
SIIM

 R
O

M
&

r..ttillusiM
eN

tataN
gb&

.
310110101911 1 I M

E
M

 M
A

N
D

IE
N

ii
4

`11M
N

ISO
 N

E
O

N
IR

IM
M

E
N

E
E

K
E

E
N

V
E

IN
E

 IE
R

FPM
N

IN
IM

E
R

E
IIR

IT
IP

E
IM

IM
attgrah,

M
U

M
M

IA
.."%

ttIN
U

igifighE
lillittlE

M
B

E
E

r7=
21,w

it..
L

IR
 IN

A
 N

M
: N

M
IN

 I I E
IN

O
N

IE
W

ISSI M
N

 it K
latt ilk&

m
ixam

v,..N
r&

 lea-tgoirw
m

rm
 w

pm
; M

iN
IFIE

M
E

N
ill R

V
N

O
V

O
'

'
M

id A
M

M
O

 R
I

"L
eir.gT

.V
Z

ISog'ii
O

M
E

N
e: ; E

M
210::5711ffrilff eltp!'

E
U

IP
04tftg..4

"nlk.
11.Pfeffl

k.6-7 .--;:-.1.1411M
ga

FP.M
igititt.q1e14.N

im
m

op
i!11411i;--tz 1,111 T

T
Z

L
IE

V
IA

h M
aagifkl fir I

A
gatilbte.-c;

M
A

D
!: 0"

t
IIM

M
igitisitt-"15141.

1:1:&
 parA

____igtgE
 t ,_ffignatilPm

e
W

elt; `_etliaati
-4:11;

--eizagE
M

M
E

N
tifillth:ve,;21-''1,r-bi 41)I.SrsfA

tirM
iffiff

tifilligageratitillip;*W
hialit

;;W
:

gsggL
astaticilim

inallki,37:404a1M
F-5,71iN

E
R

M
I II k'rw

rerugH
E

IF4P4iii
prom

gium
fflassam

oragoi?z,;,;-sk-
itl:4111011.1i4

IA
M

IN
glinn gratt

.ttift:A
tia

M
E

ncialigggPir
,4111M

gifin-f
W

V
): O

PPIC
3 M

I U
K

gR
vittaa.41!...sganiC

E
-Fir

tyrulti:X
.

iE
 njiltL

ik
O

M
* tm

ak :t it ige,
M

IIR
E

M
E

R
IM

E
E

N
E

F:
01114211111ffiffitt IF M

IN
E

V
IE

N
W

PM
E

IM
IT

IS iII
M

E
IN

IFIV
IE

N
N

IM
E

 am
p: tem

m
an

C
O

N
itglgIV

-avE
IN

W
E

E
M

IE
IM

E
R

E
P

piligE
R

V
IN

A
M

E
IN

E
IggieR

V
IM

M
E

R
Z

E
.ii:E

Z
E

K
Z

E
IM

E
R

 E
Z

 ?!i 7'1;
E

E
S

R
1112

I It IlliE



111 1t1S/AtCH 141THOM

the stunt depended. From these, key differences and coaching
points were deduced, and the range of skill indleated which in.
dividual differences were significant for successful completion of
the stunt. Stick 1gures are by no means new, but they are simple,
easily made, and revealing. It might be noticed that the arm action
was drawn separately (lower part of Figure 1V) to avoid the con
fusion of overlapping parts.

Center of Gravity. Forces producing the translation, rotation, or
projection of bodies can be treated as though they act on, or
in relation to, the center of gravity. In a body with movable
parts, such as the human body, the center of gravity moves with
respect to a fixed point in the body as the parts change their re.
lationship. Tne center of gravity is the point about which the sep
crate masses times their distances sum to zero. Therefore, as
the parts move, the center of gravity moves. II xever, in projec
lion (bodies flying through space), the center of gravity follows
a parabolic path from loss of contact with a solid base to return,
i.e., from release to contact.

Location of the center of gravity is a rather complicated pro.
cedure if one uses the classic methods of 13raune and Fisher (2,
28). Applying their methods to 20 successive frames for five or
six subjects performing some stunt might take two to four months
and would involve very complex computations. A simpler method
is to find out how the center of gravity moves in the human body
with movement of the parts and to estimate its position in sueces
sive frames (after aligning each frame). The results of such an
analysis are very interwng, but too often something other than
a parabola results. Since the laws of mechanics indicate that the
path is parabolic, the estimated positions must be in error. The
system is not recommended.

A system for locating the position of the center of gravity in
successive frames was reported by Grovft (21). 7116 system is
much simpler and more direct than that of Btatine and Fisher.
The equipment consist:, of a % inch plywood pine), 6 feet square,
painted black, with two white center lines dividing the panel into
four quadrants. The panel is suspended at each corner from an
accurately calibrated (Chatillon) scale. From movies of the stunt
and prints of the successive positions., the subject is arranged on
the board in positions corresponding to those in the !Aunt. For
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each position, the net weight on each scale is read and marked
with chalk in the corresponding quadrant. Then the subject and
recorded weights are photographed from directly overhead. Tho
position of the center of gravity, with respect to the center of the
board and the subject, is computed from the combined weights.
The computation is well described in the source. it appears corn.
plicated but is not really difficult. The nest step is to transfer the
centers of gravity as determined to the successive frames of the
stunt. Barring computational errors, this method locates emu.
rata), the subject's center of gravity for the position on the board.
Consequently, the accuracy of these locations depends on the ac.
curacy with which the position of the subject's bodily parts on the
board duplicates their position in space for that frame, which is
partly a matter of judgment.

A simpler, less laborious, and probably more accurate deter.
tnination of successive positions of the center of gravity of the
body in flight can be obtained dir.xtly from two frames. Since
the procedure has not been published previously, the basic prin.
ciples and necessary steps must be presented in some detail. After
or,e labors through it once, it can be done relatively quickly.
Basically, the path of the center of gravity of a projected body is
a parabola. This parabola has two components, horizontal and
vertical, and is symmetrical about the vertical axis. tie horizontal
component of motion is uniform; equal distances are traversed
horizontally in equal units of time (frame by frame). Vertical
travel is also uniform, but not in the sense of the distances being
equal, since it depends, in essence, only on the acceleration of
gravity (0/2). By determining with reasonable accuracy the
location of the center of gravity at release floss of contact with a
solid base) and contact (regaining contact), the parabola of flight
can be constructed accurately, or accurately enough for graphing.

The first step k to locate the trams in which release and con
tact occur. Since both probably occurred between frames, the
frame chosen for release should be that immediately preceding
the one in which support was lost clearly and that chomt for
contact, the frame in which support was first regained clearly. A
sheet of graph paper should be aligned with a known wellies! Of

horizontal in the projected image, the scale object should be indi
cated, and then the body outline should be traced at release. After
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realignment of the paper, if 1,. pessary, the body outline should be
traced at contact. This gives two, perhaps partly overlapping,
body outlinesone for release and the other for contact.

The second step is to determine the center of gravity of the
body in each position. The center of gravity is the point about
which the moments (body masses times their distances) are equally
distributedsum to zero. Using a 6. or 8inch, 360° transparent
protractor, the researcher should set its vertical and horizontal
axes square with the graph paper. The protractor should be
moved horizontally until half of the body outline (or half its esti.
mated weight) appears to be on each side of the vertical axis.
Then it should be moved vertically until half the body (weight)
appears to be above and below the horizontal axis. When it looks
right, a pencil is put through the center hole and the protractor
rotated slowly back and forth through 90°. Ii it is at the ewer
of gravity, the masses times the distances of bodily parts bisected
by both axes will balance. Note that the moments of bodily parts
as bisected by both axes should remain balanced. Thus, as the
protractor is rotated, the researcher must decide whether a hand
way out from the center balances a portion of the posterior close
in. The protractor gives some specific basis for making such a
judgment. As the protractor is rotated and the portions of the
body appear and disappear in diagonal quadrants, if it seems
possible that they could balance there is a close approximation
of the center of gravity. This can then be marked and the process
can be repeated for the remaining body outline. If they do not
balance, it is necessary to begin again to find the center of grtvity.

'laving located the center of gravity at release and contact, the
parabola of flight can be constructed. The two points may not be
level horizontally, but this makes no difference in determining the
successive abscissas which are equidistant per frame regardless of
elevation. From the center of gravity at release, a light, horizontal
reference line (abscissa) is drawn, and the point at contact is
projected perpendicular to this line. The number of frames is
counted from release to contact; the horizontal travel is divided
by the number of frames, and these are plotted on the abscissa.
These are the positions which the center of gravity was above or
below in successive frames. The next step is to determine the
vertical components per frame (ordinates).
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The ordinate% depend on the acceleration of gravity, so from
here on a table of solutions of 80/2 for hundredths of second hi.
tervals helps materially. If g/2 is 16.1 feet (per second per sec-
ond', for .01 second it is .0016 feet; for .02 second, .0064 feet;
. . . for .1 second, .161 feet (about 2 inches); for .2 second, .644
feet (about 8 inches), etc. The table is easier to make than it
seems, but it must be remembered that digits to the left of the
decimal point are feet and those to the right must be converted to
inches (by multiplying the decimal fraction by 12). Also, these
are actual distances and must be converted according to the scale
used in graphing. If a constant subjecttocamera distance was
used, a column of scale values for graphing can be made by multi-
plying the actual values by a conversion factor.

Vertical rise is decelerated and fall is accelerated by gravity
alone. Rise from, and fall to, the same level takes equal time.
The "high point" of the parabola will fall on the axis at half the
time in flight (to the same level), or at half the horizontal dig-
lance between release and return to the same level. Unless the
difT^rence in elevation at release and contact is appreciable (see
below), the high point will fall on the vertical axis half the hori-
zontal distance iron release to contact. half the number of
elapsed frames times the interval between frames (in ten-thou-
sandths of a second) will give the half-time of flight (rounded
to thousandths, or hundredths, of a secom!). From this, the dis-
tance the body \Amid have fallen during the half-time can be
determined from the table and the elevation of the high point
plotted on the vertical axis. The high point is the reference point
for succeeding calculations.

To locate the position of the center of gravity frame by frame,
the half-time is subtracted from the elapsed time of each succeed-
ing frame (working in thousandths of a second and rounding to
hundredths). Intervals on the ascending arc will be negative, but
the absolute values will give the "distance fallen" from the con-
version table. nese values are subtracted from the elevation of
the high point to find the ordinates for the frames. When this is
plotted abole the corresponding abscissa (or below if negative),
the result is the parabola of flight of the center of gravity frame
by frame.
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For simplicity in the above description, the center of gravity
at release and contact were assumed to be at the same elevation.
This is obviously false, partly because elevation is usually lost
and rarely gained in flight, but primarily because the camera only
by sheer chance catches the subject with his center of gravity at
precisely the same elevation at release and cortact. Where actual
contact occurs more then part of a frame above or below the ele
vation at release, the frame in which the center of gravity most
closely approximates the level at release can be used ff.,: the "con
tact" frame. The duration of flight, and halftime, on this basis
will give only a close approximation of the elevation of the high
point. The error in using the closer frame for contact is less than
half the interval between frames and the halftime halves this
error, so the error is often within th,1 possible accuracy of graph.
ing. Regardless of the halftime used, the computed elevation for
the center of gravity at release will fall on the reference line, as it
should (the computed elevation will be zero), but the center of
gravity of the "closer" frame will also fall on the reference line,
wher. it should not. This occurs because the halftime is slightly
ia error. If the descending arc of the parabola of flight is longer
than the ascending, or the duration of flight is considerable, the
error between the actual and computed elevation of the center of
gravity at contact may be considerable. A closer approximation
of the instant of halftime is needed.

The closer approximation is simply a matter of increasing the
halftime, if the center of gravity in the observed "closer" frame
was above the reference line, or decreasing the halftime if it was
below. Or, if the computed elevation at contact is below the ob.
served elevation, the halftime should be increased, and if above,
decreased, l3riefly, increasing the halftime raises the high point
and also the computed elevations (ordinates) on the descending
arc; decreasing it lowers them. Depending on the number of
frames per second and the interval between frames, increasing
or decreasing the halftime may overcompensate and it may lx
necessary to work in thousandths of a second. With the correct
instant of halftime, the parabola of flight will fit the observed
contact and release points. With short vertical travel and time in
flight, a first approximation will suffice. Longer vertical travel and
time in flight require a closer approximation of the instant of
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half-time and also make the errors of rounding thousandths of a
second to hundredths appreciable in using the conversion table.
Errors of rounding may be minimized by working in thousandths
of a second and using linear interpolation between the table val-
ues. Finally, although any half-time will give an ordinate of zero
at release, so that the computed point coincides with the observed,
any change in the half-time requires recomputation of ordinates
on the ascending arc as well as the descending arc.

PREPARING ILLUSTRATIONS
The final step in preparing photographic material for a thesis

or publication is to make composites. Look back at Figure III.
The best sequence was selected and 3 x 5 inch enlargements were
made from the 35millimeter negative. Prints were made of the
complete series, even though some pictures made during slow
phases of the movement were to be discarded, since the prints are
relatively inexpensive. An estimate was made of the necessary
portion of each printhalf to two-thirds being background. From
these dimensions, an estimate was made of the number of rows
and columns that would fit some multiple of the dimensions of
the finished page. Page sizes vary, but some multiple of 7 x 10
inches is fairly standard. From this, the exact height to which each
print would be cut was computed so the final rows would be of
uniform height. A standard width was also computed, but some
prints were cut wider to show specific things, so some had to be
cut narrower to keep the length of the row uniform. In this
process, a complete sequence of the vital frames should be kei,t
and the sequence filled out with selected frames from the wind-up
and follow-through. A neat composite with a maximum of illus-
trative material requires considerable preliminary planning. The
cropped prints can be mounted on poster board with rubber ce-
ment, though this should never be used for mounting prints in
theses since it only holds for a year or two.

In Figure HI, the frame number and elapsed time of each
frame were typed on white paper, trimmed, and affixed in the lower
left corner. The typewriter used had the large type commonly
used in libraries for cataloguing. The composite was 18 x 22
inches in the original. From this an 8 x 10 negative was made.
For publication, glossy prints are necessary. But for theses, what
is called an "outline special" is sufficientan 81/2 x 11 inch,
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single weight, nonglossy, contact print. Prices for photographic
work vary, but with four or five prints to be reproduced in a thesis,
making a composite, labeling it, and rephotographing it is often
cheaper than other methods, besides being neat and permanent.

The cheapest and simplest method of preparing graphic ma-
terial for publication is by "blackline"a direct positive repro-
duction process, The material must be prepared in the finished
size desired on translucent paper (drafting paper or, for graphs,
paper like Dietzgen No. 346). Figure IV was prepared in this
way and the labels were typed on with a sheet of carbon reversed
under the graph paper in order to have sufficient density to print
well. If preparation of the graph in the finished size is not con-
venient, photographic reproduction can be used.

GENERAL SUGGESTIONS
Complete coverage of photography is beyond the limits of this

section, but photography has an extensive literature. Several
previous discussions of photography as a research tool in physical
education have been published (1, 4, 18, 20, 35, 36, 42). How-
ever, some additional practical suggestions may help. Photography
has no guardian angel for fools and novices, so good results re-
quire careful planning. A messy background is a great distraction.
Your theater may have a castoff backdrop that looks badly faded,
but will photograph well and provide a neutral background. When
photographing the human body in action, the less and the closer
fitting the clothing, the better. Many photographers prefer indoor
conditions and artificial lighting. But when the camera must be
30 to 40 feet from the subject to get extensive action without pan-
ning (which introduces to-from distortion), sufficient artificial
illumination is difficult to manage without blowing fuses. Natural
sunlight, outdoors, with the sun at your back, is le'ss artistic, but
its use results in sharper negatives because of a smaller aperture
and greater depth of focus.

Photographing swimmers presents special problems. With the
earnerr just above the water level, so that its axis is perpendicular
to tho major movement plane of the in-air portion of the stroke,
the underwater portion is lost because of total reflection. Raising
the camera and shooting down at an angle makes the underwater
portion of the stroke visible. But shooting down (or up) under-
water with the camera axis not perpendicular to the major move-
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ment plane introduces perspective distortion. Also, as the light
rays leave the more dense water and enter the less dense air, re-
fraction makes the apparent depth of portions of the body appear
much less than their actual depth and waves distort or even oblit-
erate the refracted image. Refraction operates in underwater
movies, but a scale object in the major movement plane will make
the action measurable and comparable, unless an appreciable to-
from component is involved. Unlike their action in running, the
arm and leg actions in swimming are rarely exclusively or primar-
ily in the same plane. Consequently, one camera angle will not
suffice for the whole stroke, and analysis of parts with later syn-
thesis of the whole is necessary.

For maximum detail and flexibility in processing, 35-millimeter
negative movie film is best. Direct positive and 16-millimeter can
be used for observational analysis, but obtaining enlarged prints
for analysis and composites may prove difficult. Home movie
film (8mm) is not suitable for analytical work. A telephoto lens
reduces to-from distortion, but requires greater subject-to-camera
distance, which may cause problems indoors. Most movie cameras
have a circular, rotary shutter with an opening of about 160 de-
grees. Manufacturers often have available a shutter with an open-
ing of about 40 degrees. Substitution of the later reduces, in this
case by one fourth, the fuzziness of rapidly moving parts and
gives sharper pictures. But, since this also reduces the exposure
time, compensation must be made in figuring the aperture with a
light meter. Finally, it is necessary to remember the major move-
ment plane and to-from distortion, the scale object and timing
device, and that the camera must be loaded.
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CHAPTER 6

Laboratory Planning
and

Instrumentation

FRANK SILLS

THERE ARE A NUMBER OF ESTABLISHED LABORATORIES IN PHYSICAL

education that have been very productive. The majority of these
laboratories have been developed through the efforts of individuals
who have had the training and the necessary interest to conduct
laboratory research. It is now apparent that many more schools
and universities are interested in sponsoring research laboratories
in their physical education departments.

Fundamentally, a laboratory in physical education is not very
different from that in any other area and, for this reason, it it.
wise to consider accepted principles underlying the development
of a research laboratory. It is hoped that the principles cited at
the end of this chapter will guide persons intending to set up
laboratories and that these principles may be used on the basis of
!heir relative merits in respect to a particular laboratory.

PLANNING THE LABORATORY
Many physical educators assume that the cost of a research

laboratory is prohibitive and do not, therefore, consider dwelop
lug one. A laboratory can be developed, and probably should be,
in those institutions that have a graduate curriculum in physical
education. In most cases, the initiative must come from faculty
members who desire to work in a laboratory situation. The sim

I4.
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pleat way to begin, in the author's opinion, is to develop a number
of research projects which require inexpensive laboratory equip.
ment. Once the laboratory is underway, it is probable that the
school administrator will encourage its development

Once a few items of equipment are purchased or L e constructed
by the members of the staff, the laboratory is underway. It is now
a problem of setting up additional research projects utilizing the
original equipment and obtaining additional equipment as needed.
By small additions over a period of a few years, a well-equipped
laboratory will evolve. Just how elaborate the laboratory will be
is a matter for the administrator and staff to decide. The produc-
tion of good research in selected areas may attract the attention of
research foundations or other sponsoring organizations, or may
serve as a basis for requesting financial aid from the school's
budget.

Those who are fortunate enough to obtain a large grant to start
a laboratory should not buy equipment and supplies indiscrimi-
nately. To purchase an electromyograph for a laboratory simply
because some other school has been doing research wTth this in-
strument is foolish because there may never be anyone in the lab-
oratory interested in this type of research. The initial grant should
be used only as needed, and future needs should be anticipated
very carefully. It is wise to remember that the laboratory which

'produces a considerable amount of valuable research with a limited
amount of eqiupment is a better laboratory than the one which is
elaborately equipped but used sparingly. It is very important,
then, that equipment and instruments be purchased or built as the
demand for them arises.

One of the more serious mistakes commonly made in a labora-
tory is the purchase of expensive equipment without an adequate
maintenance budget. If the repair and maintenance of equipment
can be taken care of by the personnel who regularly work in the
laboratory, the item in the budget for this purpose is small than
is the case when "outside" technicians must be employed. Some
schools are fortunate enough to be able to employ an engineering
student for part-time work, while others are fortunate enough to
have a medical school nearby where aerological and other tests
may be obtained at a minimum cost.

All of these factors, and many more, must be taken into consid-
eration in the planning of a laboratory.
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INSTRUMENTATION

The equipment and instruments described here are those which
have been used in the field of physical education during the past
several decades. It is impractical to include a detailed description
of every item, and the author has attempted to select only those
that are representative of different types of research.'

The presentation of the instruments is divided into ten cate-
gories, each category representing one or more phases of human
performance: speed, strength and force, reaction time, neuro-
muscular tremor, kinesthesia, balance, muscle voltage, metabolism,
circulorespiratory endurance, and selected factors of physical
performance.

Since many of the instruments used for research in physical
education have not been given specific titles, the presentations for
each category are made according to the applications of the instru-
ments. For this reason, a heading such as "Speed of Rotary Arm
Movement" may appear twice, and two different instruments for
measuring this particular physical performance may be presented.
Each presentation is divided into Basic Components, Application,
and Source.

Measurement of Speed

1. Speed of Rotary Arm MovementA
Basic Components: gear reduction box, cam microswitch, and electric

timer.
Application: This apparatus may be used to measure the speed of rotary

movements of the arm. By turning the handle, the subject causes a cam,
which is set at a 1.24 ratio, to rotate. The cam completes the electric
circuit wi,ich starts the clock. After 24 complete revolutions of the arm,
the cam will break the electrical circuit, stopping the clock.

Source: Zorbu, William S., and 1Carpovich, Peter V. "The Effect of Weight Lift-
ing Upon the Speed of Muscular Contraction." Research Quarterly 22:145-48; May
1951.

2. Speed of Rotary Arm Movement-8
Basic Components: bicycle crank with a radius of 71/4 inches mounted

in a frame and attached to a strong upright on the wall, the axis of the
crank 58 inches from the floor; an electric counter which can be read
at 15-second intervals.

I A list of the companies from which equipment of this type may be purchased is
available upon request to the Research Council of the American Association for
Health, Physical Education, and Recreation.
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Application: This apparatus is used to test speed of nmement involving
the use of the alms and shoulders. The subject takes hold of the crank
with both hands and turns the crank at maximum speed. The number of
turns is recorded on the electric counter and read at 15-second intervals.
If desired, a fatigue curve may be obtained by plotting the rate of move-
ment in successive 15-second time periods.

Source: Wiikin, Bruce M. "The Effect of Weight Training on Speed of Movement."
Research Quarterly 23:361-69; October 1952.

3. Speed of Arm MovementA

Basic Components: two movable posts covered with sponge rubber,
and chronomope.

Application: This apparatus may be used to measure the speed of move-
ment of the arm or other parts of the body from one point to another.
One application is to place the posts a given distance apart, so that releas-
ing the hand from one post will close the circuit to the standard timer and
striking the second post will open the circuit to the standard timer. The
time is recorded on the chronoscope.

Source: Raseb, Philip J. "Relationship of Arm Strength, Weight, and Length to
Spced of Arm Movement." Research Quarterly 25:328 -32; October 1954.

4. Speed of Arm MovementB
Basic Components: synchronized chronoscope graduated in .01-second

units, make and break switches, and target.
Application: This apparatus may be used to measure the forward

velocity of the dominant hand over a distance of 11 inches. The apparatus
may be modified to meet the demands of various kinds of experiments.

The subject places his hand on a switch which, when released, starts
the chronoscope. lie then moves his hand forward a distance of
inches, striking the target, which stops the chronoscope.

Source: Pierson, Wm. IL "Comparison of Fencers and Non-Fencers by Psycho-
motor, Space Perception, and Anthropometric Measures." Research Quarterly 27:
90.96; March 1956.

5. Speed of body Movement

Basic Components: control box with relay, chronoscope make-switch
box, and break-switch box.

Application: This apparatus may be used to measure speed of body
movements. The make switch and break switch are set in separate units
which can be moved to any desired location. The apparatus may be used
to measure speed of leg movement, arm movement, trunk movement, or
movement of the entire body from one location to another. The subject
releases a snap switch which makes the contact starting the chronoscope,
and then strikes the second switch which breaks the contact with the
chronoscope.

Source: Sills, Frank D. Physical Education Research Laboratory, State University
of Iowa.
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6. Speed of Co-Ordinated Movement

Basic Components: an operating key comprised of a repositioned silent
operating Bt./Itch, a thyratron electronic tube, light and sound stimuli, an
inverted amplifier output transformer with a low voltage supply, skin
electrodes, and a chronograph.

Application: This apparatus may be used to measure sin* reaction
time and speed of co-ordinate movements. An adjustable electronic delay
circuit provides a means for administering a mild electric shock when
the subject makes a slow response. Either light or sound stimuli may be
used.

Source: Henry, Franklin M. "Increase in the Speed of Movement by Motivation
and Transfer of Motivated Improvement." Research Quarterly 22:21948; May 1951.

7. Speed of Running

Basic Components: a chronograph consisting of a constant speed
phonograph motor with a 50tooth gear turned by a telechron motor, a
recording pen, starting box, and contact gates which make the circuit,
causing a recording to be made on the chronograph.

Application: This apparatus may be used to measure the velocity of a
runner at various distances up to 50 yards. The switches on the 10 gates
placed at 5-yard intervals are hooked up in series, as is a clap board with
electrical contacts that provide the starting signal. The runner's time
for each 5 yards up to 50 yards is recorded on the chronograph as he
runs through etch successive gate.

Source: Henry, Franklin M., and Trafton, Irving R. "The Velocity Curve of Sprint
Running." Research Quarterly 22:409.22; December 1951.

8. Speed of Repetitive Movement

Basic Components: specially constructed platform with one half rigged
in such a way that a spring lifts platform when foot is removed, electrical
contacts on platform, and Veeder-Root Electric Counter.

Application: This apparatus may be used to measure speed of running
in place. The subject stands on the platform. Each time he raises his left
foot he breaks contact, and each time he lowers his foot he makes a con-
tact activating the electric counter. The number of steps which the subject
takes in a given period of time may be accurately determined. Two
counters may be used with both the right and left halves of the platform
hinted. An electric timer may be included in the circuit, so that throwing
the starting switch will turn on both the timer and counter at the same
time. At the end of ten seconds, both the contact to the counter and
electric timer may be broken.

This apparatus may also be used in a vertical position to measure speed
of punching.

Source: Sills, Frank D., and O'Riley, Vernon E. "Comparative Effects of Rest,
Exercise, and Cold Spray Upon Performance in Spot Running." Research Quarterly
27:217.19; May 1956.
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9. Velocity Measurement of Baseball

Basle Components: baseball partially coated with conducting silver
electrodes to be attached to fingers, electroswitches, standard electric
timer, and a speaker unit.

Application: This device is used to measure the velocity of a pitched
ball. When the pitcher holds the ball with the electrodes across the coated
area, the electrical circuit is opened. When the ball is released, the electric
timer begins running and, when the ball is caught, the sound waves
created are picked up by a speaker unit so that the impulse from the
sound wave is used to stop the timer.

Source: Slater.Harnmel, A. T., and Andres, E. If. "Velocity Measurement of Fast
Balls and Curve Balls." Research Quarterly 23:95.97; March 1952.

10. Velocity of Bodily Movements and Projectiles

Basic Components: cathode-ray oscillograph, wide range oscillator,
transformer, condenser, resistors, 35mm camera, camera tripod, and con-
tact points for circuit as desired.

Application: This apparatus may be used to measure. a single response
or multiple responses. It is possible to impress a time wave on the
cathode-ray oscillograph and to initiate the movement of the ray across
the face of the CRO. As the ray moves across the face of the CRO, it is
possible to interrupt it by means of completing electrical circuits in
parallel.

The apparatus may be used effectively to measure velocity, for prob-
lems similar to that presented under 4. Speed of Arm MovementB
above, and also to measure the velocity of objects traveling at extremely
high velocities such as thrown balls, batted balls, and similar projectiles.
For measurements of the latter type, it is necessary to use either a sound
pick-up or some type of photo-electric screen. In the measurement of
velocity of running, it is possible to record measurements in fiftieths or
hundredths of a second; and for measurements of the velocity of thrown
or batted balls, it is possible to measure to an accuracy of 5/1000 of a
second.

Source: Sills, Frank D. Physical Education Research Laboratory, State University
of Iowa.

Measurement of Strength and Force

1. Resistance and Propulsion in Swimming

Basic Components: a one-horsepower, two-phase, 6-cycle, 220-volt motor,
rated at 1750 revolutions per minute; V-belt, steel shaft, 5-step pulley, and
heavy cord for towing swimmer; kymograph and spring scale to measure
force; and a pacing device consisting of a synchronous motor, storage
battery, pulley system, and automobile horn. (A tape tecorder with
speaker may also be used as a pacing device.)
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Application: This apparatus may be used to investigate the problem
of water resistance and propulsion in swimming. The subject wears a
belt with a small steel ring to which the heavy cord may be fastened. This
cord extends to either end of a steel shaft. The shaft is controlled by the
motor, and the revolutions may be varied according to which one of the
five pulleys is employed. The force exerted by the swimmer upon the
apparatus which is suspended is measured by means of a kymograph.
An electrically heated stylus extends from the arm of the scale, making
a continuous mark on the waxed paper of the kymograph.

Source: Alley, Louis E. "An Analysis of Water Resistance and Propulsion in
Swimming the Crawl Stroke." Research Quarterly 23:253.70; October 1952.

2. Forces Exerted in Swimming

Basic Components: the same components as given under 1. Resistance
and Propulsion in Swimming above. Instead of using a suspended ap-
paratus and spring scale, two steel beams which permit less than 1/100 -
inch movement under loads of 50 pounds are attached to the sides of the
swimming pool. Four 500ohm bobbintype strain gauges, a Hathaway
MRC12 strain gauge control unit (which serves as an amplifier), and
a Hathaway S14-C with recording paper and a recording galvanometer.

Application: This equipment mey be used to measure drag and effec-
tive propulsive force when the swimmer is pulled through the water or when
he swims against resistance. The strain gauges measure the amount of
deflection imparted to the beams. The deflection is amplified and recorded
so that the amount of force exerted by the swimmer is known. A timing
wave of 60 cycles per second is marked on the recording paper, and a
pacing device, like the one described under 1. Resistance and Propulsion
in Swimming above, is used.

Source: Counsilman, James E. "Forces in Swimming Two Types of Crawl Stroke."
Research Quarterly 26:127.39; May 1955.

:1. Charging Force

Basic Components: microphone, amplifier, clock, 1-beam on which a
padded dummy is mounted, tension springs, calibration spring, micro-
switch, roller bracket, and recoil spring.

Application: This instrument may be used to measure the speed and
force of a football charge. When the snap signal is given the impulse is
picked up by the microphone, amplified, and used to start the electric
clock. When the subject strikes the dummy, which is attached to the I.
beam, the movement of the I-heam is determined by means of a pointer
which is attached to it. This pointer indicates the amount of force exerted
and will remain in place until it is reset manually.

Source: Elbe!, Edwin R., and others. 'Measuring Speed and Force of Charge of
Football Players." Research Quarterly 23:295-300; October 1952.
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4. Force and Tire Factors Involved in Sprint Start

Basic Components: the same as indicated in 4. Speed of Arm Move-
mentB under the section on Measurement of Speed; in addition, start-
ing blocks consisting of wooden face plates mounted on a metal carriage,
roller bearings, two rack and pinion combinations, and a kymograph.

Application: In addition to the recording of velocity, the amounts of
force applied on the rear foot plate and front foot plate are measured, in
pounds, by means of the tiding carriage as it presses against the coil
spring. The time characteristics ar .rorded by means of an electro-
magnet with the stations at 5-yard interns!s as indicated under 4. Speed
of Arm MovementB in the section on Measurement of Speed.

Source: Warr, Franklin IN. 'Force-Time Characteristics of the Sprint Start."
RolearcA Quite* 23 :001 October !gm

5. Muscle Strength

Basic Components: CAtde tensiometer, cable, and attachments.
Application: The cable tensiometer, which is manufactured by the

Pacific Scientific Company of Pasadena, California, *nay be used to
measure the strengths of numerous muscle groups. It is left to the txperi-
menter to determine the manner in which the 1/16-inch cable should be
attached to the subject end to a fixed point. The tension on the cable is
measured by running it through the tensiometer. One of the advantages
of using the tensiometer is that the excursion through which the subject
may more a particular body part is limited, thereby eliminating a possible
Milt of error.

Solace: aerie, if. Harrison. "Compatt,:s of Instruments tot Recording Mode
Strength." ReseartA Qoatterty 25:398-411; December 1954.

6. Muscle Strength and Muscle fadvrance--A

Basic Components: grip dynamometer comprised of alvirrilurn grips,
drain gauge (containing a Wheatstone bridge so that an i.itrease in
resistance on two wires of the bridge and a slight decrease on the second
two cause Imbalance), an AC amplifier, and a 5milliampere DC Etter.
lineAngus Recorder.

Appikerion: This instrument may be used to measure both isometric
and isotonic work. The subject's maximum application of force during
s specified period of time may be recorded to determine muscle endurance.
This type of instrument may be modified so that it may be used to measure
the strength and strength endurances of numerous muscle groups.

Sevee. iltompos, Clem W. ".Caws Pbrria logic t6eris of Isometric awl how&
Work is Mils." ResearcA Qsatet ty tt:476-$2; December 1054.

7. Muscle Strength and Muscle EnduranceII

Basic Components: Baldwin SR4 Type 1.11 load cell, amplifier, and
recorder.
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Application: This apparatus is an adaptation of that described under 6
just above. It is used to measure back and leg strengths and may be
calibrated from 600 to 3000 pounds. The apparatus may also be modified
to measure abdominal strength and strengths of muscles not so strong as

the back and leg muscles.

Source: Tuttle, W. W., and others. "Relation of Maximum Back and Leg Strength
Endurance," Research Quarterly 26:96106; March 1955.

S. Muscle Strength and Muscle EnduranceC
Basic Components:the components described by Kelso and Hellebrareit,

which include the following: a wheel and axle, two counters, a distance
meter, kymograph, mechanical chronograph driven by 6tpm voltage re-
duction and insulating transformer, and apparatus for connecting subject
with ergograph.

Application: The ergograph is used to study repetitious movements
rather than a single movement. It provides a method for measuring
fatigue in terms of the number of times a given resistance can be moved.
The most recent modification of the ergograph is that by Hellebrandt and
Kelso in which a wheel and axle have replaced the sling previously used
by Mosso. The wheel and axle made it possible to keep the angle of pull
the same throughout the entire movement.

The apparatus can also be used in doing repetitious bouts of a set
number of contractions against progressively increasing resistances. This
may be done by giving a subject a short rest between bouts, and adding
resistances as desired. The HellebrandtKelso Ergograph includes an
electromagnetic signal for indicating the number of contractions per-
formed, and provides control of the load by means of two vertical rods
with a minimum of friction. it eliminates overhanging parts found in
previous models of ergographs, and also has a distance meter for record.
big the accumulative height that the resistance is lifted.

Source: Claite, N. Harrison. "Recent Advances in Woomera and Understand-
ins of Volitional bloitlat Strength." Research Quarterly V:263-75; October 1956.

9. Abdominal Muscle Strength and Endurance

Basic Components: special table (Ann Arbor Instrument Works, 725
Packard, Ann Arbor, Michigan) of steel construction with padded plastic
surface, (44 feet long by 3 feet wide; resistance coil with a movable lever,
resistance rod, and crank; bar attached to lever that crosses subject's
chest; kyntogrsph; timing device; and resistance indicator.

Application: Apparatus may be used in the testing of abdominal muscle
strength and endurance. The subject lies on the table in a hook lying
position with a rigid bar tight against the chest, and two inches below
shoulder level. The resistance indicator is set to register 20 pounds, and
the subject raises his trunk off the table as far as possible. The trunk is
held in this position for 30 seconds. The highest point on the curve
drawn on the kymograph is used in computing the strength of the abdorni
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nal muscles, while the area under the line drawn on the kymograph Is
measured by a planimeter to determine the strength endurance of abdoni.
Ina! muscles.

&wee: Walters, C. Etta, and Harris, Ruth W. "An Apparatus for Measuring
Abdominal Strengt ls and Endurance." Physic's: Therapy Review Vol. 33; September
1933.

Measurement of Reaction Time

1. Football Charging Time

Basic Components: chronoscope, target attached to the extension of a
hinged typed circuit breaker, butter, leather helmet, and mattress.

Application: This apparatus may be used to determine the response
time of a charge similar to that used by a football player. The subject
take. a three-point stance and, in response to the busier signal, charges
the target which he strikes with his head. The distance between the target
and the subject's head is 12 inches. Following his charge, the subject may
fall forward on the mattress, which helps break the force of his fall.

Some: Marto lit, Cu. G. 'Relation of Charging Time to Blocking Performance
in Football." Research Quarterly 26:17042; May 1933.

2. Total Body Reaction 'VMS

Bask Components: two metal contact plates, light stimulus, chronoscope,
platform, microswitch, and visual stimulus consisting of a 105-12.5 split.
plate, neon glow lamp.

Application: The total body reaction time to be measured by this ap-
paratus is done in the following way: When the visual stimulus is given,
the subject steps forward. When the left light comes on, the subject steps
off with the left foot and when the tight light comes on, the subject steps
forward with the right foot.

Scarce: Slater-Hammel, A. T. 'Initial Body Position and Total Bade Retake
Time." Research Qsarterly 24:191.96; Match 1953.

3. Reaction Time from Visual Stimeles
Basic Components: an angle-iron framework, wooden base, metal plate,

a marble or a rubber ball.
neplication: This apparatus may be used to measure simple reaction

time as determined by movement of the hand. The subject places his hands
at varying distances from the metal plate behind which is hidden a small
marble or ball. When the object drops into the subject's field of vision,
he troves his hand as quickly as possible from the hand test. The dis-
tance from the hand test to the marble (behind metal plate) will determine
the time lapse. By varying the distance of the hand from the hidden
object, the reaction time of the subject is determined.

Soiree: pater - Hammel, A. T. "An hespentite Gravity Reaction Time Devke."
Research (Nacre* 25:218 -21; May 1964.
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4. Reaction Time from Peripheral Stimuli

Basic Components: new.. glow lamps mounted around en arc with a
radius of 58 centimeters, deadrest mounted at center of arc described by
lights and adjustable in 3 dimensions, response key for subject, control
switch, chronoscope, and 300-cyclepersecond tone to mask external
disturbances.

Application: This apparatus is useful in determining reaction lime to
light stimuli located at various positions in the peripheral field. The sub.
;.act responds to whatever light is activated by the experimenter.

Source: SisterHammel, A. T. "Reaction Time to Light Stimuli in the Peripheral
Vitus! Field." Research Quarterly 26:8287; March 1955.

5. Reaction Time from Movement Stimulus
Basic Components: The components are similar to those described by

V. H. Denenberg in the American Journal Psycholcgy in 1953. They
consist of an electromagnet energized by direct current, experimenter's
switch, soft iron bar riveted to a leather wrist band, telegrap'.! key, and
chronoscope.

Application: This instrument is used to measure reaction time as
initiated by movement of a part of the body. In using this apparatus, the
subject abducts his left arm, to which is attached the iron bar that comes
in contact with the electroinagnet. The magnet holds the subject's arm
in abduction until the experimenter's switch makes the magnet inoperative.
At the same time, the chronoscope is started and will continue to run until
the subject removes the fingers of his opposite hand from a telegraph key.

Source: SlaterHammel, A. T. "Compatisoas of Reaction Time Measures to Stim-
ulus and Arm Movement." Research Quarterly 26:470-79; December 1955.

6. Choke Response Time

Basic Components: control box consisting of relays, light stimuli, and
control switches for operator; target switches (adjustable as desired by
experimenter); and chronoscope.

Application: This apparatus may be used to determine the response
time of an individusl when a choke has to be made. There are four
stimulus lights which indicate the targets which the subject Mutt touch.
The targets may be placed at any position desired. When a light stimulus
appears, the chronoscope circuit is closed; then, when the subject strikes
the correct target, the chronoscope circuit is opened.

Source: Weadlet, A. I. Physical Edncation Research Laboratory, State University
of lova.

7. Reaction Time and Multiple Response Time

Berk Components: same as for preceding lest plus a second chronoscope
in a separate circuit to measure reaction time.

Application: When the light stimulus appears, the first chronoscope
circuit is closed. Then, when the subject removes his hand or foot from
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the reactiontime key, the first chronoscope circuit is opened so that
reaction time is measured. Simultaneously with the removal of the hand
or foot from the reaction time switch, the second chronoscope circuit is
closed. This second circuit will be opened when the subject strikes the
appropriate target so that response time may be measured.

Source: Sills, Prank D. Physical Education Research Laboratory, State Univeraity
of Iowa.

8. Reaction Time from Auditory Stimulus

Basic Components: Impulse counter and interval timer, telegraph key,
and a hand switch.

Application: This apparatus may be for measuring the combine
tion of reaction time and response time. The subject responds to a stimulus
bell, which also starts the timer. When the subject strikes the target, it
stops the ringing of the bell and the timer. The same type of hookup may
be used to measure movement of the entire body in response to a stimulus.

Source: Wrn. 0, :nd Fad, Edwin R. `Reaction Time of Male High
School Students and Fourteen-SevesteenYear Age Groups." Research Queue ly
19:22.29; March 1948.

Measurement of Neuromuscular Tremor

1. Neuromuscular Tremor Amplitude
Bask Components: a strain gauge, amplifier, and recorder.
Application; This apparatus may be used to measure the magnitude of

neuromuscular tremor. Neuromuscular tremor has been shown to be a
sensitive measure of the effects of stress upon physiologic responses. The
subject's static tremor is recorded from the index finger of an outstretched
arm. The finger barely touches the activated pin of the strain gauge
which is supported on a ring stand. The pressure on the activated pin
changes the potential in a Wheatstone bridge, and the change in potential
is recorded. The soltage is amplified prior to the time that it is recorded
on graph paper.

Soiree: Mitcham. John C, and Tittle, W. W. Int hence of Exercises, Emotional
Stress, and Age on Static Muscular Tremor Magnitude." Research Qaarterly
65.74; March 19S4.

2. Neu foray:twist Tremor Duration

Basic Components: a chronoacope, stylus, metal plate with a target hole.
Application: This apparatus may be used to measure neuromuscular

tremor in a manner similar to that in the preceding discussion. However,
instead of using a strain gauge, amplifier, and kymograph, an electric
timer records the number of seconds during which the subject is unable to
keep the metal siylus from contacting the edge of the target hole. The
opening used in the metal plate is 0.147 inches, and the tip of the stylus
has a diatnete: of 0.055 inches.

Saw,: Slaterflarnmel, A. T. "battiest. is Order of Exercise Bouts Upon Neutr-
inos/slat Tremor." Research Qaarrerty 26:88-4S; March 1955
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Measurement of Kinesthesis
1. Kinesthetic Perception and Adjustment

Basic Components: two vertical shafts, mounted on a stand, which pivot
freely; tension spring connecting the two vertical shafts; cam; motor;
speedreducing gear box; a chronograph specially designed from a
rnonodrurn; and a variable range, high speed synchronized power unit.

Application: This apparatus is used to measure constant pressure and
constant position: (a) To measure constant pressure, the subject must
push with the same pressure against a pad on a vertical shaft while the
pressure changes from the influence of the cam; and (b) For the constant
position test, the subject increases or decreases his pressure to meet the
changing pressure caused by the cam.

Source: Henry, Franklin M. 'Dynamic Kinesthetic Perception and Adjustment."
&much (hated, 2417647; May 1953.

2. Kinesthetk Perception

Basic Components: nonshatterable rubber goggles with adjustable lenses
blacked out with black poster paint, four finger pointers cut from thin
copper sheet, reflector with several No. 2 photofloods, sixfoothigh sup-
port for flood lamp, fivefootsquare measuring board constructed from
quarternch plywood with a 28inch radius circle on the face of the board,
and radii constructed at each degree, system of hooks and pulleys to adjust
board to varying heights of subjects, and guidelines on floor for replace.
merit of subject's feet.

Application: This apparatus is used to measure kinesthetic perception.
It may be used to determine the ability of an individual to place his arm in
a given position. The individual's arm is placed in position by examiner.
The subject is then instructed to duplicate the position. The subject's
"score" is then read from the measuring board. Facial tissue is inserted be-
tween the subject's eyes and dark glasses to ensure an adequate blindfold.

Source: Phillips, Marjorie, and Summers, Dean. "Relation ct Kinesthetic to Motor
Lensing." Reseed' Qatter ly 23:456-69; December 1954.

Measurement of Balance

1. Body Sway

Basic Components: spring - driven and governor-controlled kymograph,
a pulley system, and an adjustable cap.

Application: This apparatus may be used to measure body sway. The
subject's body sway is transmitted from the helmet, which he wears on
his head, by means of a pulley system to the ink writer kymograph, whkh
in turn records the movements of the subject into equivalent vertkal lines
on adding machine paper.

Sean*: Visite, Delmer V. "Sink. Atath is Relation to Plitsical Fiestas." Re.
seertA Netted? 22:92101; March 1931.
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2. BalanceA
Basic Components: stabilometer platform and chronograph.
Application: The subject takes a kneeling position similar to that of

referee's position in wrestling. Ile attempts to maintain balance u nearly
as possible and a line is drawn on the chronograph by means of a pen
that is connected to the stabilometer platform.

Sowce: Mumby, Hugh H. "Kinesthetk Acuity and Balance Related to Wrestling
Ability." Research Quite* 24:327.34; October 1953.

3. Balance --B

Basic Components: a 40.inch by 71/2.inch by 11/2inch teeter board
with metal axle, pneumatic stops, moving contact arm, a bank of five white
lamps, and a bank of five stimulus lamps; a stepper relay operated by an
electric time delay switch; and two standard electric clocks.

Application: This apparatus is used to measure an individual's balance
by means of a stimulus response procedure. The subject will see a red light
on the stimulus display, and it is his task to move the teeter board in such
a position that the white light immediately below the red light comes on.
The total tett consists of having the subject chimp, his position continu
ously, bringing on the matching white lights as the red stimulus lights are
lighted by the movement of the stepper relay. This apparatus is similar to
the one used by Reynold, and the circuits are designed to perform exactly
as those described by heynolds. The apparatus is useful in measuring
balance in response to sequential presentation of stimuli.

Smote,: Reynolds, Bradley. "Correlation Between Two Psychomotor Teal as a
Function of Practice on the First." loonol of Esperimentai PsicAology 43:341-48;
15;61.

Sialet.Hantmel, A. T. 'Performance of Selected Groups of Male Conoco Stodeats
as the Reynolds Baku* Test." Remit.% Qouserly 17:34742; October 1956.

4. Balance C
Bask Components:wooden platform 22 inches long and 20 inches

wide, mounted on a steel shift which is anchored on ballbearing pivots;
mkroswitches; control switch; and chronoscope.

Application: This balance platform may be used to determine dynamic
balance over any given period of time. A stop watch may be used to
measure the total time invoked in the test, while the chronoscope will
indicate how much of the time the individual is on balance. The excur-
sion of the platform can be adjusted so that the distsnce required foe
maintaining balance an be varied. Each time the subject loses his bal.
*nee to either the right or the left, the microswitch under the platform
makes contact, closing the circuit to the chronoscope. This apparatus has
been modified and used to determine balance in a sitting position.

Seance: Wetakt, A. I. Physkal Horatio. Restart& Labotaioti, State Witt*/
of Iowa.
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Measurement of Muscle Voltage

1. Electromyograph

Basic Components: The comuonents described here are found in the
Grass Model 111.1) electroencel.halographelectrode board, calibration
controls, electrode selector switch, preamplifiers, 6.volt A battery, 45voIt

battery, and skin electrodes.
Application: This instrument may be used for electromyography, elec.

troencephalography, and electrocardiography. Application as an electro
myograph will be considered here. It may be used in kinesiological anal.
}sea and analyses of pathological conditions; Skin electrodes are attached
to the surface immediately over the muscle to be evaluated or, if desired,
needle electrodes may be inserted into the muscle. The electrodes which
are placed over the muscle to be evaluated will "pick up" the micro.
voltage generated in the muscle tissue when the muscle contracts. This
voltage is amplified and recorded by the inkwriter assembly. With this
particular apparatus it is possible to use from one to eight channels, so
that eight different muscle areas may be selected for evaluation simul.
taneously. Interpretation of the recording is based upon the vertical
deflections of the inkwriting pens and will be dependent upon the calibra-
tion of the apparatus prior to the time the recording is made.

Electromyography is useful in determining the relative contribute on of
a rruscic to a particular movement, and may be used to tletermirK the
amount of muscle activity that is present in injury or paralysis, Pim most
corn non applications that have been made in physical education are those
related to basic anatomical movements and to the performance of sports
skills.

Aiother type of electromyograph is that which has a cathode-ray oscillo-
graph, such as the Meditron, for interpreting the microvoltage of a muscle.
This instrument operates in a manner similar to the one that uses the ink.
writing unit. However, it produces a wave form that Is more represent.
ative of the muscle voltage developed. The difficulty in using this apparatus
is to procure permanent records. The investigator must use a motion
What camera especially adapted to the cathode-ray oscillograph if he
desires a permanent record.

It is possible to take a single exposure of the wave form on the scope
with a 35rom camera. This provides a permanent record but not the same
kind of continuous record that may be procured by means of an inkwriting
assemb:y. One of the advantages of this type of machine is that the
Investigator may chaerve the oscillograph while the subject is undergoing
a test and may obtain a direct reading of the microvoltage the subject is
developing in a muscle. The Meditron electromyograph has a tape re-
corder that will record the muscle's activity, and which may be played
back so that the sound of the maicle"fiting" may be heard. At the same
time, the ware form deretcped by the masse may be observed on the
cathode-ray oscillograph when the recording is played back. It would
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seem that the inkwriting unit has some disadvantages, while the cathode-
ray oscillograph has others.

Sources: Sigerseth, P. O., and Mc Cloy, C. 11. "Electromyogrophic Study of Se.
lected Muscles Involved In Movements of Upper Arm at Scapulohumerol Joint."
Research Quarterly 27:409.17; December 1556.

Sills, Frank D., and Olson, Arne L. "Action Potentials in Unexercised Arm When
Opposite Atm Is Exercised." Research Quarterly 29:213-21; May 1958,

2. Electrocardiograph

Basic Components: akin electrodes, amplification system, and recording
system.

Application: Surface electrodes are placed in certain conventional loco
lions reached by general agreement. The electrocardiogram shows during
each cardiograph cycle three poiitive deflections or waves and two negative
ones. The first positive wave corresponds to the spread of excitation in the
auricles and is known as the P Wme. Subsequent deflections follow the
letter P alphabetically and are known as QRST Waves. The R and T
waves are positive and the Q and S are negative. Three leads commonly
used are the right arm to left arm, right arm to left leg, and left arm to
left leg. These leads give an overall view of the electric potentials that
are developed by the heart beat. The variation In the electrocardiographic
recording tells whether the impulse originated and spread along normal
or abnormal paths at normal or abnormal speeds.

lionssay, Bernardo A., and others. Hamm Phaeton. New York:
McGrawllill Book Co., 1451, p. 114-25.

Measurement of Metabolism
I. Gas Analysis

Basic Components: Douglas bag, gas meter, twoway breathing valve,
carbon dioxide and oxygen gas analysis apparatus.

Application: This apparatus is for measurement of metabolism during
rest and work. Expired air is collected in Douglas bag, and volume is
measured by means of gas meter. Sample of air is analyzed to obtain the
respiratory quotient. From this information, the energy cost of work may
be computed.

Source: Bailey, Cameros B. "Apparatus Used in the Estiniatiots of Basal Metabot.
lists." /mond to/ Lalrewarer, eri Clitacal Melicise 6:657.79; September 1928.

2. Itespirometit

Basic Components: a counterbalanced spirometer bell, ventilometer,
kymograph, and appropriate accessories, including writing pens, valvft,
hoses., and switches.

Application: This apparatus may be used to measure tidal volume, vital
capacity, inspiratory and expiratory reserve volume, inspiratory capacity,
functional residual capacity, and total tang capacity. The Collins tespitom
elet It an example of this type of instrument and is commonly used to
measure oxygen consumption either at rest or during work. From this
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informttion, the energy cost of doing work may be determined. An esti.
mated respiratory quotient must be used since the expired air is not
analyzed.

Source: Best, Charles H., and Taylor, Norma B. The Physiological Basis ol
Medical Practice. Baltimore: The Williams & Wilkins Co., 194$.

Measurement of Circulorespiratory Endurance

I. Bicycle Ergometer

Bask GL, ponen f lectrodynamic brake, amplifies', EsterlineAngus
recorder, d atett.itaty bicycle.

Application: This al paratus is used to determine the amount of work
%hick an individual can do in a given period of time and is directly also.
dated with measurements of muscle endurance and circulorespirotory
endurance. It is possible to vary the current to the electrodynamic brake
in order to increase or decrease the resistance. When the amperage to
the brake is increased, the subject has to perform a greater amount of
work; as the amperage is decreased, the subject does a lesser amount of
work. The work which the subject performs in pedaling the bike is ampli
fied and recorded on an EsterlineAngus recorder. It is possible to mea
sure allout work or to measure the ability to perform with a given work
load over a pre-determined period of time.

A less costly friction.type bicycle may be used if desired.

Soirees: Kepi:midi, Peter V. "A Frictional Bicycit &Ammeter." Research
Qautely, 21:210-1S; October 1950.

Tattle, W. W., and Wendler. A. J. 'The Construction, Calibration and Use o1 an
Alternating Cu tort Electrodynamic Brake Bicycle &grimier." loornel o/ Laboratory

Cliairal Medicine 30:17383; February 194$.

2. Treadmill

Basic Components: motordriven treadmill adjustable to various grades
and velocities.

Application: This apparatus is useful in the same types of research
as the bicyck ergometa. The work which the subject performs may be
increased by accelerating the treadmill or by increasing the incline.
Characteristic recordings taken from a subject during work on the tread.
mill include heart rate, respiratory volume, blood pressure, oxygen con.
sumption, and tanperature variations,

Measurement of Selected Factors Associated
with Physical Performance

t. Co- ordination

Basic Components: a 3 %.foot triangle target and a footsquare target;
copper discs, 2 inches in diameter, recessed in the triangle target 6 Inches
from the corners and in the center of the overhead target; a fencing foil
wired so that contact with the copper discs activates an electric counter.
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Application: This apparatus may be used to measure !,,oordination.
The subject stands in such a position that a lunging movement will enable
him to touch any of the three discs of the triangulAr target, and in such
a position that he may reach overhead and touch the disc of the overhead
target. At the starting signal, the subject attempts to strike the copper
discs of the triangular target, progressing clockwise, and than strikes the
disc in the overhead target. Time required to complete 50 thrusts is
recorded in tenths of a second by means of a stop watch.

Sources: Collins, Vivian D., and Howe, Eugene C. "Preliminary Selection of Tests
of Fitness." American Physical Education Renew 29:563.70; December 1924.

Mat ley, John W., and otters. "Weight Training In Relation to Strength, Speed, and
Coordination." Research Quarterly 24:3011.15; October I953.

2. Eye Blink Measurement

Basic Components: a trigger switch consisting of a small mercury
trough attached to the frame of a pair of spectacles, electronic timer, light
stimulus, standard electric clock, reaction time key, butter, and adjustable
chin rest.

Application: This apparatus may be used to measure the duration of
the blackout period that occurs when a person blinks his eyes. A fine
piece of copper wire is attached to the eyelid so that when the eye doses
the end of the copper wire dips into a mercury trough. This action causes
an electric circuit to close and triggers the electronic timer. The electronic
timer produces a square wave pulse which may be varied in duration in
10 equal steps from .01 to .10 seconds. When the contact is made between
the copper wire and the mercury trough, the light stimulus circuit and the
circuit for the standard electric clock are closed. It is possible to determine
whether the subject can see light stimuli of varying durations, thereby
determining the interval of the eye blink.

Soiree: Slatet.Hatansel, A. T. "Blackout Interral Daring Eye Minh" Research
Quarterly 24:36247; October 1033.

3. Simulated Smoking Device

Basic Components: 660-watt electric heater element, asbestos covered
coffee can, pyrex tubing, rubber tubing, wooden mouthpiece, blindfold,
and nose dip.

Application: "Placebo" to be used in experiments relative to effects of
cigarette smoking.

Sestet: Parket, Pail A. "Acme Elects of Smoking on Physical Endurance and
Resting Qrcelatios." Resturch Quarterly IS:21047; May 1954.

4. Visual Acuity
Balk Components: three dimensional tachistoscope.
Application: The tachistoscope may be used in testing memory, vision,

and other factors associated with vision by throwing images of objects
on a screen fur a measured period of time. This apparatus, which was
developed by the Three Dimension Company, and other devices such as
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the telebinocular, orthorater, and sight screener are useful in testing the
many factors associated with vision. There has not been a great deal of
research done in respect to physical performance and vision, however,
because of the difficulty in devising studies to demonstrate the association
between these two variables.

The tachistoscope is used extensively in training people to be better
readers and, no doubt, has some effect on the percei, ion of visual images
so far as the time element is concerned.

Source: Sloane, A. E., and others. "hdect of a Simple Croup Training Method
Upon Myopia and Visual Acuity." ReseareA Quarterly 19:111.17i May 1918.

PRINCIPLES FOR PLANNING

The following primiples to be observed in the planning of a
research laboratory were drawn up by Raymond A: Weiss of New
York University and Frank D. Sills of the State University of Iowa
for the Research Council of the American Association for Health,
Physical Education, and Recreation.

Planning and Administration

1. When a laboratory is planned, the planning committee should obtain
from the college or university any formulated or anticipated long.
tangs plans for growth or changes in enrollment, and find out what
future emphasis In the sciences is expectel.

2. The planning committee should know whether funds for the !alma.
tory will be provided through the school budget.

Laboratory Facilities and Their Arrangement

1. Where space is limited, the laboratory should be planned to allow
flexible use of available space by providing!
a. Movable wall partitions
b. Movable or multiple services such as water, air, electricity, etc.
c. Portable equipment
d. Portable furniture.

2. Where space it adequate, special tables should be provided to hold
delicate instruments which should be permanently located.

& All services such as pipes, ducts, and conduits should be concealed
(in walls, floors, or ceiling).

4. Comfort of laboratory personnel and subjects should be a consider*.
tion in the arrangement of laboratory facilities.

S. Standard furniture Is to be preferred over custom items because of
cost.

6. Table tops of working surfaces should be specified with their most
common use in mind.

7. Cabinet space should be provided to avoid using work specs for
dotage purposes.
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8. Hoods should be provided wherever smoke and fumes are generated
in the laboratory.

9. Disposal sinks should be provided when chemicals are used in the
laboratory.

10. All disposal units such as sinks and vacuums should be properly
equipped with traps to permit recovery of materials such as mercury,
grease, etc.

11. Special rooms should be provided for laboratory functions that would
inter fere with the use of the main laboratory space. Examples are
dark room, X-ray room, an conference room.

12. Compressed air, vacuum, and gas services should be installed as stand-
ard pipe systems with outlets at tables where these services are used.

13. Full .consideration should be given to the electrical requirements of
the laboratory:
a. Type of current (A.C. or D.C.)
b. Electric distribution requirements
c. Outlets wherever needed
d. Circuit breakers to protect feeder)
e. Transformers where needed
f. Installation of branch circuit panel boards where central control

is required
g. Emergency light power.

14. Artificial lighting should be planned to provide the quality and in-
tensity of light needed for specialized functions in various parts of
the laboratory.

15. Rest rooms should be provided for men and women, with separate
rooms far experimental subjects and staff.

16. Dressing room and shower facilities should be provided for subjects
who participate in experiments.

17. The laboratory should have its own separate stock room.
18. Office space for laboratory personnel should be provided separate

from, but adjacent to, the main laboratory space.
19. Shelf space should be provided to hold reference and research ma-

terials, books, and periodicals. If space permits, table and chair
facilities should be provided nearby for study and reference reading.

20. If animal research is carried on, it wouli: be desirable to have a small
animal room located close to the main laboratory facility.

21. In laboratory procedures involving the use of quantities of mercury,
special tables having raised edges should be used to minimize the
loss of this element.

Laboratory Equipment

1. Equipment needs should be anticipated insofar as possible and pur-
chases made when future use is assured.

2. When possible, equipment should be purchased for permanent assign-
ment to the laboratory. However, in the case of more expensive
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equipment used for highly specific purposes, the research laboratory
and other s..it.nce departments in the college or university might
p.,echase and use equipment jointly.

3. While planning a laboratory, the planning committee should visit a
number of similar type laboratories to gain ideas and information
that may be applied to the new installation.

4. The laboratory director should retain responsibility for planning the
laboratory, its purpoqe and activities.

5. Wherever possible, a service engineer should be consulted in planning
the equipment and facility requirements.

6. Although the laboratory may be assigned for partial use in connection
with university courses, such use should be avoided if it interferes
with schedules of student and faculty research.

7. In the original planning of a laboratory, provision should be made
to allow for the expansion of facilities that may be needed later on.

Interior Construction Materials

1. The factor of dustits type and amountshould be considered in
the selection of materials.

2. Corrosion caused by chemicals and gases should be considered in the
selection of materials.

3. Noise inside or outside the laboratory should be considered in the
selection of materials.

4. Vibrat;on inside or outside the laboratory should be considered in
the selection of materials.

S. The addition of moisture in the air as a result of research should be
considered in the selection of materials.

6. Comfort should be considered in the selection of materials (cork
floor to reduce fatigue in standing, etc.).

7. The control of light admission should be considered in tl,e selection
of window assemblies.

8. The control of ventilation should be considered in the selection of
window assemblies.

9. The size of door and door opening should be adequate for admitting
laboratory facilities and equipment.

Care and Maintenance

1. All trim and moldmg should be eliminated in the laboratory to
facilitate cleaning.

2. The laboratory should have a self-contained workshop to provide
maintenance for equipment and facilities and to construct equipment
that is otherwise not available.

Safety and First Aid

1. Separate areas should be provicled for inflammable liquids, com
pressed gases and chemicals.
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2. Nonslip finishes should be provided for floor surfaces to prevent
slipperiness under wet conditions.

3. Moving parts of all mechanical equipment should be fenced off from
contact by means of handrails with toeboards or should be enclosed
within stationary guards.

4. There should be protection against fire hazard through provision of
chemical fire extinguishers, woolen blankets, or emergency showers.

5. Medical personnel should supervise any research which imposes
severe physical stress on subjects or which requit -s injections or
blood withdrawals for biochemical analyses.

6. All personnel working in the laboratory should be required to take
out liability insurance if such a policy is not provided by the institu
tion.

7. A wellstocked first, aid cabinet should be located for quick and easy
access in case of emergency.



CHAPTER 7

Tools for Analyzing
and Presenting Data

H. HARRISON CLARKE
MARJORIE PHILLIPS

THE DISCUSSION OF TOOLS FOR ANALYZING AND PRESENTING DATA

will be restricted primarily to definitions, limitations, underlying
assumptions, and uses of the various statistical concepts. For the
process of making statistical computations, the researcher should
consult standard statistics textbooks,

NATURE OF STATISTICS
In considering the meaning of statistics, Helen Walker (19:1)

has provided the following concept:
"Statistical method is one of the devices by which men try to understand

the generality of life. Out of the welter of single events, human beings seek
endlessly for general trends; out of the vast and confusing variety of indi
vidual characters, they continually search for underlying group characters,
for some picture of the group to which the individual belongs."

Statistics deals with the collection, the organization, the analy-
sis, and the interpretation of quantitative datae.g., the test scores
of many individuals. The use of statistics is found in many fields
devoted to research, including agriculture, monomics, government,
sociology, biology, psychology, medicine, and physical education,
to name several. Statistics permits treatment of data in these
fields, making possible study of many problems peculiar to them.

Scientific research involving measurement results in quantitative
data. Statistical methods need to be applied in order to gain a

170
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summarized description or analysis of the findings. In order to
accomplish these purposes, it is essential to understand first, what
kind of description is wanted; second, what statistic will yield the
most valid description; and third, whether the assumptions under-
lying the selected statistic are satisfied by the data being described.

Three classes of statistical processes will he considered in this
chapter: descriptive statistics, comparative statistics, and statistics
of inference. In descriptive statistics, the characteristics of a sin-
gle group are described in various ways. In comparative statistics,
the characteristics of two or more groups are contrasted. In sta-
tistics of inference, observed data from a sample are used as a
basis for generalizing to a larger unknown population which has
not been observed.

MEANING OF DATA
In general there are two types of statistical data familiar to the

areas of health education, physical education, and recreation;
these are attributes and variables. An attribute has a nongradient
classification, i.e., there is no numerical basis of grouping. At-
tributes may be in two classes or more than two classes. Examples
of two -class attributes are pupils as boys or girls, teachers as men
or women, and curriculums as college preparatory or noncollege
preparatory; more than twoclass attributes are color of hair or
eyes, various curriculums, and major fields of study.

A variable has a gradient classification, i.e., there is a numerical
basis of grouping. There are two types of variablescontinuous
and discrete. A continuous variable is capable of any degree of
subdivision, although in practice these are usually limited to some
convenient number of division. Most of the test data used in
physical education research fall in this category. Illustrations of
continuous variables are muscular strength, anthropometric meas-
ures, track an 1 field times and distances, and motor ability scores.

A discrete variable cannot be, or is not generally, subdivided
indefinitely. Illustrations are football scores, salary scales, build-
ings, and numbers of pupils in a classroom. While fractions of
such scores are not realistic (Who ever heard of a softball
score of 5.48 points?), discrete data are frequently treated sta-
tislically as though they were continuous. Certain comparisons
would not be possible otherwise. For exhmple, to state that the
average number of children in families from two different eco-
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nomic groups are 2.63 and 3.42 is to state the impossible; actually,
however, no other comparison would be adequate, as to round off
the figures to the nearest whole numbers would result in three
children for each group.

FREQUENCY DISTRIBUTION

The first task in dealing with a large number of test scores is to
organize the data. This is accomplished by assembling the scores
into groups or classes, thus constructing a frequency distribution
table. The frequency table consists of intervals, each of the same
size, and includes the entire range of scores. For example, a series
of scores from 75 to 125 might be placed into ten intervals, in
units of five each, beginning at 75.

There are two assumptions, that are usually made when calcula-
tions are made from a grouped frequency distribution, as follows:

1. The scores are evenly distributed within the interval. This assump-
tion is made when compl"ing percentiles and percentile ranks, and is made
only in the interval being interpolated. This particular assumption is
necessary because the process of interpolation demands a linear scale.
Error will be limited to the one interval, and relative status will not be
disturbed.

2. The mean of the scores within the interval is equal to the midpoint
of the interval. This assumption is made for every interval in the distribu.
tion and is used when finding the mean of the distribution, or any measure
based on the mean. The midpoint is selected to represent all the scores in
the interval, since it is the one point in the interval from which there will
be no final error resulting when the distribution is bell-shaped. The
assumption becomes necessary since each score must have an identity, if
the arithmetic calculation is to be made.

A slight error because of the above assumption may result as a
consequence of the natural tendency of scores in the intervals to
crowd toward the center of the distribution. The averages of scores
in the upper intervals of the distribution tend to be slightly lower
than their midpoints; and the averages for the lower intervals tend
to be slightly higher. Since the interval errors tend to cancel out,
the amount of final error is so small as to be generally disregarded.

CENTRAL TENDENCY
A measure of central tendency is a single score or point on a

scale which represents all the scores made by a group. If one is
asked how well pupils performed on a particular test, the answer
will be that the average was so-much. Thus, in common parlance,
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a measure of central tendency was used. The measures most
frequently encountered in educational research are the mode,
median, and mean. Each measure of central tendency describes
the massing of scores in a particular manner.
Mode. The mode is the point in the distribution at which the
largest concentration of scores occurs. When scores are ungrouped,
the mode is the score most frequently occurring. With grouped
data, the mode is designated as the midpoint of the interval con-
taining the largest number of scores; when adjacent intervals have
equal or nearly equal frequencies, the midpoint of the combined
intervals becomes the mode. It is also possible to compute an ap-
proximation of the mode from the median and mean of the distri.
bution.

The mode is used when information is desired as to a phenome-
non which happens most frequently. For example, when teaching
skills, the skill which is most difficult to learn would be the mode,
as the largest number of participants have trouble in learning it.
In some situations, the mode is the desired measure for designating
central tendency. An example would be the age of children in a
single grade in school or the age of high school graduates. Also,
it is the only measure of central tendency which can properly be
used to describe the typical performances of a multimodal distri-
bution. In general, however, the mode is usually a rough measure
of central tendency and has little value in exact statistical work.
Median. The median is the midpoint of the distribution: that point
above which and below which lie 50 percent of the scores. When
scores are ungrouped, but arranged in order from high to low, it is
quite easy to find the center, or middle, score. With scores grouped
in a frequency table, the median is found by counting frequencies
to the interval in which the middle score lies, and then interpolat-
ing to determine the point. In this instance, the assumption is
made that the scores in the interval of calculation are equally dis-
tributed over the interval. No assumption is made relative to the
nature of the entire distribution.

There are several situations in which the median provides the
best indication of typical performance. The most common of these
is the presence of extreme scores at one end of the distribution.
The actual size of scores within the distribution does not affect the
median, as the scores are merely counted in making the calcula-
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tion. The median is also the best measure when the distribution is
truncated. A truncated distribution would occur, for example, as
a result of using a strength-testing instrument with a capacity less
than the strongest subjects. Furthermore, the median is preferred
when the equality of the unit of measurement is uncertain, as in
a rank order of performance, and when numerical measurement
is impossible, as in an arrangement of silhouettes depicting poor
to good posture.
Mean. The mean is the sum of the scores divided by their num-
ber; thus, each separate score affects this measure of central tend-
ency in direct proportion to its magnitude and position in the distri-
bution. The mean expresses the central massing of scores accord.
ing to the distance the scores fall from the mean. It is, therefore,
a deviation measure of central tendency, as each score in the
distribution is weighted by its distance from central tendency. With
upgrouped data, the mean is calculated by adding the scores and
dividing by the number. With grouped data, it is obtained from
the sum of the positive and negative deviations of the scores from
an assumed central position (midpoint) in the distribution. Thus,
a basic assumption in using the mean, when calculated from
grouped data, is that the scores in the various intervals composing
the frequency table are represented by their respective midpoints,
or that the mean of the scores in a given interval is equal to the
midpoint of the interval.

The mean is the most reliable of the measures of central tend-
ency, i.e., there is less fluctuation among sampling means than is
true for the mode and median. The mean should be used when
distributions are reasonably symmetrical, when they ale not
skewed, or when they do not contain extremes at one end of the
distribution. Actually, it should always be utilized as the meaeure
of central tendency unless the mode or median is more appropriate,
as indicated above.

VARIABILITY
In most instances, it is not only necessary to describe the central

massing of scores, but also the amount of their variability. The
mean score may be the same value in a distribution with wide
variability as in one with narrow variability. Thus, measures of
variability need to be considered. Such measures indicate the
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scatter or spread of the various scores, usually around a measure
of central tendency. While central tendency is a point on a scale
(within a distribution), variability denotes distance on a scale.
The variability measures to be presented here are range, quartile
deviation, average deviation, standard deviation, and probable
error. The coefficient of variability will also be briefly described.
Range. The range indicates the scatter or spread of all the scores
in the distribution. It is obtained by finding the difference between
the highest and lowest scores, without reference to measures of
central tendency. In chance sampling, the range is subject to
greater fluctuations than any other measure of variability. It is
used when knowledge of the extreme scores of human character-
istics is desired. Thus, the range of the height of basketball players
or the weight of football players might not only be interesting but
be valuable.

Quartile Deviation. The quartile deviation indicates the scatter
or spread of the middle 50 percent of the scores taken from the
median. Also known as the semi-interquartile range, it is calcu-
lated by dividing the difference between the third and first quartiles
by two. If the distribution is fairly symmetrical, this distance
added to and subtracted from the median approximates these
quartiles. This measure of variability is usually used when it is
appropriate to use the median as the measure of central tendency.
Mean Deviation. If the distribution conforms to a normal curve,
the mean deviation indicates the scatter or spread of the middle
57.5 percent of the scores taken from any measure of central
tendency. It may be preferred to the standard deviation when the
distribution is markedly skewed or has an unusual number of ex-
treme cases in one or both directions from the mean. However,
this measure of variability is infrequently found in research, as
its calculation does not conform to proper algebraic procedure.
Standard Deviation. The standard deviation, or sigma, indicates
the scatter or spread of the middle 68.26 percent of the scores
taken from the mean. It is calculated as the square root of the
average of the squared deviations from the mean. The assumption
underlying sigma is the same as the one for the mean. The use of
standard deviation assumes a normal distribution if interpreta-
tions are made relative to a normal distribution, as is frequently
the case.
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The standard deviation is usually utilized when the mean is the
appropriate measure of central tendency. As is true with the mean,
this measure of variability is affected by the size and position of
the separate scores in the distribution. The standard deviation is
the measure of variability customarily used in the statistical analy-
ses basic to experimental research.
Probable Error. If the distribution is normal, probable error
indicates the scatter or spread of the middle 50 percent of the
scores taken from the mean. It is calculated from the standard
deviation, so it has all the characteristics of this measure of vari-
ability. Probable error was used extensively in earlier statistical
analyses, so it appears frequently in the older literature. However,
its use in current research is very limited.

Coefficient of Variation. The coefficient of variation provides an
indication of relative variance of groups. It is useful when the
central tendency of groups on the same test differs or when results
of different tests are to be compared. It is calculated as the ratio
of a measure of variability to its appropriate measure of central
tendency. Thus, this coefficient may be calculated with sigma and
mean or with quartile deviation and median. Such questions as the
following might be answered: Are college men more variable in
weight than in height? Are 12yearold boys more variable in
reaction time than girls of the same age? Do varsity swimmers
vary more than nonswimmers in breathholding?

An essential assumption in using the coefficient of variation
is that a true zero point exists. For example, if plus and negative
values exist, the mean could be zero, in which case the variability
coefficient would be zero. The true zero point should be known in
a testing situation, which is not always the case in education and
psychology. Thus, V is not a thoroughly reliable measure by means
of which to compare the variability of two distributions. However,
no better measure for this purpose has been proposed, so it con.
tinues in use.

NORMAL PROBABILITY CURVE
An understanding of the characteristics of the normal proba-

bility curve is essential to an understanding of reliability, that
important phase of statistics dealing with the interpretation of
statistical results. It is only through measures of reliability that



TOOLS FOR ANALYZING AND PRESENTING DATA 177

the true usefulness of such obtained measures as means, standard
deviations, and coefficients of correlation can be understood.
Principles. The normal curve is based upon the probable occur-
rence of an event when that probability depends on chance. For
example, in flipping a coin the chances are even, or one in two, that
it will come down heads, and there is the same probability that it
will come down tails. This chance probability can be carried to
flipping many coins, in which case an exact theoretical explanation
of the curve is provided by the binomial theorem. This can be
demonstrated by expanding and plotting the equation (H T)'.

This theory of normal distribution, as applied to the chance
occurrence of heads and tails in coin tossing, is also applied to the
chance occurrence of many human characteristics. Thus, anthropo-
metrical, biological, psychological, and social traits cluster about
an average and will be distributed in much the same way as are
the heads and tails in coin tossing. The occurrence of the normal
curve, however, whether in coin tossing or in the occurrence of
human attributes, depends upon two very important factors: (a)
The occurrence of the event must depend upon chance, i.e., the
sample must be selected at random; (b) A large number of
observations must be made.

Characteristics. The normal curve is a symmetrical, bell-shaped
curve. Its characteristics are: (a) It is asymptotic to the baseline;
(b) The points of inflection are each one standard deviation from
the ordinate at the mean; and (c) The height of an ordinate at
any given standard deviation distance from the mean ordinate is
an exact proportion of the height of the mean ordinate. Thus, the
area under the curve included between the mean ordinate and an
ordinate at any given standard deviation distance from the mean
will be an exact proportion of the total area under the curve.

Tbe most important factor related to the normal curve is the
division of the curve into percentage areas. Knowing the mean and
standard deviation and knowing that the distribution is normal, it
is possible to obtain from a standard table the percentage of scores
falling between the mean and any given standard deviation dis-
tance above or below the mean. Thus, from a standard table, 34.13
percent of the scores are between the mean and one sigma away
from the mean in the same direction. Nearly one-half the cases,
49.865 percent, lie between the mean and three sigmas; thus, for
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plus and minus three sigmas, 99.73 percent of the cases are
included.
Testing for Normality. Because of the value and utility of the
normal curve, it is frequently desirable to test a given distribution
for normality. Reasons for deviations from normal include the
presence of some bias in the sample; the use of unsuitable tests;
the selection of small homogeneous or large heterogeneous groups;
and the fact that some traits do not distribute normally (e.g., the
curve of forgetting). Slight departures from normality will not
necessarily influence the accuracy of the values derived from the
curve, but tests to determine the significance of any departure
should be applied.

There are two methods commonly used for the purpose of
testing the significance of distortion f the normal curve found
in a frequency distribution. These are the inspectional and chi-
square tests. The inspectional test simply consists of superimposing
a frequency polygon on a theoretically calculated normal curve
for the mean and sigma of the distribution to be tested. A fault
with this method is that it provides no tests to determine the signifi-
cance of departure from normality. In the chi-square test, as will
be considered below, the actual frequencies in each interval of an
obtained frequency table are compared with the theoretical fre-
quencies needed to yield a normal curve. A test of significance, in
this instance, does determine the importance of deviations from
normal. This test, however, does not indicate the ways by which a
given distribution departs from normality.

In addition to the general determination of normality, other
tests are available for phases of normality. The most common of
these are skewness and kurtosis. A distribution is said to be skewed
when the mass of data is shifted to the upper or lower end of the
scale. In positive skewness, the scores are massed at the lower end
with a wide spread of scores at the upper end; the reverse is
negatively skewed. The calculated skewness value should be tested
to determine its significance, that is, whether it is real or dua to
chance sampling fluctuation.

Kurtosis indicates the nature of the distribution at the center.
A peaked curve, i.e., higher than the normal curve at the center,
is called leptokurtic. A curve flatter at the center than normal is
called platykurtic. A normal curve is mesokurtic. Any deviation
from a mesokurtic distribution needs to be tested to determine the
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significance of the distortion. This test will show whether the de-
parture from normality can or cannot be attributed to chance and
the sample was or was not drawn from a population which is
normal in form.

SCORING SCALES

The use of scoring scales is extremely valuable in making test
scores meaningful and in describing the results achieved by a
class or group of individuals that has been tested. It is impossible
to know how well one has done on a test unless his score is shown
in relationship to others taking the same test. Also, with scoring
scales, the individual's relative performance in events with quite
different forms of measurement can be determined. How else, for
example, can performance in the standing broad jump be compared
with the time in the 50.yard dash? Usually, these scales are based
on a 100point range, although there arc exceptions to this.

Percentile Scale. The percentile scale is based on percentages
below points on the scale. Thus, the median is the 50th percentile,
as 50 percent of the scores fall below this point. In like manner,
10 percent of the scores are below the 10th percentile, 75 percent
below the 75th percentile, and so on. Since percentiles arc looted
by a counting process and arc nonarithmetical in nature, further
calculations should not be based upon km. Thus, their use for
additional research based on a measure of relative status is limited.

Sigma Scales. Sigma scales are based on the variability of the
group, using the standard deviation as the measure of variability.
These scales are based on sigma divisions of the distribution. The
following scales will be considered: 2- score, scs le, 11scale, and
sixsigma scale.

The standard score, or Z-score, is designated as the standard
deviation distance of a score from its mean. The mean score itself
is 0 and the standard deviation 1; thus the scale range is approxi-
mately plus and minus 3 sigmas. Hence, a Z-score of + 1.5 is a
score located 1.5 sigmas above the mean; and a Z -score of .75
is located .75 sigma below the mean.

The other sigma scales substitute a different numerical scale
for the sigma distances. For these scales, the mean is usually 50,
but the standard deviations differ as follows: 10 for the Tscalz,
14 for the Ifmale, and 17 for the sixsigma scale. Thus, in the
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T.scale, 0 is located five sigmas below the mean and 100 is lo
cated at five sigmas above the mean. For the other scales, these
locations are 3.5 and 3.0 sigmas respectively. An obvious circum
stance with the Tscale is that it extends well beyond the limits of
probable scores for normal distributions; the scale values below
15 and above 85 are seldom found. The other scales are more ap
plicable to realistic testing situations, although scores may rarely
be encountered which fall outside their limits. Actually, there is
no organic difference in the various sigma scales. It is simply a
matter of the range of scores which one wishes to use.

SAMPLES AND STATISTICS
Sampling is of inestimable importance to the researcher who

wishes to discover information about populations when it is either
unfeasible or impossible to measure an entire population. Sampling
is a common procedure in all areas of inquiry today. It is used in
such diverse fields as business, education, science, agriculture,
medicine, and public opinion. Much useful information can be
Wetted, for example, from the observations secured from a few
experimental animals, a handful of corn, a small section of human
tissue, or a group of school children.
Sampling Theory. If the inferences concerning facts or charac
teristics of a population are to have validity, it is obviously of
fundamental importance that the sample be truly representative
of this population. It also should be obvious that any measure
obtained from a sample (statistic) may differ somewhat from the
true measure (parameter) in the population. The amazing truth
is, however, that if proper procedures are followed, it becomes
possible to estimate the amount of this sampling error, and to
provide an expression of the degree of confidence that can be
placed in the estimate.

Basic to sampling theory is the concept of the random sample,
since it is only for such samples that the probable divergence of
the statistic from the parameter may be estimated. A sample is
considered to be random when all its members are selected in
dependently and in a manner which guarantees every member of
the population an equal chance to be selected. A sample is biased.
on the other hand, when its members are selected in a manner
which, in repeated samplings, will produce a systematic sampling
error.
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An understanding of the elementary principles of sampling and
estimation of error may perhaps be gained through a simple ii.
lustration. The physical condition of the young men in a come
munity, state, or country is a matter of primary concern to many
people. Let us suppose that a random sample of 200 of the 18-
yeareold boys in a large community is selected and that a valid
test of fitness is available which is administered to each of these
boys. From the measures thus made available, the mean fitness
of the boys is found to be a value of 75. This sample mean may
not be accepted unconditionally but should be considered only as
an approximation of the true value in the population. In other
words, the true mean physical fitness of all the lflyearold boys in
the community may well be some other value than that of the
sample mean. However, since the sample is a part of the popula
lion, there are limitations on how much the statistic and pararieter
may differ from each other. Furthermore, since the membets of
the sample were drawn at random, chance will dictate the size of
the sampling error i the mean selected, or the difference between
the sample mean and the population mean. The methods available
for estimating the size of such sampling errors are based on the
sampling distribution of the statistic, in this case the mean.
Large Samples. Let us suppose that a very large number of
samples, of 200 cases each, was drawn as previously described
and from the same population of 18yearold boys. It would be
observed that the sample fitness means would have a variety of
values depending on the physical 'ondition of the boys who, by
chance, happened to be selected b each sample. It would be noted
further, that while these means would be distributed over a con-
siderable range of scores, a large proportion of them would tend
to be grouped around a central value, and only a few means would
have extreme deviations from this middle value. Such a distribu-
tion is called a sampling distribution of means, and it has been
demonstrated that distributions of this kind have certain charac-
teristics. If the samples are large, and each sample is drawn in.
dependently at random, the distribution of means will closely ap-
proximate a normal distributioneven in cases where the meas.
urea in the population are not normally distributed (except where
extreme departures from normality occur). Furthermore, the
mean of this sampling distribution of means would have the same
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value as the true mean in the population from which the samples
were selected.

Under these conditions, it should be possible to visualize how
an estimate of reliability for any sample mean is derived. Re-
ferring to the physical fitness problem, the sample mean of 75
should be thought of as having been drawn at random from a
sampling distribution of means, the mean of this distribution being
the true physical fitness mean of the entire population of boys in
the community. Since the sampling distribution is normally dis-
tributed, it becomes evident that it is now possible to state the
probability that the sample mean of 75 is any given number of
standard deviation units from the true mean. For example, there
are only 4.56 chances in 100 that the sample mean will be more
than two standard deviations from the true mean, or .26 chances
in 100 that it will deviate snore than three standard deviations
from the true mean. If the value of the standard deviation of the
sampling distribution were known, the amount of separation be-
tween the san.ple mean and the population mean could be ex-
pressed in the score units of the physical fitness test.

In sampling theory, the standard deviation of the sampling
distribution of a statistic is known as the standard error of the
statistic. The standard error of a mean has been found to be de-
pendent on two factorsthe size of the sample from which the
mean was derived and the variability of the population from which
the sample was drawn. From these facts it has been possible to
develop an unbiased estimate of the standard error of the mean.
Continuing with the physical fitness problem, assume that the
standard error of the mean has been found to have a value of 2.
A more exact statement may now be made about the probable
deviation of the sample mean of 75 from the population mean. It
has already been shown that there are only .26 chances in 100
that the sample mean will be more than three standard deviations
from the tree mean. It therefore follows, since the standard devia-
tion of the sampling distribution (standard error of the mean) has
a value of 2, that there are only .26 chances in 100 that the sample
mean will be more than 6 points (3 x 2) from the population mean.
In this fashion, the standard error of the mean becomes a measure
of the reliability of any mean in the theoretical sampling digribu-
lion. The larger the standard error, the less reliable is any sample
mean; and the smaller the standard error, the more reliable is
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any sample mean. This same rationale may be employed in esti.
mating he reliability of any statisticsuch as the median, quartile
deviation, standard deviation, proportion, difference, correlation,
and so on.

The, procedures just described may be used to estimate that
part of sampling error which arises from the random selection of
the members of the sample. If any other source of error is present
or if the sample is not a random one, the reliability estimate is
invalidated, since it evaluates chance errors only. The burden is
therefore placed on the investigator to exercise the utmost caution
in the preparation of his study. It is his responsibility to eliminate
avoidable errors since they will remain unmeasured, and to draw
the members of his sample at random to permit the measurement
of the unavoidable errors arising from this source.
Levels of Confidence. Before discussing specific applications of
sample theory, the meaning of a "level of confidence" should be
explained. The purpose of studying samples is to draw conclusions
relative to populations. However, conclusions based on random
samples may never be stated without qualification, because of the
part chance plays in reaching the conclusion. Since the effect of
chance is never comiletely eliminated, it is proper procedure, in
certain instances, to reveal the probability that the conclusion
drawn is incorrect. In the physical fitness problem, for example,
it is known that there are only .26 chances in 100 that the sample
mean of 75 is more than 6 points from the population mean.
Stated in a different way, it may be concluded that the sample
mean of 75 deviates no more than 6 points from the population
mean, at the .26 percent level of confidence. The level of confi
deuce thus expresses the probability that the sample mean actually
deviates more than 6 points from the population mean and that
the conclusion drawn is incorrect.

A second illustration may help to clarify the essential meaning
of a level of confidence. An individual has a bag of marbles con-
taining 190 white marbles and 10 red marbles. The marbles are
thoroughly mixed, and he selects one marble strictly at random,
without being able to see the contents of the bag. Previous to his
draw he announces, "I will draw a white marble." It is obvious
that the probability is high that he will draw a white marble, but
since 5 percent of the marbles are red, there are actually 5 chances
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in 100 that the single marble drawn will be a red one. Hence, to
be absolutely correct in his statement, the individual should an-
nounce, "I will draw a white marble, at the 5 percent level of
confidence."

Confidence Intervals. It has been demonstrated, in the fitness
problem, that the sample mean of 75 will be no more than 6 points
from the parametric mean, at the .26 percent level of confidence.
It must follow then that the value of the true mean cannot be
lower than 69 or higher than 81, at the .26 percent level of con-
fidence. In other words, the mean physical fitness of the popula-
tion of 18year old boys, whatever value it may actually be will not
be less than 69 or more than 81. The chances that these limits
will be exceeded are only .26 in 100.

Expressing the limits within which a parameter may be expected
to be contained is called a confidence interval. In the illustration
above, the .26 percent confidence interval was given for the true
mean. The confidence interval may be given in the same manner
for any other parameter, such as the true standard deviation, true
difference, or true correlation. All that is needed is the statistic
and its standard error. The confidence interval may also be given
for any level of confidence that suits the purpose of the investi-
gator, although rarely, if ever, would a level of confidence below
5 percent (a larger numerical value) be selected. The levels of
confidence most frequently used are the 5 percent and the 1 per-
cent levels.

Testing Hypotheses. In a sampling problem, the value of the
pat meter is never known; if it were, there obviously would be no
need to sample. It is possible, however, to propose some hypothesis
about a parameter and then test its plausibility. Since the proce-
dure of testing hypotheses provides a basis for experimental re-
search and statistical inference, an understanding of it is of vital
importance.

A simple illustration of testing a hypothesis is given by the
fitness problem. Let us assume it is known that for 18year-old
boys throughout the country the mean physical fitness is 78. The
mean physical fitness in the community as found from the sample
is only 75. Does this provide evidence that the boys in the com-
munity are below the national level in fitness? Or, is it possible
that this sample mean of 75 was drawn from a popilation in which
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the true mean is 78, the observed discrepancy being the result of
the chance selection of the sample members?

To answer these questions, the following hypothesis is tested:
In the community population from which this sample mean of 75
was drawn, the true mean physical fitness of the 18yearold boys
is 78. If this hypothesis is true, then the sample mean of 75 con-
tains a sampling error of 3 (78.75). The !wide rd error of the
mean is known to be 2, hence the size of the sampling error ex-
pressed in standard deviation units is 1.5 (3/2), and is referred
to as the critical ratio. It now becomes a simple matter to deter-
mine the chances of having drawn a sampling error of 3 or larger.
In any normal distribution, 1.5 standard deviations will be ex
seeded by 13.36 percent of the cases; hence in this problem, there
are 13.36 chances in 100 of having drawn a sampling error of 3
or larger.

At this point, the decision must be made whether to accept or
reject the hypothesis. The hypothesis is accepted if it may be
considered reasonable to suppose that a sampling error was drawn
that, in the long run, would be drawn 13.36 percent of the time.
The hypothesis would be rejected if this supposition were con
sidered unreasonable. When a hypothesis is accepted, it does not
mean that this particular hypothesis is necessarily trueonly that
* is reasonable to believe that it could be true. When a hypothesis
is rejected, it means that, from the evidence available, the fact in
the sample and the hypothetical condition in the population are
incompatible. Since the sample has been under actual observation,
it must be II ypotheiical condition which is in error. However,
since even Le remotest chances materialize on occasion, the re-
jection of the hypothesis is always qualified by the level of confi-
dence. In the illustrative problem under discussion, the hypothesis
would be accepted. The investigator concludes that it is a reason-
able supposition that the true mean physical fitness of the corn
munity of boys is 78. The evidence does not support the conten.
lion that the boys in the community are below the national fitness
level. Hacl the hypothesis been rejected, the level of confidence
would have been 13.60 percent, hardly a sufficiently high level
to inspire confidence in a rejection.

In the solution of any problem for which the critical ratio tech.
nique is used, all that is needed is the size of the hypothetical
sampling error and the standard error of the statistic, since the
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critical ratio is the ratio between these two. This technique has
many applications and has been found particularly useful in test
ing hypotheses concerning means, proportions or percents, and
differences between means.

Let us suppose that the health education authorities in a com
munity arc faced with the problem of introducing sex education
into the public schools. Before making any overt moves, they
wish to be assured that at least a majority of the parents will
support such instruction. A large random sample of the parents
of the children in the school is drawn, and these parents are inter.
viewed relative to their attitudes towards sex education in the
public schools. The survey reveals that 58 percent of the parents
favor such instruction. Does this constitute evidence that a ma
jority of the population of parents approve sex education, or is it
probable that this sample percentage of 58 came from a popula
tion in which less than 50 percent of the individuals favor -ex edu
cation? The appropriate hypothesis to test in this situation is that
the true percent of parents favoring sex education is 50. If this
hypothesis may be rejected at a reasonable level of confidence,
then any hypothesis representing less than a majority may be re
jetted with an even greater assurance.

A second illustration is drawn from the field of public health.
In this case, the officials in a country are concerned about the in.
cidence of a nutritional deficiency disease, such as beriberi or
scurvy, among children in povertystriken areas. A random
sample of the children reveals that a certain proportion is affected.
An estimate of the true incidence may be given through the con
fidence interval (A special procedure is necessary for computing
the confidence interval for a proportion or percent.), or any hy
pothesis may be tested concerning the true proportion of children
who have the disease. If the normal incidence of the disease is
known for the country, that might well be the hypothesis selected.

One of the most useful of all statistics is a difference, since it
permits a comparison of results obtained from two random sam
pies. While the difference between two means is frequently the
point of primary interest and is therefore the difference most often
tested, the procedures are equally applicable to other statistics,
such as medians, standard deviations, c"rrelations, and so on.

Let us assume that two physical education teachers in neighbor.
ing communities give the same strength test to a random sample
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of children from their respective elementary school populations.
The mean strength score for 10.yearolds in Community A is 110
and in Community B is 115a difference of 5. May this differ-
ence be attributed to the chance error arising from the random
selection of the sample members, or is it evidence of a real au
periority in strength for the children of Community B? The hy.
pothesis to be tested is the null hypothesis, which states that the
true difference is zero. If this hypothesis may be rejected, at a
satisfactory level of confidence, the difference is regarded as sig-
nificant, that is, too large to be attributed reasonably to chance.
In this case, the evidence supports the superiority of Community
B children over Community A children in strength. If, on the
other hand, the hypothesis is acceptable, the evidence indicates that
the true difference may well be zero and that in terms of strength
the children of the two communities are regarded as being from a
common population.

The testing of differences has numerous applications in learning
and training situations. Let us consider the case in which a swim
ming instructor wishes to evaluate the comparative effectiveness of
two types of training for improving flutterlcick speed. Two ran .
rlom groups are selected and the groups are trained by the two dif
ferent treatments under consideration. At the end of the training
period, the subjects are measured and the mean speed for some
specified distance is found for each group. The null hypothesis
for the difference between the mean speeds of the groups is then
tested. If the null hypothesis is accepted, it indicates that there is
good reason to believe that the true difference in mean speed of
the is ' groups is zero, or that, under the conditions of the investi
galion, the evidence supports the idea that the two types of training
are equally effective in developing flutterkick speed. If the hy.
pothesis is rejected, the conclusion that a real or significant differ.
ence exists is considered reasonable; or one of the groups is su
perior in speed to the other, the distinction being made by examin
ing the relative size of the mean speeds. The conclusion of a
significant difference does not, in itself, constitute evidence as to
the cause of the difference. The statistical analysis simply indi
cots that whatever the cause of the difference, it is too large to
attribute all of it to chance. To reach the conclusion that one of
the types of training is more effective than the other, the investiga
for must show that all factors which conceivably could have
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caused such a difference were constant for the two groups, with
only the two types of training being permitted to vary.

The example just given illustrates a study in which two inde-
pendent groups were observed. There are some cases where a
better solution to a problem may be found by using "related
groups," that is, groups in which the members are matched or
paired. When a relationship exists, it must be given considera
lion in the standard error of the difference formula, and the
planning and execution of the investigation will be affected by this
factor. (See Chapter 10 on the Experimental Method.)
Small Samples. The rationale described for large samples is
equally applicable to small samples. It has been found, however.
that sampling distributions developed from small samples are not
normally distributed. These distributions vary for different sizes
of samples, with the tails of the distribution becoming more ex-
treme as the sample size decreases. Therefore, for small samples
the evaluation of sampling errors may not be based on the Table
of Areas Under the Normal Curve; instead, a special table, the
Table of t, has been developed for this purpose. The symbol t
has the same meaning for a small sample that CR (critical ratio)
has for a large sample, in that both are the ratio between the
sampling error and the standard error of the statistic. In any sit.
ustion where doubt exists as to whether to use the Table of t or
the Table of Areas Under the Normal Curve, the Table of t should
be used. Examination of the two tables reveals that as the num-
ber of cases exceeds 100, the values in the two tables are quite
cicse and eventually, as the sample size becomes very large, the
values become the same. As the sample site dect eases below
100, the discrepancies between the two tables become increasingly
greater.

If, in a small sampling study, the primary interest is the sig-
nificance of the difference Wt.:e'en two means, there is a factor
which should be given some comideration. The t test in sut.i a
case is a test of the hypothesis that the samples were randomly
drawn from a common normal population. If t is significant, this
hypothesis may be rejected, but this does not constitute a spec.fic
test for the difference between means. It is possible, although not
very probable, that the significant t was caused by a difference
in the variances only. In cases where some doubt concerning the
variances exists, the F test for the difference between variances
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may be applied. If the F test reveals a highly significant difference
between the variances, introducing uncertainty as to the validity
of the interpretations for the means, a different test of significance
may be applied. The hypothesis tested would be that the samples
were randomly drawn from different normal populations with the
acme mean. A nonparametric test might also be useful in a situa-
don of this kind.
Chi Square. Chi Square (x*) is one of the most versatile of all
the statistics available, since it may be used to test various by

and is applicable to a variety of situations. The simplest
applications of a chi-square test occur for those cases in which the
subjects of the sample may be divided into two or more mutually
exclusive categories. The observed frequencies which fall into
the various categories are then tested to determine whether their
divergence from theoretical frequencies is too great to have oc
curred by chance, or conversely, whether the divergence is so small
that it could reasonably be attributed to chance. The theoretical
frequencies are derived on the basis of the hypothesis being tested.

A simple illustration of this application of )(1 is provided by the
following situation. A community recreation director wishes to
give consideration to the interests of the adult population in his
community before developing the schedule for certain hobby
groups. A random sample of 150 adults indicates that 56 prefer
art, 45 music, and 49 drama. On the basis of this evidence, it
might be assumed that art groups should be scheduled with greater
frequency than the other two, and music groups with the least
frequency. However, realizing the role that chance plays in the
selection of a random sample, it might be far wiser to speculate
on the possibility that chance is directly responsible for the yetis-
tions in tke observed frequencies and that in the population
sampl-1 there actually is no preference for the three hobby groups.
If the hypothesis of no preference were tested, then the theoretical
population ratio would be 1: 1: I; and if the sample corresponded
exactly with the facts in the population, the frequencies would
have been even, with 50 persons selecting each hobby group.

The organisation of the data would be as given below.
Olterret themeried

NAST Prefettate Pregatoey funetwy
Art S6 So
Mask 4.3 SO

Nuts 4t SO
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In this problem, the divergence of the observed frequencies
56:45:49 from the theoretical frequencies 50:50:50 would be
tested. If it is found that this divergence may reasonably be
attributed to chance, the recreation director would have a basis
for scheduling equal numbers of the three hobby groups. Other.
wise, the results would indicate a need for scheduling more of or
kind of group than another.

This type of test is known as a test for "goodness of fit," and
any hypothesis concerning the population ratio may be explored
by this class of tests. One of its applications in the area of knowl.
edge test evaluation serves to emphasize the variety of situations
in which it may be useful. An individual has developed a knowl.
edge test composed of multiple choice items, with each item having
five responses. His problem is to learn whether the inccrreci
responses for each item are equally plausible. From an examina
lion of the first item, it was found that 60 students in the sample
answered it incorrectly. Their choices of the incorrect responses
were distributed as indicated in the table below.

()burred Theatrical
Respeast Fregstuy Preetetcy

1 20 IS
2 10 IS
3 17 15
4 13 is

Under the hypothesis of equal plausibility, the theoretical fre
quency for each response becomes 15 and the investigator applies
the xi test as a test of the compatibility of the observed and theo
retical frequencies.

Another example of a test for "goodness of fit" occurs when
an investigator is interested in learning whether the frequency
distribution for some trait conforms to a specified distribution in
the population. For example, in the fields of health and physical
education, an investigator may wish to develop norms for a physi
cal fitntss test. Since the norms are to be based on the mean and
standard deviation of the sample, it is desirable to have reasonable
assurance that fitness as measured by this test is normally distrib-
uted in the population. The answer to this problem may be se-
cured by applying the xa test for "goodness of fit."

A second class of tests involving xi is sometimes called "tests
of independence" or "tests of homogeneity." In either case, the
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test is for the presence of relationship between two traits. This
application of x2 is particularly valuable when the measure of the
traits is qualitative, and it may be applied to either ordered or
unordered categories. For example, the scho,)1 health authorities
in a certain large community are confronted with the problem of
improving the milk consumption among the children in the ele-
mentary school population. A random sample of 200 children
is selected, and the children are served a mid-morning bottle of
milk. Four flavors of milkplain, chocolate, strawberry, and
orange--are rotated for 16 days and a record is kept of the re-
action to the various flavors by noting the bottles consumed. The
reactions are recorded as indicated below.

Flavor Reaction

Fkor Consumed Partially Consumed Not Consumed
P12In 400 178 222
Chocolate 505 145 150
Strawberry 475 160 165
Orange 450 170 180

The hypothesis being tested is that there is no relationship be-
tween milk consumption and the flavor of the milk. If this hypoth-
esis can be rejected with a reasonable degree of confidence, the
presence of a relation is indicated and the school health authori-
ties would give consideration to milk flavors in planning school
lunches.

The presence or absence of relationship may thus be determined
for traits with any number of categories. It is important, however,
to understand that this test does not provide an index of the degree
of relationship, although such an index may easily be derived
from x2 when certain conditions are met (9:392-96). The relative
size of x2 simply provides an expression of the confidence one
may have that some relationship exists.

Several special applications of x2 have been developed, such as
the tests for homogeneity of variance, linearity of regression, and
the hypothesis that several sample r's have been drawn from a
comrnon population.

The sampling distribution of x2 is dependent only on the num-
ber of degrees of freedom available in the table from which the
calculations are made. The size of sample is irrelevant except in
the case of samples of less than 50 cases or when any theoretical
frequency is less than 10 (13:34). One limitation of tests of
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"goodness of fit" is that the direction of the differences is given
no consideration. This is most serious when the test is applied to
the hypothesis that a sample distribution conforms to some speci-
fied form in the population, such as a normal distribution. An
examination of the pattern of the signs of the diffeanees would
be indicated in such cases and, if necessary, some more efficient
test of "goodness of fit" should be performed.

In using x2 in the solution of problems, it is important to under-
stand that basic to a valid interpretation of the results is the as
sumption of random sampling.

CORRELATION

In the above presentation of statistical concepts, a single vari-
able has been described in various ways. This section deals with
the determination of relationship between variables. Correlational
methods are particularly applicable when the amount of relation.
ship is desired, rather than the amount of change from one situa-
tion to another. A coefficient of correlation is a single measure
that tells the extent to which things are related, such as human
traitr, _ various kinds present in the same individuals.

Correlation coefficients range from -1-1.00 through .00 to
1.00. A coefficient of .00, of course, indicates the complete

absence of relationship. The coefficients of 1.00 indicate perfect
relationships, the signs merely designating direction. A correla-
tion of + 1.00 means that the relative magnitude of two traits
corresponds throughuut the full range of their distributions. An
illustration of such a correlation is the relationship between the
circumference of a circle and its diameter: the larger the circum-
ference the greater the diameter, and vice versa. A negative cor-
relation indicates an inverse relationship: for example, the er-
roneous concept of "a strong back and a weak mind." An illustra-
tion of a correlation of 1.00 is the relationship between the
circumference of a wheel and the number of times it turns in a
mile: the smaller the wheel the more times it turns, and vice versa.
Seldom, if ever, do relationships of 1.00 occur in correlating
physical, mental, and social traits, so it is much more common-
place to see such correlations as .87 between the strength of right
and left grips, .42 between age and chest girth, and .59 between
standing broid jump distance and the amount of abdominal
adipose tissue.
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Product. Moment Correlation. The product-moment coefficient
of correlation (r) is essentially a ratio related to the extent to
which changes in two -t.,riables are associated throughout their
distributions. "Moment" refers to the sum of the deviations from
the mean (raised to some power) and divided by the number of
cases. When corresponding deviations in two variables are mul-
tiplied together, summed, and divided by the number, the term
product-moment is treed. This form of correlation is most often
used. It may he computed from grouped (scattergram) or un-
grouped data, as long as paired relationships are retained. A
large number of variations of the basic formula exist for correlat-
ing ungrouped data. One of these is particularly useful in making
computations with electric or electronic computers.

The product-moment method of correlation assumes data which
are continuous and present a rectilinear relationship. A rectilinear
relationship exists when a straight line is the line of best fit for
the paired scores throughout the distributions. A violation of this
assumption reduces the amount of the correlation coefficient from
its true value. Wlon data are not linear, the curvilinear (eta)
formula is used. If the linearity of the relationship is in doubt,
both r and eta should be calculated and the linearity tested. If
the distribution is found to be linear, r and eta are approximately
equal. Eta is never less than r, but may equal or exceed it.
Reliability of r. In the discussion of reliability above, it was ex-
plained that a sampling distribution of means (as well as other
statistics) takes on the form of a normal distribution. The whole
concept of reliability was then based on the assumption of this
normality. In a distribution of sampling r's, however, normality
exists only if the true r is .00 and the sample size is large. With
a high correlation, say of + .75, the distribution of sampling r's
is negatively skewed and leptokurtic. As a consequence of this
fact, a special problem is presented in applying tests of signifi-
cance and in determining the probable limits of the true relation-
ships.

In testing the significance of a correlation coefficient (whether
or not the obtained r is due to errors in random sampling), the
null hypothesis (that the true correlation is .00) may he applied
at various levels of confidence. This may be done by formula or
by use of a specially prepared table which provides the conch-
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Lions which would reject the hypothesis at the 5 percent and 1
percent levels of confidence.

To determine the probable limits of the true correlation, the r
should be converted into Fisher's z-function. The distribution of
sampling z's is nearly normally distributed, so it is safe to apply
a standard error of z in the same manner as for the mean. Once
the z's for the limits selected are computed, the z's may be con
verted back to r's. The same process of z conversion is necessary
when r's are averaged or when the significance of the difference
between r's is tested. A table exists to make the rz conversion
easy (8:210).
Special Correlational Methods. Various methods of computing
correlation have been devised for special conditions. The more
common of these are described below.
RankDifference Meihod. The rank-difference method, designated
as rho, if designed to determine the degree of correlation between
two variables when ranked in order from high to low. For ex
ample, pupils may be ranked in order of merit for such qualities
as sportsmanship, athletic ability, neatness of appearance, and the
like, and the degree of relationship found between any two of the
traits. To illustrate further, at one institution preparing physical
education teachers, ten sports were ranked by the staff according
to their over-all value for inter-collegiate competition and were
ranked according to the prevalence of alumni coaching the sports;
the resultant rho was .95.

The rank difference method may also be used when there are
only a few scores by ranking the scores in order of merit. Product-
moment correlation deals with the size of scores as well as position
in the series. Rank differences consider only the position of the
items in the series, making no allowance for the size of gaps be-
tween adjacent scores. Also, accuracy may be lost in translating
scores into ranks, as gaps are created in the rankings when a num-
ber of scores, all the same size, receive the same rating. As a
consequence, the artificial use of the method of changing scores
to ranks is not recommended, unless used for exploratory pur-
poses only.

The significance of rho may bs determined by application of
the null hypothesis in the same manner as for r.



TOOLS FOR ANALYZING AND PRFSENTING DATA 195

Bi.Serial Correlation. Bi-serial correlation may be used when one
variable is expressed as a dichotomy and the other is continuous.
In using this method, however, it is assumed that the dichotomous
variable is continuous and normally distributed and that the cor-
relational relationship is linear. Examples of such dichotomies
are athletic and nonathletic, socially adjusted and maladjusted,
pass and fail a test, and the like. In these instances, the traits
would be found in all probability to be continuous and normally
distributed in a random sample, if it were possible to measure
them in finer units. The bi-serial correlation is comparable to r,
when the underlying assumptions are met. Its significance may
be tested by the null hypothesis. The r to z conversion is not ap-
propriate in this instance, as the standard error of the same
serial r varies in accordance with the proportion of continuous
scores in each of the dichotomous classifications.
Tetrachoric Correlation. This correlational method may be used
when both variables are dichotomies. The underlying assumptions
and interpretations expressed for bi-serial r also apply to tetra-
choric correlation. It may be said further that the standard error
of tetrachoric r is one and a half to twice as great as for a cor-
responding product-moment r. As a consequence, the deliberate
use of this method by artificially forming dichotomies from con-
tinuous data has the effect of discarding approximately half the
data.
Phi Coefficient. The phi coefficient is designed for use when two
variables are truly dichotomous and are concentrated as two sep-
arate points or into two distinct classeP. Thus, the assumptions
of continuous and normally distributed variables do not apply.
Examples of such variables are the color of eyes as blue and
brown, married and unmarried men and women, and in-school
and out-of-school boys and girls. Vth the application of appro-
priate corrections, the phi coefficient may be used when both di-
chotomous variables are continuous or when one dichotomous vari-
able is a true dichotomy and the other is continuous. Tests of
significance may be applied through computation of chi square.
Contingency Coefficient. When two variables are grouped in two
or more categories, the contingency coefficient may be used to de-
termine the degree of relationship between them. This coefficient
has special value in showing relationship when the categories ex-
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teed two but arc less than the number that would appropriately
be used in the product-rnomui method of correlation. Further-
more, no assumption of normality in the distributions of the vari-
ables needs to be made, unless an interpretation similar to that
of r is to be made. This coefficient, however, is restricted in size
depending upon the number of categories. When the number of
categories is the same for each variable, a correction may be ap-
plied to bring this into perspective with r. The simplest test of
significance for the contingency coefficient is by utilizaton of chi
square.
Spearman-Brown Prophecy Formula. The Spearman-Brown
Prophecy Formula is used frequently in the construction of tests
on which several trials have been given. In securing reliability
for these tests, the sum of scores on the odd-numbered trials may
be correlated with the sum of scores on the even-numbered trials.
However, as the length of a test affects its reliability, and the odd-
even correlation represents only one-half of the entire test, a cor-
rection for the full-length test becomes desirable. The Prophecy
Formula is designed to make this correction. It is also used to
estimate test-retest reliability to be obtained from increasing the
number of trials on a test item.

Partial and Multiple Correlation. So far, all measures of rela-
tionship that have been considered deal with two variables only.
It is very useful many times to estimate relationship when three
or more variables are concerned. Multiple relationships are fre-
quently designated by their orders. The two-variable correlation
is known as a zero-order correlation; a third variable in the cor-
relation is a first order; and each additional variable increases
the order correspondingly.
Partial Correlation. By means of partial correlation, a third (or
more) factor may be held constant while determining the relation-
ship between two factors which might be influenced by this third
factor. The correlation of two variables contains common ele-
ments, in addition to the factors being related. The relationship,
which is unique to the two variables, is found when the common
influences are removed. The removal may be accomplished
through experimental design by control of the common factors or
through mathematical process by partial correlation. For example,
Bayard, Cozens, and Hagman (2:375) report that weight of col-
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lege men correlated .52 with shot-put distance; and also that
height correlated .40 with shot-put performance and .58 with
weight. The height influence, therefore, is found in the .52 cor-
relation. With the effect of height pat-nailed out, the correlation
became .39. Thus, it may be seen that the correlation between
shot-put distance and weight is materially reduced when the effect
of height is held constant.

In computing partial correlations, it is assumed that the cor-
relation is linear and that the influence of the partialled variable
is the same for all components or levels of the variable. In this
latter assumption, for example, does age, as a partialled variable,
have the same effect at all ages"? The reliabilities of the variables
must he high; thus, the number of cases must be large, as chance
fluctuations in the zero-order correlations have a marked effect
on the resulting partial correlation. Care must be exercised in
assuming causal relationsh;ps from partial correlations, as other
factors still not understood may be the causative factor; i.e., the
correlation is not always freed from common factors, as there may
b?, other unknown common factors present.
Multiple Correlations. A multiple correlation coefficient (11) gives
the correlation between a single variable, or criterion, and the
combined effects of two or more variables. The R permits the
seleeion of the most valid battery for forecasting a criterion. For
example, Mc Cloy used this method for determining the impor-
tance of age, height, and weight upon athletic performance.
Franzen depended on this method to show the influence of social
and economic factors on the health of the child. There are various
ways of computing multipn correlations, but basically they de-
pend on the zeroorder and partial correlations. As a consequence,
the underlying assumptions for these forms of correlation also
apply to R.

Multiple correlation coefficients are never less than the highest
zero-order correlation with the criterion, or dependent variable.
The addition of experimental, or independent, variables may or
may not increase R. The best situation for a high multiple cor-
relation is found when experimental variables correlate well with
the criterion and low with each other. When increases in R occur,
the first increase from adding a variable to the correlation is the
largest; the subsequent increases become smaller and smaller
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until the coefficient no longer increases with the adding of vari-
ables. This phenomenon of diminishing returns occurs only when
the variables are included in their order of importance in the
multiple situation.

The Doolittle solution of a multiple correlation has been ire.
quently used by research workers. This method provides a means
of solving multiple correlation problems with a minimum of sta-
tistical labor, especially when there are more than four variables
involved. The Wherry-Doolittle method (9:435) is particularly
useful when many variables arc included in the correlational
matrix. This method selects the tests of the battery analytically
and adds them one at a time until a maximum R is obtained. In
addition, there are a number of mathematical checks on the ac-
curacy of the computations. Multiple regression equations may
be computed as an extension of this process, It is possible, how-
ever, to compute by electronic machine a multiple correlation in-
cluding all independent variables in the correlational matrix, and
then test the significance of the beta coefficients in the multiple
regression (10:339). Those variables that do not affect the co
efficient of multiple correlation (i.e., are not statistically signifi
cant in the beta test) can then be eliminated.

Statistical significance of the multiple correlation coefficient not
only depends on the number of scores but on the number of vari
ables composing the correlation. The null hypothesis may be ap
plied most simply by use of specially constructed tables which
provide the R's necessary at the 5 percent and 1 percent levels of
confidence for different sizes of samples and numbers of variables
(9:426.28).

PREDICTION

Through regression equations, the individual's score or measure
on one trait may be predicted when his score or measures are
known on one or more other (independent) traits. It is also pos.
sible to analyze the relative contributions that each of the in
dependent variables makes to the predicted variable, and to state
in terms of proportions or percentages just what these contributions
Ore.

Regression Equations. A multiple regression equation may be
written for any number of variables; and may be written in devia
tion form, score form, and standard score form. The equation
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expresses the relationship between one independent or criterion
variable (X1) and any number of independent variables (X, X.1

X).
When the equation is written in score form, thc: partial regres-

sion coefficients give the waight of scores for each of the independ
ent variables. Thus, the effect of each of the independent vari
ables in determining the criterion measure is ;ndicate ., although
their relative importance is not revealed. When the multiple re-
gression equation is written in standard score form, the partial
coefficients ate replaced by beta coefficients or beta weights. The
beta coefficients yield additional information in that they indicate
the relative importance of each of the independent variables in
predicting the criterion.

The calculation of the standard error of estimate of the multiple
regression equation gives a measure of the amount of error to be
expected when the criterion measure is predicted from the regres
sion equation. The standard error is large unless the multiple
correlation upon which the regression equation is based is high.
As a consequence, it is often misleading to calculate regression
equations when the multiple correlation is low, especially if the
equations are to be used to predict individual performances. With
a low correlation, the standard error of estimate is so large as to
make the predictions practically worthless.

The use of the multiple regression equation in score form is
especially useful from a practical point of view, as the criterion
can be predicted directly from the actual scores obtained ;n the
testing. To illustrate this process, the following example is pre-
sented. With junior high school boys, a multiple correlation of
.985 was obtained between the Rogers Strength Index, as criterion,
and leg lift strength and arm strength (Rogers), as the independ-
ent variables. The multiple regression equation in scoreform was

SI = 1.22 (leg lift) + 1.23 (arm strength) + 499
If a boy had a leg lift of 1200 pounds and an arm strength of 400
pounds, his predicted SI based on the equation would be 2455.
Predictive Index. Coefficients of correlation may be reduced to
"percentages," or predictive indices. Actually, the predictive in-
dex is the reciprocal of Truman Kelly's coefficient of alienation.
It is interpreted in terms of the percent of prediction value better
than a "best guess." In physical education this index has been
used to compare the relative predictive value of two or more co.
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efficients of correlation. The technique is valuable to show the
improvement in predictive accuracy to ')e expected when estimat-
ing an individual's standing on one meas.tre from his standing on
a second related measure. For example, an r of .40 would improve
the prediction by 8.3 percent over a "best guess" are 91 r of .80
would improve the prediction by 40 percent over a "best guess."

ANALYSIS OF VARIANCE
The analysis of variance provides a technique for finding a valid

estimate of the errors arising crom the random selection of the
subjects of several samples. Furthermore, it provides a basis for
analyzing the effects of various "treatments" on the sample sub-
jects.

The methods of the analysis of variance are based on the con-
cept that, when several independent random samples are drawn
from the same population, two independent estimates of the vari-
ance of the population may be found. The first of these estimates
is derived from the variance of the sample means and the second
from the mean of the sample variances. In the case where several
zamples have been drawn from the same population, the two esti-
mates of the population variance would then differ from each other
only by chance. Thus, a method is provided for testing the hy-
pothesis that several independent random samples are from a
common normal population.

The general procedures and major phases of an analysis of
variance may probably be best explained through an illustrative
problem. The simplest case is that in which three groups are in-
volved, Consider the hypothetical situation in which 60 subjects
have been divided at random into three groups of 20 each. The
investigator is interested in determining the effect of three differ-
ent kinds of motivation during a training period for improving
arm strength. The three groups are assigned at random to the
three exF irimental treatments (motivational techniques), and at
the end of the experimental period, each subject is measured for
arm strength.

At the beginning of the experimental period, the three groups
were known to differ from each other in arm strength only by
chance. Hence, the question now resolves itself as to whether the
groups still differ from each other only by chance, or if the differ-
ences among them are too large to be attributed to chance. If the
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conditions of the investigation have been properly controlled, so
that all subjects were treated alike except for the motivational
techniques, and the differences are too large to have reasonably
occurred by chance, there remains only the conclusion that there
is a difference in the effectiveness of the motivational techniques.

The first step in the solution of the proLlem is to derive the two
estimates of the population variance from the arm strength mea
sures of the three samples, and then determine whether or not
these two estimates differ significan4 from each other. The ap-
propriate test to be used is the Variance Ratio or F test. If F lacks
significance, as evaluated by a predetermined level of confidence,
the hypothesis that the samples are from the same population is
regarded as tenable. This completes the analysis, and in the prob.
lem under consideration the conclusion is reached that the motiva
tional techniques used are equally Pt i ve. If, on the other hand,
F is found to be significant, it is Alive of real differences in
arm strength among the groups, that is, differences too large to
consider chance as the probable cause. In this case, the hypothesis
that the samples are from a common population is rejected at the
level of confidence established for the problem. It is now known
that in terms of arm strength. the groups are no longer from the
same population. This test does not, however, reveal between
which groups the differences exist nor the exact cause of the sig.
nificant F. The significant F may have resulted from differences
among the means, the variances, or a combination of the two.

The primary concern of the investigator is to detect whether the
groups differ from each other on the average, but, before a specific
test for the means is applied, homogeneity of variance should be
established. The best estimate of the population variance, to be
used in the standard error of the difference between means fo.mu
la, is the mean of the three sample variances. Therefore, it is
necessary to demonstrate that the variances are homogeneous;
otherwise, it would be incorrect to pool them. Also, if hetero-
geneity of variance is present, it may have resulted from cards.
lion between the means and variances of the samples. Since the
F test assumes independence of the two estimates of the population
variance, this cause of heterogeneity of variance would render the
F test invalid.

The second major step in the solution of the problem is, then, to
apply 11 to test the hypothesis of homogeneity of variance, If Xi
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lacks significance, the conclusion is reached that the samples are
from a population with a common variance and the significant F
could have resulted only from real differences in means. lf, how.
ever, x' is significant, it would become necessary to transform the
raw data to another scale in an attempt to stabilize the variances.
If a suitable transformation was found, the entire analysis would
then be performed on the transformed scores.

The final step in completing the analysis, after homogeneity of
variance has been demonstrated, is to apply the t test for the pur
pose of locating the means between which real differences exist.
The hypothesis being tested is that the samples, taken two at a time,
are from the same population relative to arm strength. In ,.-eses
where the hypothesis is tenable, it is concluded that the two moti
vational techniques compered are equally effective. In cases
where the hypothesis is rejected, it is concluded that one motive.
tional technique is more effective than the other, the relative size of
t.tie means indicating which is more effective. At least one sig.
nificant t must emerge from this analysis and it is, of course,
possible that all is will be significant.

It should be clearly understood that valid interpretations from
such an analysis depend on satisfying certain conditions: (a) The
samples of the investigation have been drawn at random from a
common normal population; (b) T e variances of the treatment
populations are homogeneous and the distribution of the treatment
populations is normal.

The first assumption is satisfied by the random assignment of
subjects to groups and groups to treatments. Homogeneity of
variance may be tested by xi, but the normalcy of the population
distributions may be difficult to demonstrate, owing to the small
number of subjects usually available in experimental investiga
tions.

This type of investigation is psitieularly applicable to methods
experiments, but it may also be applied to a variety of situations.
Typical examples of problems to be solved are the effect of psycho.
logical method on learning a motor skill, the effect of various
distributions of practice, or training in improving skill or physical
condition, the influence of various diets in improving the nutrition
of undernourished children, the effects of various bouts of exercise
on fitnt" the influence of recreational habits on work productivity.
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The last example may be used to illustrate the application of the
analysis of variance methods to observational data. The data
collected in a study concerned with conditions whic:1 already exist
in a population are referred to as observational data.

Let us uppuse, for example, that an industrial concern wishes
to explore the possibility that workers of different recreational
habits also differ in their productivity. After recreational habits
have been categorized, the population members (workers in the
concern) would be identified according to their proper category.
At this point there is a choice of procedures to follow. Each of
the category groups may be treated as a subpopulation, and a
random sample may be drawn fro:n each of these s'Ibpopulations.
The work productivity means of the individuals in the samples
from the subpopulations are then tested by the methods of analysis
of variance. An alternate procedure which may be followed is to
select one large sample at random from the total population, divide
the subjects into their proper categories, and apply the analysis to
the means of the individuals in the various categories. A 'bird
possible procedure may merit particular consideration when the
total number of subjects available is relatively small or the cate-
gories are so numerous as to make the subgroups quite small. In
this procedure, all available subjects are divided into proper cate-
gories and the category means are analyzed.

One of the chief limitations of an analysis of observational data
arises from the fact that frequently it is impossible to develop
clear-cut interpretations from the results. This difficulty arises
from the inability of the investigator to identify or control 81110

dated conditions as satisfactorily as in a controlled experiment.

ANALYSIS OF COVAltIANCL

The analysis of covariance is an extension of the methods of
analysis of variance in which the methods of regression and the
methods of analysis of variance are synthesized.

The advantage of the analysis of covariance over the analysis of
variance lies in the increased precision of the error estimcte. It
is quite possible that under the covariance analysis, because of the
reduction of chance error, the conclusion trots the analysis of
variance will be reversed. The gain in precision is achieved through
a statistical technique which equalizes the initial individual differ-
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ences of the subjects with respect to the criterion trait, or some trait
related to the criterion trait.

To achieve this equality, adjustments are made of the final
criterion scores of the subjects on the basis of their initial scores.
This adjustment of scores introduces a precision which is come
parable to that obtained when group- are initially matched. There
are, however, problems involved in matching subjects which are
obviated by the methods of covariance. When groups are to be
matched, the subjects cannot be assigned to the groups and time
schedules cannot be planned until after the initial test is given.
Under an analysis of covariance, subjects may he randomly as.
signed to groups immediately, since till modifications for initial
status are performed after the treatments have been applied.

The etiettiveness of the covariance analysis as compared to the
vatiance analysis is dependent directly on the degree of relation.
ship which exists between the criterion trait and the trait selected
for initial measurement. If this relationship is small or negligible,
no advantage will be gained and the considerable time and effort
invOved in securing the initial measure will have been wasted.

A brief explanation of the principles involved should at least
serve to clarify the underlying theory.

The adjustment of the scores is made by determining the regres
!ion of the final criterion measures on the initial measures. Basic
to this process is the assumption that there is one true regression
of the final on the initial measures which is constant for all of the
groups. If the deviation of an initial score from the mean of the
initial scores and the regression coefficient are known, an estimate
may be found of the value of the deviation of the final score from
the mean of the final scores. Thus, it is possible to estimate for
each subject how mu, h his final score will deviate from the final
mean, as a result of his initial status only, without regard for the
treatment to which he was subjected. If this estimated deviation
is subtracted from the subject's final score, it yields an adjusted
score which expresses the individual's final status, with the effect
of his initial iittus ruled out. If the mean of the adjusted scores
is then found for each group, these means will not be affected by
chance differences in the initial ability of the subjects with re.
spect to the criterion measure or some measure closely related
to it. means will have the same relative site that they would
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have hr,d in the case where subjects were matched at the beginning
of the investigation.

Stated in the simplest way possible, it may be said that the
analysis of covariance is, in effect, an analysis of variance of the
adjusted scores. Actually, the statistical procedures are such that
adjustments of individual scores are not necessary and the adjust-
ments are made directly to the means.

The analysis of covariance could well be applied to the problem
used for the purpose of illustrating the analysis of variance. Even
though the subjects were initially assigned to the groups at ran
dom, the vagaries of chance are such that there may well be con-
siderable variation in the arm strength of the subjects from group
to group at the beginning of the training period. Since it is to be
anticipated that chance variations in initial arm strength will be
reflected in the final measure of arm strength, it behooves the in-
vestigator to take steps to equalize the initial arm strength of his
groups.

There is no doubt that a substantial relationship will exist be.
tween the initial and final arm strength measure*. This relation-
ship is used in the covariance analysis to estimate the adjusted
arm strength means, which as a result are free from chance differ-
ences in initial arm strength. Sine tne subjects have been made
more alike by this procedure, there is a reduction in the variability
of the adjusted scores as compared to the final SCONS. This de-
crease in the variability of the adjusted scores (rebidull variance)
is reflected in the error estimate, which is correspondingly de-
created.

It would be quite possible that, in the solution of the arm
strength problem by the analysis of varia. , the error estimate
would be so large that the final conclusion reached would be that
there is no evidence from the analysis that any of the motivational
techniques is more effective than another. Owing to the reduction
in the site of the error estimate, the same arm strength measures
analysed by the covariance methods could very well provide sub-
stantial evidence that there is a difference in the effectiveness of all
of the motivational techniques, or between any pair or combina-
lion of pairs. The error estimates obtained from the two types
of analysis are equally valid, but the estimate from the analysis of
covariance has the added advantage of increased precision.
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The reader may well ask why an analysis of variance would
ever be performed when the precision of the investigation is so
effectively increased by the simple expedient of securing an initial
measure. The answer is that it is not always possible to identify a
satisfactory initial measure. For example, if an investigator
wanted to compare the effectiveness of three different methods of
teaching swimming to beginners, he could not possibly obtain a
measure of initial swimming ability, since the subjects have no
swimming skills. He might rationalize several factors which con
ceivably could be related to success in learning to swim. However,
in general, the contributing factors would be ,o numerous, or so
complex, that it doubtless would be futile to nticipate that any
one of them, or even two or three combined, would be sufficiently
definitive to satisfy the demands of the analysis of covariance. In
such a case the analysis of variance is indicated.

The general procedures applicable to the analysis of covariance
are the same as described for the analysis of variance. The main
difference is that the covariance analysis is in terms of the ad.
jutted measures and demands certain additional calculations in
order to develop estimates based on these adjusted treasures. The
development of the adjusted measures also introduces additional
assumptions, and the validity of the interpretations, as in any
analysis, will be directly affected by the degree to which the as.
sumptions are met,

The first assumption is that the samples of the investigation have
been drawn at random from a common normal population, and in
addition all of the samples, in terms of the criterion measure, are
random samples from their respective treatment populations. Both
phases of this first assumption relative to randomness may be
satisfied by the assignment of the subjects to the groups at random
and of the groups to the treatments at random.

A second assumption is that the initial measures are not affected
by the experimental treatments. If the initial measure is secured
before the treatments are given, this assumption cannot be violated.

The third and fonrth assumptions are concerned with the re-
gression of the final scores on the initial scores. It is assumed
that this regression is homogeneous for all of the treatment popu
lations and that it is linear. Both of these assumptions ruv be
testedthe homogeneity of regression by the test and linearity
of regression by
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The final two assumptions have to do with the distribution of the
adjusted scores in the treatment populations. It is assumed that in
each treatment population the scores are normally distributed and
that the variances for the populations are homogeneous. The x2
test may be used in testing both of these assumptions. However,
some difficulty may be encountered in testing for normality since
in many experimental studies the number of subjects is too small
to meet the conditions of such tests.

In addition to the simple analyses discussed, both the analysis
of variance and covariance are basic to the solution of problems
under more complicated experimental designs.

FACTOit ANALYSIS

Factor analysis provides a valuable aid in understanding the
basic causal variables in any given field. If the primary or uni
tary abilities, designated as factors, are isolated by this technique,
relationships will be revealed which may then be studied in greater
detail by other methods.

Factor analysis offers a means of summarizing the complex
interrelations which are present in a series of intercorrelations, al.
lowing the determination of the smallest number of rincorrelated
primary abilities which must be assumed in order to .:count for
the table of intercorrelations. It provides a means of analysing
the factorial composition of each test, revealing the extent to which
each independent ability is represented by each test. It permits
the writing of regression equations which will predict the amount
of any primary ability possessed by an individual, and it may be
used to estimate the best combination of test items to predict the
composite of all of the factors.

Test scores are converted into tat,ies of correlations. and tables
of correlations are converted into tables of factor loadings by
statistical techniques which add nothing to the original data. The
interpretation of the factors is not simply a statistical matter, but
requires insight into the nature of the original tests.

Several methods have been devised for reaching the solution to
a factor problem. Among the most prominent methods are those
proposed by Spearman, Hollinger, Hotelling, Kelley, Tryon, and
Thurssone.

Wolfle (21) suggests the following criteria for evahiating the
different methods: accuracy of the original table of cwielations,
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independence of factors, ease of computation, parsimony of the
number of factors in the entire battery, parsimony of the number
of factors in each test, goodness of geometric fit, consistency of
factor loadings when a test is analyzed as part of a new battery,
ease of interpretation of factors, and opportunities for testing
one's hypothesis regarding a factor. On the basis of these criteria,
Wo Ifle concludes that Thurstone's multiple factor analysis is the
most satisfactory. Wale states his decision is in agreement with
the opinion of Garrett, Guilford, Marginean, Mc Cloy, and others.

Limitations of the factor analysis which are mentioned by Wolfle
(21) are: (a) The solution is seldom a unique one; (b) The
exact measurement of individual scores on the factors is possible
only with the flotelling technique; and (c) The factor pattern is
dependent on the sample studied and may differ considerably from
that found in the population.

A typical problem to which the technique of factor analysis is
applicable is an analysis )f the primary abilities essential to
basketball players. The investigator concerned with this problem
would attempt to identify all the physical attributes and motor
and sports skills which presumably would be prerequisite to the
game. lie would then attempt to select simple, valid measures of
each of these attributes and skills, and finally he would administer
the battery of selected tests to a representative group of indi
viduats.

The Analysis of the data thus collected would involve developing
a correlation matrix which includes the intereorrelations of all of
the tests, development of the table of factors, and rotation of the
factors.

From the table of rotated factors the factor identifications would
be made. For example, in ti is basketball study, it may be antici
pated that such factors as strength, speed, general co-ordination,
handeye co-ordination, and possibly kii.esthetic perception and
peripheral vision would appear. The analysis would thus permit,
among other things, the identification of the primary abilities basic
to the battery of tests and, in addition, would indicate which pri
mary abilities are most essential in the performance of each of
the specific skills of basketball.

The method of (oleos analysis has alrea i !mind numerous ap
plications in the areas of health and physical education. It has
been used, for example, in the analysis of growth, strength, anthro.
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pometric measures, cardiovascular measures, physical fitness, and
a variety of motor and sports skills. In most instances, the Thur.
stone multiple solution has been used, with orthogonal rotations
by the twoatatime method. A study by Cumbee (4), however,
suggests that the multiple group method of rotation may be more
advantageous than the twoat.atime method.

NONPARAMETRCC METHODS

Many widely sed statistical tests are limited in their applies.
lion, since they acsume certain conditions about the population
from which the sample was drawn. These tests are validly ap
pliable only in those cases where the assumed conditions are ac.
tually present in the parent population. This class of tests is known
as parametric tests.

For example, one if the commonest assumptions is that the
samples have been randomly drawn from a normal population. In
situations where this condition is found, the appropriate parametric
test should be used since it will be most efficient in the utilisation
of the data. In eases where the asstusrion of normality is not
met, it is then desirable to use the prow, nonparametric or dis
tributionfree test.

Nonparametric tests are free from any assumptions concerning
the distribution of the parent population (other than that it is
continuous in certain teats), and the calculations involved in most
of these tots are quite simple.

Several tests which have proven very useful in the past are of
the nonparametric class. Such tests as the xi test for goodness of
fit, the coefficient of contingency, and the rank correlation meth.
ods are examples of this class of test More recently, many addl.
don't nonparametric tests have been developed which are valuable
in testing hypotheses about single samples and two or more sam.
pies, either related or unrelated.

Typical hypotheses which may be evaluated and some of the
appropriate nonparametric tats are as follows:

1. The sines sample
(a) The population distribution from which the temple was

&awn conforms to some theoretical distribution! the Kol-
mogntotSceirnot one sample test (1S:147).
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2. Two independent samples
(a) There is no difference in the distributions of the populations

from which the samples were drawn: the Kolmogorov
Smirnov two sample test (20:426; 15:127); the run test
(20:428).

(b) The two samples were drawn from a common population:
sum of ranks test (20.434).

(c) The two samples were drawn from populations with the
same median: the median test (20:435; 15:111).

3. Mere than two (r) independent samples
(a) The r samples were drawn from populations with the same

median: the median test (20.435; 15:179).
(b) The r samples were drawn from a c, Imon population:

analysis of variance by ranks (20:436; 15:18I).
4. Two related samples

(a) The median of the population of differences is zero: the
sign test (20:430; 15:68).

(b) The mean of the population of differences is zero: the
signedranks test (20:432; 15:75).

5. More than two (r) related samples
(a) The r samples were drawn from a common population:

analysts of variance by ranks (20:438; 15:166).

MECHANICAL DEVICES

Many studies invoice the collection of numerous data, the
proper analysis of %chid. demands extensive calculations. The
time and effort required to organize the data and perform the
calculations by hand may well be so exhorbitant that for the usual
investigator the expenditure is prohibitive. Fortunately, there are
mechanical aids available which so reduce manual and mental
labor that hundreds of hours of time may be salvaged.

e automatic calculator greatly simplifies such tasks as adding,
subtracting, multiplying, dividing, and extracting square roots
which are sometimes ends in themselves and at other times basic
to more extensive calculations. 'through the use of the cumulative
multiplying system, the sums of measures and the sums of squares
of measures necessary for standard deviation may easily be
secured. This system also greatly facilitates finding a zero order
correlation. An of the essential terms, sums of measures and
sums of squares for both variab:es, and sums of the crossproducts
are found simultanecusly with no more effort than is involved in
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tabulating the paired values of the two variables. The tediousness
of the calculations demanded in the solution of problems based
on the analysis of variance is also greatly resolved by the use of a
calculator.

In studies such as extensive checklist and questionnaire surveys,
in the correction and analysis of large numbers of test papers, in
multiple correlation, factor analysis, and analysis of variance, the
use of an electronic computer affords immeasurable relief from
the onus of handling and rehandling papers and performing mas-
sive calculations.

When it is known that an electronic computer is to be used, it is
advisable for the investigator to consult with the individuals in
charge of the computer. Considerable time and money may be
saved if the data Nre recorded in the most efficient form for the
purpose of transcription to the calls on which they will be
punched. Companies have set up computing centers, with manuals
of program abstracts which describe the various functions the
computers will perform. If the investigator locates a program
in which he is interested, he may send to the company for a copy
of the complete program which d !scribes in detail its purpose,
method of functioning, limitations, precautions, etc. Copies of
program details will also usually be available at the center where
the computer is located.

Some of the simple functions which may be performed in or-
ganising the results of a checklist or questionnaire study are
sorting the cards by categories such as age, sex, school, grade, etc.;
counting the numttr and type of responses to the various ques
Lions; providing information such as the number of persons who
answered "no" to one question who also answered "yes" (or "no")
to another; printing on sheets of paper any information on the
card, in any desired arrangements; tabulating and printing sums
for the total group and for any subgroups desired.

In a cotrelational analysis study with as few as 20 variables,
190 intercorrelations would be present, imposing a terrific calm-
lational burden even if an automatic calculator is available.
The electronic computer can provide the means and standard
deviations for each of the variables, and the coefficients for all of
the intercorrelations. In an analysis of variance problem, the
sums of squares for the various error estimates are found by the
computer.
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CHAPTER 8

Construction of Tests

RAYMOND A. WEISS
M. GLADYS SCOTT

THIS CHAPTER MAY BE USEFUL IN AT LEAST FOUR WAYS. FIRST,
it may serve as a guide to the person who wishes to construct a
test. Knowing what qualities he seeks to measure, the test con
structor must first devise and then validate - test that will evaluate
these qualities.

Secondly, it may be useful for the person who wishes to verify
or extend the validity of an existing test. Some fine research has
been published wherein the authors have provided additional in-
formation about the reliability or validity of tests, or who have
extended tests for use by groups not originally included when the
tests were first developed.

This chapter may be useful, also, to the specialized person who
serves as advisor to graduate students. Although test construction
is a procedure requiring scientific skill, it is not out of reach of
students who are supervised by qualified and experienced educa-
tors with good test construction backgrounds.

Finally, this material may be useful to the teacher who wants
to know how tests are constructed so that he can evaluate the tests
he uses in his own program. Knowledge of test construction
enables him to read reports about tests and to judge the research
procedures used by the authors of the tests.

313
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REASONS FOR CONSTRUCTING TESTS
Compared with all those who use standard tests, only a very

small number of people ever develop the tests they use. The
test constructers and the test users are two distinct groups; and,
as one might guess, users of tests often have other reasons or dif-
ferent condition3 in mind than did the authors at the time the
tests were constructed. Consequently, many tests are suitable for
use only under special or unusual conditions. The following
examples demonstrate this idea.
For Research. Often a research worker finds that the instrument
he needs for his research project does not exist; therefore, he has
no alternative but to develop his own device. His major objective
is to produce an instrument that is accurate to a high degree of
refinement. He cares less about practical considerations, such as
the amount of equipment needed, expense of equipment, the num
her that can be tested in a unit of time, and space requirements.
Consequently, some tests that are useful in research, such as an
endurance run on a motordriven treadmill, would be impractical
in a school testing program.
For a Local Situation. Sometimes, a teacher wants a tailor-made
test to fit his own situation and is willing to spend the time and
effort needed to develop such an instrument. The result may be
just what the author wants but may not be nearly so suitable in
other programs. To illustrate, the author of a knowledge test
may plan the content of the test to match the content of the health
education course he teaches. This is natural enough, but if the
author plans to publish his instrument, other users would have to
be sure they agree with that content.
For Special Groups. Tests have been constructed for such special
groups as the military services, recreational organizations, boys'
clubs, social agencies, and state educational programs. In most
cases, each test is adapted to the special purposes and character-
istics of the organization. To illustrate, the Air Force physical
fitness test was planned so that it could be administered to large
numbers in short periods of time. Recently, a physical perform-
ence test was adopted for use in one of the states. As part of the
development of this test, items were selected only after they were
judged adaptable to the special conditions of the school program
in that state.
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Such adaptation to special groups is commendable, but it is
obvious that another group interested in such a test would first
have to determine its suitability to that group's own program.

Faced with all these special circumstances it is little wonder
that authors of tests have developed instruments that seem more
suitable for one situation than for another. In some ways, this
is unfortunate. It is probably true that teachers who do not con
duct testing programs are influenced more by the unsuitability of
available tests than by their lack of validity or reliability.

Because the materials in this section may have some bearing
upon the construction of future tests, the need to develop tests
that are administratively feasible and widely adaptable cannot be
overstressed.

TYPES OF TESTS

Although there are z-any more than two types of tests, it is
convenient to place them all into two large categories when dis-
cussing test construction proceduresnamely, written tests and
physical performance tests. Whereas physical education and recre-
ation use both written and physical performance tests, health
education, on the other hand, has more use for the written tests.
In fact, tests of proficiency in first aid are probably the only health
education physical performance tests, and these bear little resem-
blance to motor tests in the other two areas.

The remaining materials in this chapter are presented in two
sectionsone dealing with written tests and the other, with physi-
cal performance tests.

Written Tests

Tests that measure knowledge and understanding are used in
all three areas of health education, physical education, and recre-
ation. The reader should know that knowledge is not the same as
understanding. Knowledge requires simple recall and is based on
memory. On the other hand, a person displays understanding
when he shows that he can use his knowledge to form reasoned
judgments. A student shows knowledge when he responds, "nine
players," to the question, "How many men on one team take the
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field in a standard baseball game?" However, understanding is
required to answer the question: "What is the meaning of a news
report on a tennis match between A and B which reads (7.5),
(6.4), (6.8), (8.6) ?"

(a) A close match between women
(b) A close match between men
(c) An easily won match between women
(d) A deuce match between men
(e) A close match, but cannot tell whether it is men's or women's match.

To answer this question correctly, the student would have to
recognize the relationship between such bits of knowledge as
game scores in a set, difference in number of sets for men and
women, meaning of sequence of scores, number of sets required
to win, and the usual form of match reports.

Another form of written examination is the test of misconcep-
tions. These tests can be developed in any of the three fields,
although health education has developed the most, apparently as a
means of ferreting out and eliminating health misconceptions. The
question form usually consists of true-false statements, with the
significant ones being false. True statements are scattered through.
out the examinatior to camouflage the purpose of the test. Sample
statements are: "An overweight person can be confident he is not
malnourished." "Insanity is a shameful disease which is a sign of
evil." "Accidents usually happen to unlucky people."

Still another form of written test is the instrument for measur-
ing attitude. Here, the person who responds to each question shows
his feeling about the importance or value of the topic contained in
the question. For example, the student who responds, "Agree,"
to the statement, "I would take physical education only if it were
required," reveals that he does not place much value on physical
education as a subject in the school.

Although the explanations above cover most type of written
questions, sometimes authors use different terminology in naming
the tests. For example, some are labeled tests of status, others are
called tests of habits, still others are tests of interests, and so on.

Although different in coatent, these tests are all constructed
along the same general procedures: (a) preparing the preliminary
form of the test; (b) testing for validity; (e) preparing the final
form of the test; (d) testing for reliability; and (e) preparing
norms.
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PREPARING THE PRELIMINARY FORM

The purpose of this step is to produce a preliminary form of the
test which can be experimented with in the succeeding steps. Al-
though the first draft of any test seldom remains unchanged, the
experimenter tries for perfection from the start. He knows that
he can save time in the later steps by taking extra care in develop.
ing the preliminary form. The experimenter develops the pre-
liminary form of the test in at least five steps: constructing the
framework, collecting statements of information, choosing the form
of the questions, preparing the questions, and preparing the in-
structions and other information needed for the examination form.
Constructing the Framework. A written test can cover as much
or as little content in a subject as the author wishes, and he must
decide upon the scope of the examination at the start. This scope
usually depends upon the purpose of the test. A test that measures
achievement at the end of a course will cover a greater scope than
one which tests for learning in one unit of a subject.

The test author identifies the scope of the test by listing all
aspects of the subject he wishes the test to coven This listing is
called the test framework, or the table of specifications.

If the author is preparing a test to use in his own class, he may
apply his course outline as the framework for the test. This is
logical, as he would naturally want the test to cover the same
elements he covers in his course.

However, if the experimenter is developing a standardized test,
he will want to search authoritative sources, such as books and
articles, to be sure his framework covers all important aspects of
the subject.

The framework should also chow the relative importance of
each item in the listing. This may be used as a guide in determin-
ing the number of questions for each item of the framework.

The procedure used by Langston (25) in standardizing a volley-
ball knowledge test demonstrates the development of a test frame-
work. In compiling a list of the most commonly emphasized
phases of volleyball, he reviewed 40 articles written about volley-
ball, 14 of the latest issues of the International Volleyball Review,
and the four latest issues of the Onicial Volleyball Guide. From an
analysis of these materials, Langston identified 11 distinct parts in
the game of volleyball. Next, he asked a jury of experts to rate the
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importance of these 11 phases. In this way, he achieved the follow.
ing framework of his volleyball test:

Volle, ball Phase Percentage Value
History 3
Pen 11

Set-up 11
Spike 12
Net recovery 8
Block 9
Sera. 10
Offensive strategy 12
Defensive strategy 11
Rules 8
Officiating

Kelly and Brown's study (23) to develop a test of field hockey
provides another example of the weighted framework. In survey-
ing 11 textbooks, they found that coaches or teachers of field
hockey should have competence in four areasrules, techniques,
coaching procedures, and umpiring. Within these four areas, the
literature revealed 82 topics which Kelly and Brown weighted
from 1 to 5 in the order of increasing importance and complexity.
Collecting Statements of Information. The content of any test
is developed from the subject matter of the study unit or units to be
covered in the test. The test author prepares statements of informa-
tion to cover all phases of subject matter listed in the test frame-
work. He may collect these statements from his lecture notes, from
textbooks, from library reference materials, and even from his own
knowledge and understanding which he has gained during his
professional career.

Two factors influence the number of statements the author pre-
pares. One factor is an anticipated loss of some statements which
will be discarded later if they are not found to be valid for the
test. There is no set rule for estimating this kind of loss, although
it is not uncommon to prepare double the number of questions
needed on the final form. For example, Langston (25) decided
to start with 206 questions after fixing the final size of the test at
100 questions. This last item, the final size of the test, is the second
factor. Because the number of statements determines the length of
the examination, the author must now decide upon the time limit
for the test fuid the total number of questions a class can answer
in that time. This total becomes the size of the final test, and the
experimenter must work backward from that number in deciding
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how many statements to prepare at the outset. Phillips (36)
found that college women could answer 100 items in a 50-minute
period.

As he compiles the statements of information, the author groups
them under each part of the framework. When he finishes collect-
ing, he then screens the statements within each part of the frame-
work, eliminating the less desirable ones and eliminating overlap
or duplication.
Choosing the Form of the Questions. Before the test author
can prepare test questions from the statements of information
described above, he must first decide upon the form of the ques-
tions. Although there are many ways to plan questions, the foul
question forms used most are multiple choice, true-false, recall
and matching.
Multiple Choice. The multiple choice question consists of a state-
ment followed by several alternate responses (usually from 3 to
5), one of which is the correct or best response. Kilander (2'.)
uses the following type in his Health Knowledge Test for College
Students:

Which disease is transmitted most readily and quickly by personal
contact?

1. Cancer
2. Pellagra
3. Nephritis
4. Anemia
5. Diphtheria.

The Health Practice Inventory, by Johns and Juhnke (18), asks
how often the individual uses various health practices. For
example:

Da you participate in walking or hiking as part of your daily activity
program?

1. Never
2. Rarely
3. Sometimes
4. Usually
5. Always.

The test author can use any type of multiple choice response he
wishes, depending upon the content of the question. The above
are two of many kinds.
True-False. In answering true-false questions, the student agrees
or disagrees with the statements. Here is a common form for true-
false questions:
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T F 1. A person Increases his strength by increasing the number of
muscle fibers through exercise.

T F 2. In soccer a goal may be scored directly from the kick-off.

The student marks each question true or false by circling the T
or F preceding the question.
Recall. In answering recall questions, the student writes the
answer in a blank space provided on the t..amination sheet. The
answer may be one word, a phrase, or even a sentence. Here are
examples of two types of recall questions.

1. How many bones are there in the body?
2. List four tests of physical fitness: (a)

(b)
(c)
(d)

Matching. In answering matching questions, the student compares
two columns of words and matches each word in one column with
the appropriate word in the second column. Often, one column
contains phrases rather than single words. Here is a partial set of
matching statements.

Select ;Le beat statistical procedure for each occasion:
When interested in the dispersion of 1. St:Indere; scores
RAM.
When comparing one group with an
other.
When looking for a substitute of one
test item for another.
When interested in computing a com-
posite score for a multiitem test.

2. Co rrelet..us

3. Standard drriadon
4. t test
5. Histogram

6. Step Interval

Which To Use? Test construction experts agree that the multiple
choice type is the most "aluable of the objective question forms.
It is especially good when testing the students' understanding and
ability to judge and discriminate. Tests in physical education and
health education employ mostly multiple choice questions.

The recall type of questions is rated as valid, but tends to en-
courage rote learning. In preparing for examinations containing
recall questions, the student is encouraged to memorize isolated
bits of information. This type of question cannot be scored by
machine.

Matching questions, like recall questions, tend to encourage rote
learning. Also, they are more difficult to construct than other types
of questions. Unless skillfully prepared, this test form is likely to
provide clues to some of the correct responses.
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The true-false type is the least reliable of all the objective forms,
and educators discourage its use except where other forms do not
fit the situation. Some educators object to this form on the basis
that it encourages guessing, and others object to questions which
are false, saying that they have an effect of negative suggestion.

There is a definite tendency now to favor multiple choice ques,
tions for objective written tests. However, the other forms may be
useful in some instances, provided that the questions are carefully
prepared.
Attitude Test Questions. The statements in attitude tests are similar
to the statements in true-false and multiple choice questions. How-
ever, the form of the response to the attitude statement depends
upon the technique used in scaling the instrument. Two sealing
methods prevailone by Thurstone and the other by Likert. In
the method developed by Thurstone (44), the subject is asked to
select only those statements with which he agrees. Carr (6), in
her attitude test, uses the ThurstoLe method by asking the subject
to agree or disagree with each statement, as in the following
examples:

It like quiet games with no running or jumping.
I. Agree
2. Disagree

In the method proposed by Likert (27), the subject selects one of
several possible responses to each statement, as in the following
example:

I enjoy a shower at the end of - physical education period.
I. Strongly agree
2. Agree
3. Undecided
4. Disagree
S. Strongly disagree

In constructing an attitude scale, the Thurstone method requires
more time and labor than the Likert technique, but studies
show that the two types of scales give substantially the same re-
sults. In recent years, authors of physical education attitude tests
have preferred the Likert scaling method. Wear (48), Kappes
(21), and McCue (28) developed their tests of attitudes in physi-
cal education in the manner of Likert.

The reader is referred to Chapter 5 for more information about
attitude scales.
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Preparing the Questions. After the test author has decided upon
the form of the questions for the examination, his next step is to
prepare questions to cover the statements of information he had
selected earlier. It takes skill to write questions that are direct,
clearly and concisely worded, and adapted to the difficulty level
of the group for which the test is constructed. C.,ott and French
(41: Chapter 8) list the following rules for constructing the four
forms of questions, which are reproduced here with the permission
of the authors.

Multiple Choice
1. Use a short, simple, direct question form for the stem.
2. Avoid choices which are not plausible or which are too obvious.
3. Avoid having more then one correct response If the directions call

for selecting the one correct answer.
4. Avoid answering one question with another.
5. Avoid unintentional clues, such as placement of correct or best re.

sponse consistently in a certain place In the series; word matching
between the stem and the response; making the corre.lt response
consistently longer or shorter than the incorrect ones; the gramme.
1.41 clue of using a singular expression in the stem and plural
ones in all but the correct responses; and the grammatical clue of
using an incomplete statement In the stem, ending in "a" or "an."

6. Avoid use of te- language and of stereotyped phrases if the
purpose is to test for ability to use information and for understand.
ing rather than memorization. Use familiar or stereotyped phrasing
in an incorrect response occasionally to deliberately mislead the
shallow thinker.

True-False
1. Make the statements or questions brief and direct.
2. Avoid ambiguities.
3. Avoid textbook wording.
4. Have an approximately equal number of each alternative, with no

regular pattern to responses.

Recall
1. Be sure only one word or phrase can answer it correctly.
2. State questions to elicit the briefest answers possible, for objectivity,
3. Provide spaces of uniform length, long enough for the longest

reply, to avoid unintentional clues.
4. Provide space for answers in or near a margin to facilitate scoring.

Marc/ging
1, The right-hand column should contain the responses and should

always have at least two more items than the leftband column, to
prevent answering the difficult ones on the basis of elimination
alone. The items in the right-hand column should be numbered or
lettered.

2. Place blank spaces for recording the number or letter of the match.
In item in front of the hems in the left-hand column.

S. Avoid clues in grammatical form or the use of proper names or
capitalization.
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4. Make the content of each list homogeneous.
5. State in the directions whether items in the righthand column may

be used more than once.
6. Be specific in the directions as to the basis upon which connections

are to be made.
7. Arrange the lefthand column in sequence, alphabetically or numer

Preparing the Test Instructions. The test author should be as
careful in preparing the test instructions as he is its preparing the
test questions. These instructions should appear on the experi-
mental test form so that the investigator can check their accuracy
and clarity during the development of the test.

Space is usually provided at the top of the test form for the
name, date, instructor, and name of the course. Some test forms
call for other information such as age, grade level, name of school,
date of birth, sex, father's occupation, religious affiliation, cows-
try of birth, and place of parents' birth. Investigators use this
additional information in preparing norms and in studying factors
that are related to achievement.

The directions should explain the mechanics of answering the
test questions. When the test has more than one type of question,
seprate directions for each part may be needed. The time limit
should be statedor the fact of no time limit, if this is the case.
Instructions often offer helpful hints such as "Do not spend
too much time on any one question," and "Do not guess." Broer
and Miller (5) use the following directions for parts of their tennis
knowledge test:

Part I. Multiple truefalse: If the statement is entirely correct, encircle
the "T." If the statement is totally or partially incorrect, encircle the
"F."

Part IL Multiple choice: Place a figure X opposite the statement which
best applies to the particular situation.

Part VI. Matching. The descriptions in Column II apply to some of
the words or phrase, In Column I. Place the appropriate letter from
Column I in the blanks provided in Column II.

Sometimes, the test directions are illustrated by sample ques-
tions. The correct answer to the sample is marked according to
the instructions.
Curricular Validity of the Test. After carrying out the preceding
steps, the investigator now has a preliminary form of his test.
Although he has no evidence of the statistical validity of the test,
he should be able to demonstrate that the test does have curricular
validity.
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Validity is the degree to which the test fulfills its purpose. For
example, an informational body mechanics test is valid if it really
measures the students' knowledge and understanding about the
efficient use of the body. Validity can be demonstrated subjectively
and objectively; the former is termed curricular validity.

A simple way to demonstrate curricular validity is to describe
in detail the process of constructing the test. The author can offer
proof of curricular validity at each of the several test construction
steps. In the first step (setting up a framework), the test will be
valid to the extent that the items in the framework cover the subject
of the test. If the literature shows that throwing, catching, running,
and are important aspects of baseball, then the investigator
demonstrates curricular validity when he lists these items in the
framework and uses the literature to document their importance.

If the test author intends to use the test in his own course, he
can demonstrate curricular validity by showing that the items of
the framework cover the statements of the course objectives and
the course outline.

The investigator can extend the evidence of curricular validity
by showing that the statements of information used in preparing
the test questions amply cover the content of the course or subject.
In this connection, the author should show that the proportion of
questions for each part of the framework places a proper ratio of
emphasis upon that phase of the subject. For example, if the sub-
ject of softball should be taught with the following proportions of
emphasis,

Rules 25%
Techniques 25%
Came strategy 30%
Team ori,anization and tactics 15%
Safety, use of equipment, etc 5%

then the statements on the examination should cover the subject
matter in these proportions.

Still another way to demonstrate curricular validity is to show
that each test question was constructed with care and in accordance
with accepted criteria on rules such as those listed on pages 222.
223. After the questions have been prepared, these same rules
may he used to judge how well the questions turned out.

Although the author of the test may carry through the steps of
curricular validity without assistance from others, in addition he
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may submit the preliminary form of the test to experts for verifi
cation. In this case he asks a committee of judges to evaluate the
content of the test by considering such factors as:

1. Due consideration for functional values rather than ex.
elusively factual content material

2. Importance of the respective items
3. Clarity and apparent efficacy of each hem
4.. Suitability of the item level of difficulty for the group to

which it will be administered
5. Similarity of test items to situations in which abilities

will ultimately be used
6. Proper ratios of emphasis as opposed to overemphasis of

certain points.

Also, the judges may be asked to evaluate the mechanical aspects
of the test, such as:

1. The items should be direct questions, dearly and con.
ditty worded.

2. There, should be no clues or artificial sources of aid to
any student.

3. There must be a real basis for the correct response.
4. The form of the hem should be suited to its content and

function.
5. The directions shouts be simple and understandable.
6. Possibility of errors m answering and scoring should be

minimited kr provisions for response.
7. The items should be well arranged from a psychological

viewpoint.

The test author may be able to make valuable changes in the
examination upon the suggestions of his committee of experts.

Finally, it may be said that curricular validity is demonstrated
when the proper emphasis is assigned through appropriate propor
Lions of questions for each part, and when the items in the teat are
carefully constructed.

To gain the details of test construction, which limitations of
space make impossible here. the reader wil find thorough treat.
ment of the subject in such references as Adkins (1), Ebel (9),
Engelhart (10), Mosier, Myers, and Price (33), Ross (39), Scott
and French (41), and Weitzman and McNamara (50).

*FISTING FOR VALIDITY
Once the preliminary form of the written test is completed and

its curricular validity demonstrated, the next step is to administer
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the test to a group of subjects and then analyze the scores item by
item for statistical validity. Because evidence of test validity is
affected by the type of subject used in the experiment, the test con-
structer should use subjects from the same population for whom
the test is intended, and also select subjects with a range of ability
in the test subject from high to low. Statistical validity of written
items is usually tested in three ways: (a) index of discrimination,
(b) difficulty rating, and (c) functioning of responses.
Index of Discrimination. For a test to be useful, it should dis-
tinguish between those who possess knowledge and understanding
and those who do not. This is test validity. However, the ability
of a test to distinguish between students of varying abilities depends
upon the discriminating power of each item in the test. A test item
is said to discriminate when the students who answer it correctly
are found to achieve higher on the total testthan the students who
answer the item incorrectly. Several techniques are available for
testing discriminating ability of test items. Some of these pro.
ecdures are described below.
Flanagan Index of Discrimination. The Flanagan technique (12)
yields a productmoment coefficient of correlation which indicates
how well a test item differentiates good and poor performance. The
correlation coefficient is high when the item is answered correctly
by those who score high on the total test and answered incorrectly
by those who score low on the total test. When high and low
scorers do equally well on a test item, the item coefficient is low.
Depending upon how the high and low scorers achieve on a test
item, its index of discrimination may fall anywhere between high
and low. In the Flanagan technique, a validity coefficient is corn-
puled for each item in the test. Thus, SO validity coefficients are
needed to validate a 50.item test.

In addition to the original reference describing this technique,
Scott and French (41:28692) describe the steps in detail for corn
puling the Flanagan index of discrimination and introduce a
sample worksheet that facilitates the computations involved. The
experimental data needed are the scored examination papers,
written by a group of subjects, showing the right or wrong mark
for each que$tion and the total score cn each examination paper.
The experimenter discards those papers in the middle of the total
score distribution and works with the high and low score papers,
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usually the upper 27 percent and the lower 27 percent of the total
number writing the examination. [See Kelley (22).) In analyzing
a test item, the investigator computes the percentages of the lower
and upper groups that answer the item correctly. For example, if
3 out of 30 low scorers answered an item correctly, the proportion
of success would be 10 percent. Likewise, if 21 out of 30 high
scorers answered that same item correctly, their success would be
70 percent.

The investigator then enters these two percentages in a special
table, prepared by Flanagan, and reads off the index of discrimi
nation. This index is an estimate of a correlation coefficient be.
tween success on the item and success on the criterion of total
score. In the example given above, the index of discrimination
turns out to be .

In order for an item to be retained in the same form, it should
yield an index of approximately .20 or be'tcr. Although .20 is the
minimum acceptable level, each investigator will have to decide
upon the exact cutoff point, depending upon the subject matter in.
volved.

The Flanagan technique is a simple procedure which has the
advantage of

1. Dealing only with two divergent groups
2. Making use of a conversion table
3. Making it unnecessary to use each person's total score in

the computation of the index.

Studies by Dzenowagis and Irwin (8), Kelly and Brown (23),
and 'fermis (1 ?) illustrate the use of the Flanagan technique for
testing item discrimination.
The Aschenbrenner Technique. Aschenbrenner (3) suggests that
a smaller percentage of high and low scores be used in computing
an index of discrimination when very large numbers of subjects
write the examination. Instead of selecting the upper and lower
27 percent of the papers in the distribution, he suggests using the
extreme 10 pement in the distribution tails. The index is computed
in a manner similar to the Flanagan technique from a special sal e
for the 10 percent extremes. Aschenbrenner suggests that Cie
index be computed on no less than 100 papers and no more than
600. Hennis (17) used this technique in validating knowledge tests
In Optical education.

1
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The Davis Technique. Davis (7) presents a technique in which
the index of discrimination for a test item is expressed on a scale
ranging from 0 to 100. He converts the Flanagan r into Fisher's z
which, in turn, be converts into an index ranging from 0 to 100.
Tbis technique is more complex than the Flanagan technique, but
except for this drawback it appears to have the same advantages.
There appear to be no tests in our special fields which were vali.
dated using the Davis technique.
The Swineford Procedures. Swineford (43) presents two proced
urea for judging the validity of test items.

1. Swineford uses the test papers that fall into the upper and
lower quartiles of a distribution and applies the following formula
in evaluating each test item:

(t.+ wo tw.4-
N

where II = number right, W = number wrong, U = upper quar.
tile, L = lower quartile, and N= total number of papers in the
distribution. The larger the index, the greater the discriminating
power of the item, Perfect discrimination would yield an index
of 1.0. Items should be rejected when the index falls below .4 or
.5. A report by Scott (40) illustrates the use of this procedure.

2. In a second technique, Swineford evaluates item validity
using the entire distribution of examination papers. First, she
sorts the set of papers into two piles: one in which an item is
answered correctly, and the other in which the item is answered
incorrectly. Then she averages the total scores in each set of
papers. Where these two sverages differ by at least an amount
equal to one standard deviation of the total group of papers, the
item may be considered valid. The investigator repeats this pro
cedure for each lest item.

Scott and French (41:285) present a worksheet on which is
tabulated a frequency distribution of correct responses to an hem
and another distribution of incorrect responses to the same item.
The averages are then computed using there frequency distribu
tions.

Although the Swineford procedure is more time consuming
than the Flanagan and Davis techniques, nevertheless it is satisfac.
tory in the absence of the latter's charts. The Swineford technique
is illustrated in reports by French (15) and Scott (40).
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The Votaw Technique. Votaw (45) also uses the upper and lower
tails of a distribution to evaluate the validity of test items. How-
ever, unlike Flanagan and Davis whose index of discrimination
is expressed as a correlation coefficient, Votaw compares the per-
cent of high scorers who answer an item correctly with the percent
of low scorers who also answer the item correctly, and then tests
the significance of this difference using a probable error term.

Votaw also uses a formula which tests the validity of an item
in a slightly different, but equivalent, way. With this formula,
the investigator can estimate the proportion of the high scorers
who would have to answer an item correctly when a known propor-
lion of the low scorers answer the item correctly, if the item is to
be judged valid. The investigator then compares this estimate with
the actual proportion of high scorers answering correctly. If the
actual proportion exceeds the estimate, the item is judged to be
valid. Votaw suggests that this second formula be used to prepare
a graph for interpolating the validity of test items. Since only 10
to 18 formula computations are needed to establish the curve, any

planning to test the validity of many more than that number of
items would save I. ie by preparing and using the graph instead
of working the formula for each of the test items. Reports by
Miller (31) and Phillips (36) illustrate the use of the Votaw tech-
nique.
The Phi Coefficient. Jurgensen (19) uses the following formula
to determine the validity of a test item:

(p. p) (1p, pi)

where cl) = phi, p. = proportion of N in upper group which has
correct answer, and p, = portion of N in lower group which
has correct answer. Phi is a value that an be converted into a criti.
cal ratio or a chi square. It also can be transformed into a value
corresponding to a Pearson r.

iurgensen has prepared a table to enter with proportion values,
making it possible to find phi without using the above formula.

Once values of phi are computed, they can be used again and
again regardless of the number of cases in the high and low scoring
groups. This is an advantage over the Votaw formula where the
results hold only for the N used in the formula. Broer and Miller
(5) and Fox (13) used the phi coefficient in validating knowledge
tests.
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Validating Against External Criteria. All the indexes of discrimi
nation discussed above have one thing in common. They are
used to validate each item in test against the criterion of the
total test; hence the term, item validity. Accordingly, the validity
of the test depends upon the validity of each test item. Thus, the
validation procedure neve' breaks out of the circle, and it is clear
that we are dealing with a form of internal consistency. An alter.
nate to the use of such an internal criterion would be to validate the
proposed test against some external criterion.

Although external criteria are frequently used in developing
physical performance tests, they bre seldom used with written
tests. In developing a knowledge test for tennis, Broer and Miller
(5) showed that intermediate tennis players scored higher on the
test than did beginning players. The authors state, "A comparison
of the two distributions can be used as an Indication of validity
of the total test." Ilere the criterion is external because the stu
dents were classified into two groups on the basis of a factor
(experience) other than the test results. Phillips (36) also demon.
grated that divergent groups snored differently on a badminton
knowledge test. She found that major students in physical educe-
lion scored higher than nonmajors who were classified as beginning
and intermediate students.

Besides the divergentgroups criterion, the test constructor may
use other types of external criteria. lie may ask judges to rate
students for their knowledge in observable class situations and
then correlate the scores on the experimental test against these
ratings. Kelly and Brown (23) correlated scores on a field hockey
test for physical education majors with the instructor's rating of
the students' competence to teach field hockey. Because judges'
ratings are subjective, this technique must be used with great care.
Kelly and Brown illustrated another kind of external validity
criterion when they correlated test scores with the extent of the
students' field hockey experience..

In all of the above examples of external criteria, the authors
were providing added evidence of test validity; their major source
of validation was the item validity analysis.

Item analysis is a more appropriate form of written test vials-
lion than is the use of external criteria. Anyone planning to de-
velop a written test would do wc11 to use one of the several
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nation indexes available in the literature rather than some external
criterion, although the experimenter may use an external validity
procedure as an additional step.
Difficulty Rating. A test question is difficult if most students fail
it, and easy if most respond correctly. The percentage answering
correctly is the difficulty rating of the item. Thus, a question which
is answered correctly by 40 students out of a group of 100 will
have a difficulty rating of 40. This question would be rated as
more difficult than a question with a difficulty rating of 90.

Items which are too difficult or too easy are likely to have low
discriminating power. The experimenter should set limits and
then discard items which execcd those limits. For example, those
items with less than 10 percent or more than 90 percent difficulty
ratings are frequently dropped. Because of the effect of difficulty
upon validity, there appears to be some advantage in having the
difficulty ratings concentrate around 50 percent. On the other
hand, a spread between 10 and 90 percent will tend to insure dis
crimination at all levels of ability. Easy items help to discriminate
among the poorer students, while difficult items prevent the top
students from clustering on the grade scale.

The experimenter may not find it easy to get the range of diffi.
culty ratings he seeks. In any event, he should be aware of the
general level of difficulty of the test, as this information will help
him to set standards for grading the students.

In developing their tests, flennis (17), Langston (25), and
Waglow and Belling (46) illustrate use of the difficulty rating
of test items.

Functioning of Responses. In multipleresponse questions, at
though only one answer is "correct," the other responses to the
question should be plausible enough to distract the sinclent who
does not really know the answer. When all the responses of a
question are equally plausible, the student who does not know the
answer is faced with the choke of omitting the answer or guessing.
On the other hand, if the student knows that one or more of the
responses are not correct (because they are implausible) he may
be led in the direction of the right answer by having fewer plaus
ible answers from which to choose. All the distracting responses
to a question should function, and the test constructor should
demonstrate this attribute as part of the validity of the test.
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Testing for nonfunctioning distracters is a simple procedure.
The investigator computes the percentage of students who select
each response to a question. For example, if 60 students out of a
group of 100 select the four wrong answers to a five choice ques-
tion as follows,

1st distractor-8 students
2nd distractor-20 students
3rd distractor-25 students
4th distractor-7 students

the percent of responses would be 8,20,25, and 7 percent, respec
lively. Scott and French (41:282) suggest that any response not
selected by at least 3 percent of the total number of persons taking
the test be discarded as a nonfunctioning distracter.

Both Hennis (1 ?) and Langston (25) used the standard of 3
percent in testing for nonfunctioning distracters. Hennis discarded
any item with less than two functioning distracters. Langston either
replaced nonfunctioning responses or dropped the entire question.
Kelley and Brown (23) judged a response to be nonfunctioning if
it was not selected by at lea, 2 percent of the subjects.

PREPARING THE FINAL FORM

In the preceding section, we saw how the test constructor tests
the validity of the test items, using an index of discrimination, a
difficulty rating, and a measure of the functioning of responses.
Now, the experimenter is ready to reduce the original, experi
mental form of the test to its final form. He does this mostly by
eliminating certain of the test items. If the author can discard all
the undesirable items and still have a valid, wellbalanced teat,
he will not need to revise any items, avoiding a repetition of the
experimental testing.

The most important basis for discarding questions is item valid-
ity. The author tentatively sets aside any items that fail to meet
the standards for discrimination, difficulty, and functioning of
responses. Tht'i he makes adjustments in the rernainin,; group of
questions so as to retain curricular validity, keep a balance among
the types of questions, and end up with the desired length of test.

In retaining curricular validity, the author need only to be sure
that the final form of the test has questions, in the correct proper
lion, to cover every part of the original table of specifications.
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If the test contains two or more typcs of questions, the 'Author
may want an equal number, or some other proportion, of each type.
For example, the author may want luilf the questions to be true
false and the other half, multiple choice. Here, the test constructor
has to be careful in discarding questions not only to give the correct
balance in types of questions but also not to disturb the proportion
of questions needed for curricular validity.

In discarding questions, the author keeps in mind that he wants
the final form of tho jest to be short enough to be administered
within a given period of time. Thus, he makes the length of the
test another factor to guide him in preparing the final form of the
test.

During this phase of test construction, the author may see some
resemblance to the game of chess. He has to consider factors of
item discrimination, difficulty of questions, functioning of re.
sponses, curricular validity, balance of types of questions, and
overall length of the examination. Before making a move to adjust
one factor, he has to consider the effect upon the other factors. He
may find that several alternate adjustments appear possible, and
he then has to decide which move will work out best in the end.

Although authors differ somewhat in the order in which they
deal with factors for revising the experimental test, most of them
follow the same general pattern. In a typical arrangement of
steps, Phillips (36) first eliminated tests that lacked dixrimina
lion, then made adjustments needed to retain the correct propor
tion of questions shown in the table of specifications (curricular
validity). Thirdly, she made adjustments on the basis of the ed.
terion of difficulty of the question. Phillips found that while work.
ing on the curricular validity, she could simultaneously make
adjustments to achieve a near 50.50 balance between true-false
and multiple choice questions. Using these procedures, Phillips
reduced the original test of 178 items to a final form of 100 items.

As an alternative to di circling unacceptable questions, the
author may revise some of the items. However, he must expect
to revalidate these items, which means administering the teat a
second time. When he makes a number of such item revisions, the
author can expect to increase the hem validity of the final form
as compared with the original test. Broer and Miller (5) revised
and restated questions which rated low in discrimination. They
found that whereas their preliminary test contained approximate.



234 RESEARCH METHODS

ly 30 items with a satisfactory discrimination index, the revised
form of this test had 70 items with a satisfactory discrimination
index.

TESTING FOR RELIABILITY

Reliability is of secondary importance in evaluating a written
test, in contrast to the large part it plays in evaluating motor tests.
When a written test meets the standards for discrimination, diffi
culty rating, curricular validity, and functioning of responses, it
follows reasonably well that the test will be reliable. For this
reason, the author need not test the reliability during the develop.
ment of the test, although he may want to show a reliability coeffi.
cient as part of the overall evidence in support of the test.

Although there are many procedures for testing reliability, they
all fall into three major categories: (a) internal consistency re.
liability, (b) alternate forms reliability, and (c) testretest re.
liability. In the fields of health, physical education, and recta
Lion, the KuderRichardson procedure is the most often used
technique for testing internal consistency and has been used in
such studies as Langston (25), Drenowagis and Irwin (8), Miller
(31), and Phillips (36). The splithalves correlation, plus the
SpearmanBrown formula, is used almost exclusively to compute
alternate forms reliability. Fox (13), Wag low and Rehling (46),
Stradtman and Cureton (42), Wag low and Stephens (4 ?), Kelly
and Brown (2.1), and Broer and Miller (5) have all used the
splithalves teciuiique. Because students would tend to remember
the answers when retaking a written test, the testretest reliability
is of little use for knowledge tests.
KuderItichardson Procedure. The KuderRichardson procedure
(37, 38) requires only one administration of a single test. Dif
ferent formulas are used depending upon the assumptions that are
made. One formula is used when the investigator assumes that
the test measures only one factor. Another formula is used when,
in addition to this previous assumption, it is also assumed that all
intercorrelations betweln items are equal. By adding a third
assumptionthat all items have the same difficulty --a still simpler
formula is permissible. Seldom do tests justify all three assump-
tions. However, the latter formula, which is simpler and quicker,
may be satisfactory for some purposes. The authors state con
cc-fling this formula that, "It may be considered as a footrule
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method of setting the lower limit of the reliability coefficient, or
the upper limit of error." It usually gives an underestimate,
which is on the side of safety.
Split-Halves Procedure. Again, using one administration of a
single test, the investigator correlates the sum of the oddnumbered
questions with the sum of the evennumbered questions. This pro.
vides a Pearson r. Because this coefficient is based upon one-half
the length of the test, the correlation is corrected using the Spear.
manBrown prophecy formula (16) to get an estimate of reliability
for the fulllength test.

Splithalves reliability has the limitation that both halves of
the test are taken at the same sitting. Therefore, if any chance
factors exist that would tend to affect test performance differently
at different sittings, the effect of these factors would be missing
in scores collected in one sitting. Putting it another way, the
chance factors would affect the split scores in the same direction.
The overall effect is to raise the correlation coefficient spuriously.
Angoff's Equation. Angoff (2) proposes a formula as a substitute
for the KuderRichardson procedure. Ile warns that, although
the KuderRiehardson formula is intended for use in a single
application of a single test, it assumes a correlation between
separate form,. Bennis (17) used Angoff's Equation C to test
the reliability of seven knowledge tests.

Guilford (16) points out that the following faaors affect the
reliability of a test:

1. hem difirstry. Items of moderate difficulty, where SO pereeot pass sad
SO totem fail, ate the most reliable.

2. hem Stleseestektiatt. Relishility is highest when the items of the test
all lotettortelste highly.

S. Rap of &F. otty. "flri mere lastly equal are the dilkeltles of the test
items, tit idgfite is the test reliability.

4. Length eil test. Reliability bemuses with so loans* is length of the test.
S. item /iv:finite/reek Item diocriminatioa, Which is the estrelatioa of as

Rua with the soul test score, Is a good fades of Item latettotttlatloas
(see No. 2, above). As ellettire way to Wattle the hem latereortelatioss
Is to improve the diserialuative quality of the test dens.

Ebel (9) reminds us that reliability values &i are influenced
by the types of subjects used in developing the test. Ile points
out that it is easier to get high reliability when the students range
widely in level of achievement than when they are more nearly
equal.
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The reader will notice that the above factors bear a close rela-
tionship to the factors that affect the validity of the test, as de-
scribed above in this chapter. This similarity in factors affecting
test validity and reliability illustrates why it can be said with
confidence that when a written test has validity it may also be
expected to be reliable.

PREPARING NORMS

Norms are tables that may be used to interpret test scores.
The teacher can use these norms to tell whether the scores of his
students are average, above average, or below the expected level
of ability. It is customary for the author of a standardized test
to prepare norms to accompany the test. This requires that he
first administer the test to a number of subjects (a sample) from
the population for whom the test is intended, and then prepare
the norm table using the data thus collected.

Drawing a proper sample requires technical knowledge, and
the reader is referred to Chapter 4, "Populations and Samples,"
for hints on how to draw a sample of subjects. It should be pointed
out that the test author may be skilled in sampling procedures and
still go astray at ancelter point, namely in identifying the appro-
priate population from which to draw the sample. For example,
we may expect that a group of students who have had no instrue-
tion in an activity will score lower on a test than a group that is
comparable except for the fact that it has had one year of instruc-
tion in :hat activity. Therefore, if the test author adrninisias the
test to subjects at the beginning of the semester, the results will
yield Influent norms than would result from year-end testing.

The point here is clear. The test author must fast decide what
kind of norms he wants, and then must simple from the kind of
population that will produce these norms. Langston (25) wanted
volleyball knowledge norms that reflected the results of volleyball
instructions; therefore, he administered his test to students who
had completed a course in volleyball instruction. Phillips (36)
found that the badminton norm data shc collected fell into two
categoric; some of the students had participated in 12 to 16 bad-
minton classes while the others had been in 25 to 36 classes. She
wisely set up two norm tables, and labeled one for beginners and
the other for intermediates.
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When the norm data are collected, the author is ready to con-
struct the norms. Sometimes, norms are presented simply as a
letter grade scale based on equal intervals on the baseline of a
normal curve. The following norms, based on a distribution mean
of 70 and a standard deviation of 10, illustrate this type:

A 88 dr up
D 7617
C 64-75
D 5243
F 51 +SI clown

Scales that range from 0 to 100 are frequently used, possibly
because teachers and students are accustomed to this type of
scoring on report cards and in classroom grading procedures.
Sometimes this is a percentile scale, as in Phillips (36), although
more frequently a standard scoring scale provides the 0 to 100
range.

Two commonly used forms of standard scoring scales are the
T-scale and the sigma scale. The mean is 50 for each, but the
T-scale has a standard deviation of 10 whereas the sigma scale
has a standard deviation of 16.67. In comparison, these two
scales have advantages and disadvantages, although the sigma scale
appears to be more widely used in health and physical education
tests. The main advantages of the Tscale are its ability to differ-
entiate the achievements of the outstanding performers who tea('
to cluster at 100 when scored on the sigma scale, and the recog-
nition of the poorer students' abilities by a value somewhat greater
than zero. However, the T-scale has the disadvantage of usually
placing 100 out of reach of the best performers in most classes,
thus possibly tending to dampen motivation.

Physical Performance Tests

As stated previously, most of the physical performance tests
are in physical education and recreation, in contrast to health
education in which there are none except tests of proficiency in
first aid. Textbooks generally agree that these tests fall into at
least five major divisions, including anthropometric and body
mechanics, cardiorespiratory, physical fitness, general motor abili-
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ty, and sports ability tests. In turn, some of these are subdivided.
For example anthropometric and body mechanics tests may include
tests of posture, some tests of nutritional status, and tests of body
build. Physical fitness has many components, and tests exist to
measure some of these specific aspects. There are strength tests,
flexibility tests, and endurance tests, to name a, few. For a more
complete breakdown of types of physical performance tests, the
reader may consult a number of fine textbooks on measurement
and evaluation in the fields of physical education and recreation.

In general, the method of constructing tests is the same for
all types of physical performance tests. Furthermore, these test
construction procedures are quite similar to those for written
tests. They will be presented here in four parts: selecting the
criterion, selecting the test items, testing the reliability and ob-
jectivity of the test items, and validating the test. A fifth step,
preparing norms, has been covered previously under written tests,
and the same procedures apply to physical performance tests.

SELECTING THE CRITERION

Sometimes, in developing tests, test authors select tentative test
items as the first step, while at other times the investigator turns
first to the problem of choosing the test criterion. The order in
which the various steps occur depends somewhat upon the way in
which the test is validated. Simply as a convenience, the selection
of the criterion is presented first.

A criterion is a known and accepted measure of whatever the
author wishes to test. In developing a test, the author selects a
criterion, chooses an experimental test, and then correlates the test
against the criterion. If the correlation is high, this may be in-
terpreted to mean that the test accurately measures the criterion.
If the criterion is a measure of physical fitness, then a test that
correlates high with the criterion is also a measure of physical
fitness. If the criterion is a measure of motor ability, then the
test that correlates high with the criterion is also a measure of
motor ability. We can see, then, that the criterion is the means
used to validate the test. The proven validity of a test depends
upon tie extent of its correlation with a criterion. Several types
of criteria are used in test construction. Some of the more valuable
types are described briefly here.
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Previously Validated Tests. When tests are known to be valid,
they may be used as criteria against which to validate experimental
tests. Previously validated tests are available in some areas and
not in others. As test development progresses, more tests will
become available for use as criteria. Wilson (51) used the
Rogers' Short Strength Index, 3 x sum of right and left grips

weight
plus (pull-ups + push-ups) X (-10 + height 60 ), against

which to validate her tests of strength. Because the criterion meas-
ures arm and shoulder girdle strength, the Wilson te-ts may also
be said to measure arm and shoulder girdle strength. Phillips (35)
validated his three-item test (vertical jump, chins, and running)
against the Larson Muscular Strength Test (chins, dips, and verti-
cal jump).
Competitive Standings. This technique is used mostly as a
criterion for a sports skill and generally takes the form of a round
robin tournament. To illustrate, Miller (30) administered a
round robin badminton tournament to 20 players and then cor-
related the standings in the tournament with scores on an experi-
mental badminton wall volley test. Using the tournament as a
criterion of total playing ability in badminton, Miller concluded
that the volley test validly measures ability in this sport.

Subjective Ratings. Judges' ratings can be a satisfactory cri-
terion if the judges are competent and well trained and if they
have an adequate chance to observe before rating. Judges' ratings
are probably the most common criterion for validating tests, and
the following examples are only a few of many presented in the
literature. Everett (11) used a coach's ratings of baseball playing
ability as the criterion against which he validated his experimental
baseball test. Fox (14) validated a swimming power test against
the criterion of judgment -of -form swimming. The judge was an
experienced teacher of swimming who judged each subject on a
10-point scale according to form in the sidestroke and front crawl
stroke.

One criticism of the judges' ratings is that it introduces the ele-
ment of subjectivity. However, this element may be largely over-
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come by having the judges use a checklist containing the factors
to be judged and a scale for standardizing the ratings.

Divergent Groups. Another criterion for validating tests is the
divergent groups procedure. This criterion may be used any time
two groups can be found to represent the opposite extremes of the
quality that the test is to measure. Thus, in the development of
the McCurdy-Larson Test of Organic Efficiency (29), varsity
swimmers and infirmary patients represented good and poor or-
ganic efficiency, respectively. In developing a motor ability test
for high school girls, Kammeyer (20) used girls who had partici-
pated constantly in the extracurricular athletic program and girls
who participated very little in the same program as divergent
criterion groups representing high and low athletic ability, respec-
tively. In each of these studies, the authors found that subjects in
the "good" group scored higher on the test than did the subjects
in the "poor" group, thus providing evidence of test validity.
Composite of Criterion Factors. Sometimes, a test author is not
satisfied with any single test as a criterion, possibly because no
one test contains all the factors he wants in his criterion measure.
In this situation, the experimenter may combine several tests or
test elements to gain a composite of the factors he wants. For
example, Barrow (4), looking for a criterion of motor ability,
combed the literature to find 29 test items representing the factors
of agility, hand-eye and foot-eye co-ordination, power, speed, arm
and shoulder co-ordination, strength, balance, and flexibility. He
used this composite as the criterion against which he validated two
test batteries for predicting general motor ability for college men.

Some investigators have resorted to the technique of factor
analysis to find the factors for their composite criterion. For
example, Larson (26) factor-analyzed 16 test items and found two
factors, namely dynamic strength arid static dynamometrical
strength. He then used the factor of dynamic strength as a criterion
against which he validated the Larson Strength Test.

Descriptive Criterion. Some authors have validated their tests
by using narration to show that the characteristics of the test are
similar to the qualities that the test is supposed to measure. Here,
the criterion is a description or definition of the quality to be
tested, and the investigator validates his test against this descriptive
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criterion by the process of logical explanation. This is a form of
self-validity, sometimes referred to as face validity. Weiss (49:
48), who used descriptive criteria to develop tests in 19 skills of
softball, football, and soccer, put it this way:

"Each testing procedure was devised in such a manner that Its use involved
performance in the skill itself. Since it was this same skills performance that
was being evaluated, the criterion and the testing device became one and the
same, and validity was considered to be Inherent within the device."

Sometimes test constructors use morn 'Ian one criterion when
validating their tests. To illustrate, Kammeyer (20) first validated
a motor ability test against a seven-item athletic achievement com-
posite criterion, and then validated the test against the criterion of
two groups which differed in extent of athletic participation.

The literature reveals that test authors do not favor any one
type of criterion over others. Rather, there is widespread use of
all of the criteria described above, sometimes modified to fit a
particular situation. However, constructors are careful to select
validity criteria that they can defend, for they know that a test
is no better than the criterion against which it is validated.

SELECTING THE TEST ITEMS

Equally as important as the choice of the validity criterion is
the choice of the experimental test items. Although some authors
have developed acceptable tests after selecting test items through
trial and error, the choice of test items by rational and considered
judgment is a much more satisfactory procedure. Test construc-
tors use any or all of the following criteria to guide them in
choosing experimental test items.

Relationship to the Criterion. Because the final test will be
validated against the criterion, it is logical for the test constructor
to select test items that appear to be the best estimate of the criter-
ion. The following experiences illustrate this point.

Miller (30), wanting a test to predict total performance in
badminton, used a round robin tournament as a criterion of bad-
minton playing ability. Looking for the best estimate of this play-
ing ability, Miller found that the clear was used more than any
other stroke during the doubles and singles contests of a national
badminton tournament. By experimenting, with the aid of photog-
raphy, Miller found that the ideal-driven clear could cross the net
as low as 71/2 feet above the floor and still go over an average-
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sized opponent whose racket was outstretched. Using this infor-
mation, she devised a wall volley test in which the subject volleyed
the bird continuously against a wall above a line 71/2 feet high and
scored on the basis of the number of fair hits within a 30-second
time period. A validity coefficient of .83 between this test and the
criterion rewarded this test constructor's logical approach to the
selection of an experimental test item.

As mentioned previously, Barrow (4) used a 29-item battery as
a criterion of general motor ability, wherein the 29 items repre-
sented eight factors (see page 240) essential to motor ability. In
selecting test items to predict this criterion battery, Barrow saw
no reason to go beyond the 29 criterion items. Within these
29 items, he found a six-item combination which correlated .95
with the criterion. Pirther, he found that three items of the
six-item test combined to predict the criterion with a correlation
of .92. This method of building a test from items within the cri-
terion battery has been used by several test authors but does yield
a spuriously high coefficient.
Reliability and Objectivity. In selecting experimental test items,
the test constructor should give preference to items whose reli-
ability and objectivity are known. When an investigator selects
unreliable items, he condemns his efforts at that point, for it is
well known that an unreliable test cannot be valid. The reliabilities
of many items have been published during the past decade, and
the wise experimenter makes use of this information, whenever
he can, in selecting items with which to experiment. More is
presented about reliability and objectivity below in this chapter.
Independent Performance. Each test item should measure one
performer, and his performance should not be affected by another
person, either student or test assistant. For this reason, it is harder
to test certain abilities than others. For example, anyone devising
an objective instrument to measure boxing ability would have to
find some way to eliminate the influence of the opponent. A person
may look good against one opponent, and at once look bad against
a better boxer.
Realism. When constructing sports skills tests, the investigator
should try to use items which are like the game situation. For
example, in measuring a football pass for accuracy, it would be
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better to have the subject pass to a moving rather than a stationary
target since the moving target situation occurs more often.
Scoring. Objective scoring systems usually are more reliable
than subjective scoring. For this reason, the investigator should
select an objective method for scoring a test item, if there are
alternatives. For example, counting the number of baskets made
would be an objective method of scoring basketball shooting ability
whereas rating the player's shooting form would be subjective.
Or, if a choice is to be made between two test items of comparable
quality, the choice might well be the one with the more objective
scoring procedure. In addition, the scoring system as well as the
nature of the test should provide a normal distribution of scores.
Practicality. Other things being equal, the investigator should
select the test items which are most practical to administer. Amount
of equipment needed, time required to administer, space require-
ments, administrative ease, and leadership requirements are some
of the factors that affect the usefulness of the test.
Suitability. The test constructor should know that a test item can
appear to be related to the criterion and yet not be silted to the
test he wants to develop. As an obvious example, chinning is
considered to be a valid measure of muscular strength and endur-
ance, but it could not be used in testing kindergarten boys since it
demands more strength than they possess. Likewise, some excel-
lent items in boys tests would not be suitable for testing girls. The
test constructor should be certain that the test item suits the group
for whom the test is intended.

RELIABILITY AND OBJECTIVITY
Reliability is the consistency with which a test can be adminis-

tered by the same tester. Reliability can be influenced by such
extraneous factors as the time of day, the equipment, momentary
attitude of the subject, conditions in the surrounding area, such
as heat, light, and humidity, and lack of specific directions for
performing the test. When these and any other extraneous factors
are controlled, reliability improves.

Objectivity is the consistency with which a test can be adminis-
tered to the same subject by different testers. Objectivity is influ-
enced by the judgment of the tester. Items that can be scored with
the least need for judgment have the most objectivity. To illustrate,
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we could expect a basketball shooting test item to have better ob-
jectivity than a posture rating test because the tester will find it
easier to count the number of baskets scored than to judge body
alignment.

The usual method of finding test reliability is to administer the
test to the same group twice and then compute the reliability
correlation coefficient. Objectivity can be tested at the same time
by having two testers score the subjects independently during the
first test period. A correlation between the two sets of scores in
that first period will yield an objectivity coefficient. It should be
noted that extraneous factors that affect reliability do not influence
objectivity when two testers score performance at the same time.
The obvious reason is that they both score the subject under pre-
cisely the same conditions and only their own judgment will cause
them to differ in scoring. However, if one tester tests a group and
at another time a second tester tests the same group, the resulting
test-retest correlation coefficient is a combination of reliability and
objectivity. Such a coefficient is hard to interpret, as one cannot
be certain what proportion of inconsistency results from the testers'
judgments and what part is due to other extraneous factors. Never-
theless, this combined coefficient is probably a more realistic
evaluation of test administration consistency than either reliability
or objectivity separately.

When a test item calls for several trials, its reliability may be
found with a single administration. To illustrate, if 10 trials are
given ;n a baseball throw for accuracy, the sum of the odd-num-
bered throws may be correlated with the sum of the even-numbered
throws. This gives a correlation for 5 trials. To estimate the
reliability for 10 trials, the correlation obtained on half the test
is stepped up by the Spearman -1' -own Prophecy formula.

The generally accepted stancliad of test reliability is .85 for
individual use, and .75 when the test results are used to evaluate
group_ achievement. Different levels are set by some test construc-
tors. Certain types of tests, especially measures of accuracy, aro
known to have low reliabilities, and many investigators have set
.70 as the minimum acceptable reliability for these tests.

Although we are inclined to think of reliability as an inherent
test characteristic, the test constructor should remember that he
can help make the test yield its potential reliability by preparing
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a complete set of instructions for administering the test. Guided
by these instructions, the subject is more likely to perform the test
as intended. Under these standardized conditions, if the test item
reliability is still low, the item should be discarded, or the number
of trials increased, or the test otherwise remodeled. Correlations
should be repeated after each successive revision and the process
continued until the test is found to be satisfactory. In revising
the test, the Spearman-Brown Prophecy formula may be used to
estimate the number of trials needed to obtain a desired level of
reliability.

Test authors should test the reliability of each test item, whether
or not the reliability of the item has been previously published.
His research presents a set of conditions which may differ from
other studies, and reliabilities will change accordingly. For exam-
ple, one investigator can obtain a higher reliability coefficient than
another simply by administering the test item to a group with a
wider range of performance in that item. Adkins (1:157-58) dis-
cusses this element of variability in connection with reliability,
as well as many other aspects of the problem of reliability of test
scores.

When a total score is computed as a composite of two or more
test items, the test author should also demonstrate the reliability
of this total score.

VALIDATING THE TEST
A test is valid when it correlates high with the test criterion. In

developing a test, the test constructor should demonstrate the valid-
ity of his instrument. Two validating procedures are usedde-
scriptive and statistical.

Descriptive Validity. An investigator validates a test descriptive.
ly when he shows by logical explanation that the test does what
the descriptive criterion calls for. The technique is logical ex-
planation. The ingredients are a description of the test and a
description or definition of the quality to be tested. The validating
process calls for the investigator to reason convincingly that the
test is indeed a measure of what is defined as the criterion. This
reasoning, presented narratively, is offered as evidence of test
validity. The investigator should document his statements when
he feels they might be challenged.
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To illustrate the process of descriptive validity, let us consider
what an investigator would have to say about the 50-yard dash as
a measure of speed in running. First, he would explain running
speed. Because speed can be interpreted several ways, he would
have to explain the meaning of speed in precise terms. H he is
interested in pure speed without endurance, he would contrast
running speed with endurance and speed unaffected by endurance.
Through this description, the concept of continuous top speed with-
out dropoff owing to fatigue should emerge. Having first presented
this descriptive criterion of running speed, the investigator next
describes the 50-yard dash. If he presents this description in terms
that demonstrate this event to be a measure of the criterion, he can
use this description as evidence of descriptive validity. Certainly,
he would point out that in the 50-yard dash the runner accelerates
to top speed as quickly rs possible and that he tries to maintain
this speed the full distance, At this point, if he could stive that it
is possible for the average person to maintain top speed for 50
yards, he would strengthen the validity of the event as a measure
of speed unaffected by endurance. If he could cite evidence in the
literature that 50 yards can be run at top speed without dropoff,
so much the better.

As mentioned previously, descriptive validity is a form of self-
validity and is often called face validity. Fox (14) assumed face
validity for her swimming power test. Moyna (34) used face
validity to validate a group of test items to measure motor per-
formance. Although investigators continue to validate tests de-
scriptively, some consider this technique to be subjective and
inconclusive. They feel that conclusive evidence of tess validity
must be demonstrated by statistical validation.
Statistical Validity. When an investigator uses any of several
statistical formulas to correlate a proposed test against the test
criterion, he validates the test statistically. Statistical validity
procedures can range from simple to complex, depending upon
the size of the test and the degree of the investigator's thoroughness.

Perhaps the simplest validation is a correlation between a single-
item test and the test criterion. This requires no more than a
simple product-moment correlation if numerical data for the test
and the test criterion are both measured on a continuous scale.
Other correlation techniques can be used when either or both vari-
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ables are not continuous. (See Chapter 7 for descriptions of vari
ous statistical procedures mentioned in this chapter.) Miller (30)
found that her badminton wall volley test had a validity coefficient
of .83 when correlated against the criterion of a round robin
tournament. Mohr and Haverstick (32) obtained a validity co
efficient of .79 when tney correlated a wall volleying test of volley.
ball ability against the criterion of judges' ratings.

When the investigator constructs a test of two or more test items,
he can validate the test by using the multiple correlation and re-
gression equation techniques. The multiple correlation indicates
the degree. of accuracy with which the battery of test items can be
used to predict the criterion measure. The regression equation
shows how much each item contributes to the prediction. The test
is validated in four steps.
Correlations with Criterion. First, the investigator computes a
correlation between each test item and the criterion. Those items
which correlate high with the criterion are the best prospects for
the new test. However, the test author does not need to make a
choice of test items, as yet.
Intereorrelations. Next, the investigator correlates each test item
vith every other test item in the experimental battery. Called

intercorrelations, these coefficients are computed in the same man-
ner as in the first step. These intercorrelations are the basic in-
gredients of the next (third) step along with the correlations in the
preceding step. The effect of the intercorrelation is to eliminate
duplication Jf measures. If two items each correlate high with a
criterion and also interrelate high with each other, one can be dis-
carded as unnecessary. The high intercorrelation means that the
two items combined will be no better as a test than a single-item
test, using either item. In fact, the two-item test would have less
value since it would take more time to administer.
Multiple Correlations. In the third step the investigator computes
the multiple correlations to express the degree of relationship
between the criterion measure and two or more test items. Here,
the 'Wherry-Doolittle method of computing multiple correlations is
a time-saver, since it allows the computation of multiple correla-
tions directly from the correlations and intercorrelations previ-
ously described. This is a great improvement over earlier tech-
niques which required a person to compute partial correlations and
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partial standard deviations. As the number of test items increases,
the mechanics of computation by the older methods become pro-
hibitive.

The Wherry-Doolittle Inethod has other advantages. With it, the
investigator can select the test items analytically and compute the
effect upon the multiple correlation of adding them one at a time.
When the multiple correlation does not increase, the optimum
number of items is reached.

Sometimes the investigator must consider other factors than
validity in making the final choice of the test battery. He may want
to substitute an item of lesser validity (not too much less) in order
to gain a test which is less time-consuming or which requires less
equipment. Whatever the choice of test items, the investigator will
demonstrate test validity by the size of the multiple correlation.
Regression Equation. In the final step, the investigator computes
the regression equation using the Wherry-Doolittle of the multiple
correlation. The regression equation indicates the relative impor-
tance of each item in the test battery. If the items are all of approxi-
mately equal weight (importance), the test author can disregard
weighting in setting up the scoring system. In this case, the total
test score can be computed by converting test item scores to stand-
ard scores and then summing. However, if the weightings in the
regression equation are unequal, it is best to use the regression
equation to compute total performance score. If the equation is
not used when the test items have unequal weight, the total test
scores will be less valid than is indicated by the multiple correla-
tion coefficient.

Both Barrow (4) and Everett (11) used the above four steps
to validate their tests of motor ability and baseball ability, respec-
tively.

There is not room here to describe all the modifications of statis-
tical validation which test authors have used. However, they are
all based on the same idea of computing some type of correlation
between the test item or items and the criterion measure.

Once the final form of the test is selected and validated, the test
author may want to construct norms for use with the test. The
subject of norms was discussed earlier in this chapter.

To be useful, the newly developed test should be published with
complete information of two kinds. First, the author should de-
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scribe in detail the procedures he followed in developing the test,
and should present evidence of test reliability, objectivity, and
validity. Secondly, the author should give complete instructions
for administering the test. This information may include purpose
of the test, for whom intended (sex and age level), test items and
equipment, leadership requirements, time requirements and num-
bers that can be tested, space requirements, organization of sub-
jects, instructions to the subjects and to the leaders, scoring instruc-
tions and sample score forms, and norms, if any.

SUMMARY
Although this chapter presents certain fundamental steps which

are essential in test construction, there are several acceptable ways
to accomplish each of these steps. The nature of the test and the
judgment of the investigator will help to determine the choice of
techniques. For more detailed information about certain aspects
of test construction, statistics, and test use, the reader should
consult other references, including those in the bibliography at the
end of this chapter, Other chapters in this book should be helpful
also.
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CHAPTER

Descriptive Methods

ELWOOD CRAM DAVIS
LAWRINCt RARICK

THE MAIN PURPOSE OF A RESEARCH STUDY MAY BE TO ENUMERATE

or depict the characteristics, abilities, behavior, or opinions of
subjects; to delineate through words or quantitative values the
status of a group, institution, strneture, or other facilities; or to
portray the trends or changing values of the characteristics of
human beings or objects. Research studies may be limited or
broad, intensive or highly specific, brief or continuous and lengthy.
Whatever the defined purpose of the study, the end result should
be a verbal and statistical picture which has objective, clear de.
tails, is valid or true to fact, and shows proper perspective or
interrelationships,

The methods described in this chapter are used for various kinds
of research. The purpose of each method is explained.

The Survey

tLWOOD CRAIG DAVIS

The survey may be considered a research medium H it meets
certain criteria. For example, it may we valid sources and perti

Hi
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nent, valid, reliable, and accurate methods, techniques, and tools
and thus yield acceptable data for the interpretative and generalir
ing processes. In many surveys it is possible to seek, find, and
report all pertinent facts.

Nevertheless, the survey as a research medium is particularly
susceptible to incomplete reporting of the pertinent facts. The
ger era! purposes of the survey are to reveal current conditions,
to point up the acceptability of the status quo, and to show the
need for changes. If the survey involves the help of several per.
sons in addition to the surveyor and if they are not interested in
conducting careful research or in carrying out the purposes of the
korvey, the pertinent facts remain either undiscovered or un
reported. Furthermore, some surveys are financially supported
by persons who, when they see the findings, resolutely object to a
certain finding and demand that no report be made of it. Thus,
regardless of the original intent of the surveyor and regardless of
the quality of his preparation, circumstances beyond his control
may prevent his survey from meeting some research criteria.

These nafortunate possibilities do not eliminate the survey as
a method worthy of consideration in conducting some research.
Nor do these possibilities mean that the survey may not help to
bring about improvements in educational, civic, and other situa
lions.

It becomes apparent from the foregoing that a survey purports
to an orderly collection, analysis, interpretation, and report of
pertinent facts and information concerning an enterprise or situa
Lion or some aspect thereof, insofar as conditions and circum
stances permit.

STEPS IN THE SURVEY
The ten titled paragraphs below outline the steps to follow in

using the survey as a research medium.
Studying Situation and Problem. Each situation to which the
survey is applied is unique. One phase of this uniqueness is the
problem cr problems creating the need for the survey. Other
unique aspects of a situation may reflect local conditions and eir
cumsiances. Still others may be the limitations that modify or
circumscribe the methods or tools to be employed. Finances and
time are two exarnpl.
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Consequently, before determining the exact purposes of a given
survey, the surveyor should consider the specifics underlying and
connected with the local situation. In addition to those indicated
above, there may be such factors as availability and reliability of
pertinent records, nature and source of human assistance, climate
and topography, nature of the issues underlying the problem(s),
possible legal provision!, and the nature of the sources of informs,
tion.

Formulating Purposes. Formulating the purposes of a given sur-
vey serves to indicate the foci of attention and effort. This step
also indicates sources of information, methods and tools or devices
for obtaining information, emphases to be made in the survey
report, bases of interpretation, and the nature of the recommenda-
tions. As elsewhere, goals or purposes not only are of primary
consideration, but they also form a powerful force in determining
the nature of other and related steps in research. The surveyor
also should be aware that purposes arise from basic beliefs about
values, relationships, meanings, and other philosophic matters.
The formulation of the exact purposes of a given survey should
begin long before the survey begins. The basic beliefs of many
persons may be involved in this task. The resolving of conflicting
basic beliefs is seldom accomplished hastily.

Considering Type, Scope, and Nature. Once the situation and
its attendant problem or problems have been studied and the pur-
poses of the survey formulated, the surveyor is ready to plan his
next slips. Outlining of the plan should follow the general struc-
ture of any wellplanned research. Some surveyors go a step fur-
ther and prepare a topical outline. This is a preliminary and
tentative plan of the topics and subtopics and their sequence as
they may appear in the final survey report.

During this planning stage, the surveyor carefully notes and
labels the exact nature, scope, and type of the survey. All limiting,
supporting, and modifying forces and factors are again considered
and related to the specific purposes of the survey.

Keeping in mind that the survey may be an appropriate way
of attempting to solve certain local problems in any one of the
three related fields of health, physical education, and recreation
and their subdivisions, there are other aspects of the scope, nature,
and type of surrey which must be considered in building a plan
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of work. For example, a surveyor may need to find out about local
ordinances, charters, rulings, codes, laws, policies, procedures,
and similar provisions which may relate to legal, quasilegal, and
regulative duties, obligations, rights, and limitations of authority
applied to organizations and persons with whom he dealR.

Further, he may find it necessary and desirable to obtain in-
formation about the nature of the local community. The following
items could be considered: population trends, mobility, size, and
concentrations; types of occupations represented in the community;
sociological and economic strata and groupings; social conditions
with reference to such basic considerations as health and delin-
quency; vital statistics; religious groupings; adequacy of medical
care and hospitalization; the public relations of the situation being
surveyed; sources of food and water; and similar concerns.

There is still another area determining the nature, scope, and
type of survey which the surveyor should investigate during the
planning stage. This third area may involve the following items
of information: relationships of the situation being surveyed to
pertinent councils, commissions, boards, committees, associations,
and other organizations whose authority or position affects, or is
related to, the operation and structure of the situation, as well as
to some aspect of the survey.

A fourth area of preliminary consideration is finance. Examples
of this item are: satisfactory financial evidence that the survey
can be completed, including the production and possible publics-
lion of the survey report; assets and liabilities of the situation in
regard to ability to pay for probable recommended changes; bases
of taxation; financial history of the enterprise; any financial com
mitments and probable expenditures competing with demands for
money to pay for the carrying out of the sutvey's recommenda-
tions; restrictions as to bond issues; and the entire budget of the
situation.

A fifth area of preliminary study is that of personnel. This item
refers to each person who is to assist in any way in corklucting the
survey. It also refers to each person who is to serve directly or
indirectly as a source of information. Consideration is given not
only to the number of these persons but to their adeptness in the
functions they are to perform and to their reliability, availability,
and capacity to serve in the ways planned.
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A sixth area to be studied consists of supplies, facilities, and
equipment. How many different locations (building, fields, plants,
centers, etc.) are to be surveyed? What are the traveling time and
the distance between them? Are records, minutes, and other perti-
nent written and printed matter, such as results of tests, examina-
tions, and programs, readily available? Are all supplies, equip-
ment, and facilities to be used by the survey staff adequate, avail-
able, and ready? Is there any reliable evidence from other studies
that may supplement the observation of the surveyor and his cval-
uation of facilities, equipment, and supplies?
Securing Co- operation. The survey at its best, like any research
medium, demands the co-operation of a number of persons. If the
findings are to be reliable from a research viewpoint and if they
are to have the support of those for whom the survey is conducted,
the co-operation of the survey staff with the local personnel is
essential. Considerable preliminary work with local persons is
necessary in securing their full co- operation. In this advance
briefing, the surveyor must present to local authorities the general
kinds, amounts, and nature of the data and information, together
with the methods of collecting, that will be used in the survey.
Such a step also helps to foster co-operation bel,veen local authori-
ties and their staffs, without which the survey is apt to prove in-
effective.

Such considerations as these suggest that the survey should be
conducted both by outside specialists and by local specialists who
have the respect and confidence of their peers and their superiors.
If the survey is to accomplish its over-all purpose of improvement
or of justification of status quo, then must be belief in what is
done and what is found, so that follow-through is desired, effected,
and carried on by the local personnel.

Selecting Participating Personnel. The trend is for general sm.
vey staffs to include specialists in the three related fields, when
expertness in one or all of these fields adds althenticity,
and validity to the survey findings and reconmendations. These
specialists also should be adept in one or several of the techniques
employed in their parts of the over-all survey, such as the inter.
view, testing, and questionnaire. If a choice must be made between
a specialist in a given field and a person expert in some survey
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technique, experience has shown that it is far better to choose the
specialist in a professional field and instruct him in the use of
survey techniques rather than to attempt to school the exrc.rt in
survey techniques in the significant content and methods of a pro.
fessional field.

As indicated above, local members of the survey team should
be selected who not only are cooperative but who are also well
prepared professionally and respected by their local colleagues.
The precise functions to be performed by these local specialists
should be established as early as feasible, so that instruction in
appropriate survey techniques may be given. The vast increase
of persons in the three related fields who have earned, or who are
studying for, advanced degrees indicates an increase in the num
her of those prepared to use at least one of the survey methods
or techniques.

Finding Sources of Data. Unlike some research media, the survey
often uses a wide variety of major sources of information. These
major sources of data are documentary (records, reports, films,
any printed materials); functioning of processes (teaching, admin
istration, supervision, coaching); human (pupils, teachers, prin.
cipals): facilities, equipment, and supplies; and natural elements
(topography, climate, soil, water). (8)

Obviously, the information from some of these sources is "at
hand" before the survey begins. The surveyor should make sure
of the accuracy, authenticity, and suitability of all these sources.
During the survey, other information is collected from sources by
members of the staff, under the supervision of the surveyor.
Collecting Data. Here again the survey is characterized by a
variety of techniques. Multiplicity of types of sources usually
means variety in techniques. Here .1! some commonly used
methods of gathering survey information: observation, study of
documentary data, interview, score card, tests, inspection, exami
nations, job analysis, case study, tape-recordings, photography and
movies, and the questionnaire Some of these methods may
appear to the novice to be sources of data, for example, the ques
tionnaire and tape-recordings. Such ways of obtaining data serve
as sources after the data are gathered, but these particular dPta
come from human sources.
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No matter how carefully a collecting process may be constructed
and used, the data gathered may be suspect if the source is suspect.
Similarly, no matter how acceptable the source, if the emerging
data are obtained inaccurately, their use is contraindicated.

As in so many aspects of the survey, sources and collecting
methods must be geared to specific purposes of the survey, local
conditions and circumstances, time and money available, the
adeptness of staff members in using survey techniques, and similar
conditioning and limiting factors.
Interpreting Data. A key step in the survey, as in all efforts to
find dependable information, is the interpretation of the findings.
Some research experts refer to this step as the "acid" test of the
quality of the research effort. Certainly, care in selecting and
using acceptable sources and methods of collecting data is funda
mental but it also is preliminary to seeing and pointing out the
meaning, significance, and pertinency of the data.

Examples of aids to interpretation (in addition to having de.
pendable, adequate data) are such processes as (a) classification
of the data into meaningful categories and (b) statistical treat.
merit of the data. It also helps to know the mental operations in
volved in interpretation, such as (c) establishing hypotheses, (d)
drawing in (e) making judgments, (f) predicting, (g)
reasoning constructively, (h) making assumptions, (1) drawing
analogies, and (j) being intellectually discriminating. In short,
one uses these mental operations in attempting to accurately an
surer the question, "What do these data mean?" Still further
understanding of the interpretative process comes from consider.
ing what the surveyor does with the data in order to get at its
meaning. Ile (k) ferrets out, searches for, and tries to sense, to
see, and then to show relationships among the data. Ile (I) syn.
thesi:es or groups the data into the largest assimilable whole.
He (m) may compare one finding with another or with the whole
or with some "outside" fact, standard, or criterion. Ile (n) may
analyze one datum or several data, or the data as a whole. Anal.
ysis here refers to the breakingdown, the resolving, the determin
ing of the demerits (the constituent smaller parts) of some given
finding. Ile (o) also mr.y simply make a reference to some phe
nomenon, some factor, some occurrence as a way of helping to
show what the data mean.



DESCRIPTIVE METHODS 1S1

Nineteen devices were found to be operative in using ways (a)
to (e) of interpreting data mentioned above. These devices (8)
are listed here in order of their preference, as determined by four
juries of raters, which included experts in research: acceptable
scientific standards, expert agreement, accepted standards, tests,
external comparison (e.g., findings in another situation), accepted
studies, graphical techniques( charts, tables), expert opinion, sta-
tistical data, descriptive factual materials (such as another survey
report), internal comparison, common sense judgment, group
opinion, photographs, prevailing practice, existing conditions, sur
veyor's opinion, hypothetical criteria, and someone's opinion.

One of the most easily overlooked, yet one of the most impor-
tant, aspects of interpretation is the viewing of the data against the
backdrop of large ideas and large concernsa frame of reference
that transcends the concerns of the three related fields. Such back-
drops are needed to see and point up meanings of the data in order
to maintain perspective.

Another phase of the interpretative process frequently over
looked is the desirability of consistency in holding to the !unclip
mental viewpoint assumed by the surveyor. In a survey, this
"home-base" is usually a consideration of social implications,
values, and involvements as distinguished from the personal or
individualistic view. The welltrained surveyor should write his
interpretation from one over-all, all-pervading viewpoint, even
though within this panorama some recognition of more immediate,
narrower viewpoints may be indicated.

Still another factor that the novice surveyor may be unaware of
is the taking of positions or drawing of inferences which are not
supported by the data. A person may unconsciously allow his
personal wishes and basic beliefs to influence the interpretative
process. Interpretation, a subjective process at best, is errorprone
when the surveyor is not alert constantly to such possibilities.

Another warning to the novice surveyor seems advisable. There
is a human tendency to give unduo importance to numbersto
unthinkingly assume that some superiority is automatically at-
tached to the larger of two numbers and to ignore the smaller
number. As important and desirable as it may be to have data in
numerical form when possible, and to treat them with suitable
statistical operations, these operations solve no situational prob.
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lems. The more thoroughly familiar a professionally prepared
person is with statistics, with the assumptions and hypotheses upon
which they are based, and with the practical application and
follow-through of statistics, the more cautiously he deals with
numbers. This warning does not mean that suitable statistical
treatment of survey data is to be used less often. Actually, it is a
warning that the surveyor should be, or become, thoroughly adept
in statistics, its uses, and its basic assumptions to ensure better use
of this aid to interpretation.

When the survey is regarded as research, conclusions should be
drawn and labeled as such. Conclusions go beyond a statement of
the major findings given in concentrated, general terms; they are
generalizations based on the major findings. Conclusions include
the implications of such findings and aid the reader in seeing how
and where the major findings fit into the larger picture.

Recommendations based on conclusions as well as on major
findings have the advantage of reflecting the long broad view and
the deeper meaning that comes with seeing the chief findings as a
part of considerably larger concerns.
Preparing the Survey Report. Recalling that the chief purpose
of the survey is to justify status quo or to show the need of im-
provement (or both), the survey report assumes a position f

importance. It serves the general purpose of the usual research
report. It also serves as a public relations device or medium, if
one of the secondary purposes of the survey is to influence at least
some of the readers. Thus, each of the publics which is legiti-
mately interested in the survey should be kept in mind whet, the
report is prepared. This suggests, in turn, that each section of the
report in its form, emphasis, and sty!e might differ from the
other sections.

Twelve surveyreporting techniques have been evaluated by four
juries (8). Eleven of them received at least an 8.2 median rating
from each jury, a rating of 10.0 being "high" (both desirable and
practical). These highly rated 11 techniques follow: each phase
of health and physical education covered in the surrey s'irould be
written separately, with its own summary; a general summary of
the entire SUM ey should be made; explanation of unfamiliar terms
should be included; sources and methods of collecting dea should
be stated; stsarard form in presenting tables, notes, and the like
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should be used; the status and needed improvement of the situa-
tion should be discussed; clarity, unity, and logic should be used
in the organization of the report; the relationship and co-ordina-
tion between the survey data and their explanation should be estab-
lished; the hum and style should be made simple, direct, easy-to-
read, and attractive; only one survey report should be made; data
presented in graphic form should be explained; and charts, dia-
grams, and the like should be used to aid in ready understanding
of findings.

In addition to these techniques, the writer of the report should
keep in inind that the report bears the obligation of motivating and
maintaining action by those who are to carry through the recom-
mendations. Further, the amount of detail presented in the report
depends chiefly on the exact purposes of the survey.

Such practical matters as size and shape of the report, type of
paper, and cover are related to decisions made early in the plan-
ning stages, as are number of copies, distributioan and method of
reproduction. Such decisions again are geared to the specific pur-
poses of the survey and to available funds. Contracts for repro-
ducing the report should be made with consideration for current
depends chiefly on the exact purposes of the survey.

If the health, physical education, and recreation phases of a
survey are only part of a larger survey, as they often are, such
matters as have just been mentioned are seldom brought to the
attention of the surveyor of the specialized fields. In any event,
any member of the survey team should avoid becoming "an un-
named source" for press stories about the survey or any detail of
it before the report is released or approval given by all proper
authorities. The suggestion is implicit here that those responsible
for the survey should fully and carefully plan press releases, pub-
lic meetings if appropriate, and other suitable techniques of public
relations in order that proper advantage be taken of the survey,
the report of it, and its meaning. The carrying out of survey rec-
ommendations costs large sums of money. Those who pay these
costs should be adequately informed, with timing as a special item
of consideration.
Estimating Effectiveness. Evaluation of a survey's effectiveness
is related to its purposes, although this relationship is not always
recognized. Thus, some laymen and even some professionally
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prepared personnel are unaware of the incongruity of attempting
to estimate the effectiveness of a survey on the basis of other
criteria. This is to say, then, that an early point made in this
chapterthat purposes should be carefully formulated without
the pressure of results-in-a-hurryconstitutes one of the most vital
tasks of the surveyor. Its importance accounts for the continual
emphasis in these pages on the keystone position that purposes
have.

So well understood should be a survey's purposes, and so well
supported by those interested in the survey, that any post-survey
appraisal of the survey's effectiveness on any other basis would
not and could not occur. It becomes implicit, then, that the repre-
sentatives of many groups participate in the determination of these
purposes.

Because each survey is unique and its purposes peculiar to it-
self, no formula for estimating its effectiveness can be furnished
beforehand. Smile secondary purposes of a survey may demand
that testing and measuring of some operation be effected before
that phase of the survey's effectiveness can be estimated. Some
other purposes may demand the use of less precise tools and opera-
tions. Further, the need to select appropriate tools and methods
of appraisal cannot be ignored, but it cannot be accurately pre-
dicted what these will be.

Neither the public nor the local personnel should 1::o led to ex-
pect a solution of all problems. The possibility of such an out-
come is sometimes unintentionally held out to the group in the
effort to gain their co-operation and support.

The evaluation of the survey's effectivenoss is in terms of its
immediate outcomes and its long-range effects, but it must never
be forgotten that these are anticipated in the survey's purposes.
Again, it is clear that full and careful consideration should be
given at the outset to the formulation of these purposes; and that
the surveyor should avoid a possibly more attractive, more expan-
sive, more spectacular set of purposes which cannot be met, with
the resultant low rating of effectiveness.

Finally, the survey's effectiveness rests ultimately in the hands
of local personr^1. Therein lie the survey's strength and weakness,
as far as the disposition of the findings and recommendations are
concerned. Whether status quo is found to be justified or whether
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it is found that changes are needed, the responsibility for that dis.
position belongs to local persons. Herein, indirectly, is indicated
one reason for the first point made in this chapter-namely, that
the survey is subject to forces that may render it an unaccephible
medium of research.
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The Case Study

LAWRENCE RARICK

The case study is used to provide detailed information about an
individual, institution, or situation. It is concerned primarily with
determining the unique characteristics of the exceptional, rather
than the attributes which are typical of many. The case approach
has perhaps enjoyed :nost widespread use in medicine, law, and
clinical psychology, for in each of these fields the practitioner
deals with problems of a highly individualized nature. In the
schools, the case method has been effectively used in the individual
study and guidance of children with reading difficulties, speech
problems, or psychological-emotional disturbances. However, few
research studies using the case method have been reported in
physical education literature, although it is a technique which
coaches routinely employ in the critical analysis of the perform-
ance of their athletic teams.

Although the case study is most frequently used in the solution
of individual problems, an accumulation of data from several
similar cases frequently furnishes important data for comparative
studies and for examining factors .ntimately associated with spe-
cific problems. For example, many advances in the field of medi-
cine have come from careful study of case records of practicing
physicians.

The case method has also been used effectively to study in detail
the highly successful or unsuccessful person, as a means of identi-
fying the traits which characterize him. While the presence or
absence of the observed traits does not necessarily establish a
causal relationship, identification of these characteristics does
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give the research worker something definite upon which to build.
In the behavioral sciences where identification and isolation of
basic factors in behavior problems is extremely difficult, the case
method has been used effectively. In fact, in many fields of human
inquiry where precise methods are not available for establishing
cause and effect relationships, the case approach has provided
sufficient evidence for establishing well-defined hypotheses con-
cerning the interaction of associated variables. The case method,
therefore, is an effective approach in resolving a particular diffi-
culty, and frequently provides valuable data for formulating tenta-
tive generalizations concerning individuals or groups which are
highly similar in some important respects.

The problem of delinquency is particularly well suited to the
case approach, and as a result many cae reports on delinquents
are available. One of the early classical studies in delinquency
is the report by Healy and Bronner (3) of a single case referred
to the Judge Baker Foundation in Boston. The report includes a
complete record of the personal, social, and environmental back-
ground of the child. A broader approach to the study of delin-
quency is illustrated by Harvey (2), who examined records of a
large number of socially maladjusted American and Mexican boys
in an attempt to gain insight into the physical, psychological, and
social factors associated with delinquent youth. In a study more
closely oriented to physical education, Sheldon (7) utilized the
case approach in studying the physique of delinquent youth. On
the basis of data on some 200 cases, Sheldon supports the belief
that delinquency has definite biological roots.

Case studies in which the individuals were ;elected because of
their unusual capacities or talents frequently furnish valuable in-
formation on the factors associated with these abilities. For
example, Cureton (1) has provided a considerable body of in-
dividual data on 58 male athletes of national championship and
Olympic caliber. This study gives information on the physical
attributes, performance abilities, and organic efficiency of these
men and provides some insight into the role these variables play
in top-quality performance. Rarick and McKee (6) have pre-
sented case data on 20 children, 10 of whom were high achievers
and 10 of whom were low achievers on a battery of motor tests.
The findings provide information on the kinds of early experiences
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most closely associated with these children in the widely divergent
groups.

The case approach is also an effective method for studying com-
munities, schools, organizations, and the various institutions of
our society. An excellent illustration of a comprehensive study of
community life and the impact of social institutions upon the lives
of adolescents is the work of Hollingshead (4). This study, pro-
viding data on some 735 adolescents growing up in a Midwestern
community, points out the important role which family status in
the social structure of the community plays in determining the
social behavior of the adolescent in relation to the school, the
church, recreation, his peers, and his family.

BASIC METHODOLOGY
The steps outlined below are usually followed in the conduct

of a case study.

Determining Value. The investigator makes certain that the per-
son, institution, or situation is sufficiently unique to warrant de-
tailed investigation. If an investigation of this type is to be of real
value, it should be directed toward the solution of a roal difficulty
or provide some insight into the organization of factors associated
with some unusual phenomenon.

Obtaining Relevant Data. The investigator first obtains all data
believed to be relevant to the problem. Where the problem per-
tains to a person or persons, the following sources of infcrmation
r ay be used.
Health Examination. A complete medical examination may be
necessary. However, the nature of the problem under investiga-
tion determines the type of health data which is needed. Fre-
quently, special tests of vision, hearing, or nutritional status may
provide valuable information on the problem.
Standardized Tests. Tests upon which norms have been developed
are valuable in making estimates of the "normality" of the case
under observation.

Personal Interviews. The interview provides a valuable source of
personal data and is included as a basic research method in many
case studies.
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Ouservations of Behavior. Data of this kind may include recorded
observations of play behavior, social behavior, or subjective judg-
ment of physical performance.
Special Purpose Devices. It is often necessary to develop tests
designed to measure particular traits or abilities. To investigato
certain kinds of behavior, it may be desirable to record perma-
nently certain aspects of the behavioral phenomenon. For example,
Hubbard (5) used mechanical and electrical recording instru-
ments in studying the difference between trained and untrained
runners. Zimmerman (9) employed cinematographical analysis
in studying the characteristics of skilled and unskilled perform.
ance in the standing broad jump.
Historical Data. Often information covering an earlier period of
time is needed in order to interpret present status. This informa-
tion may be obtained from permanent record files, documents
(local or governmental), periodical sources, or personal inter-
views. Cumulative school records are a reasonably sound source
of data for case studies. Care must be taken that all sources of an
historical nature have been checked for accuracy. (See Chapter
14 on Historical Method.)

The investigator must also be sure that all data-collecting de-
vices have been validated and checked for reliability. Finally, a
critical review needs to be made of all data, both present and past,
to ensure authenticity and accuracy of all relevant information.
Analyzing the Data. An understanding of the interaction of the
variables at work in the situation under investigation can come
about only after the data have been logically classified and sub-
jected to appropriate methods of analysis. The logical organiza-
tion and grouping of like data ordinarily present no problem.
However, the limited number of cases and the nonrandomized
character of the sample place restrictions on the statistical meth-
ods appropriate for these kinds of data. This does not reduce the
effectiveness of the analysis, since the vast array of data on each
case provides the opportunity to search for patterns of factors or
events related to the phenomenon under investigation. In fact, the
limited number of cases typical of the case study is well suited to
a pattern analysis. This approach is particularly fruitful in gain-
ing insight into the relative effect which different variables have on
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the present status of the case. Furthermore, intelligent use of data
collected on the case at an earlier time may provide valuable clues
in interpreting the findings. For example, Wetzel (8), in his dis-
cussion of growth failure in children, illustrates through case
studies the need for interpreting present status in the light of the
past. The analysis of case data utilizes all relevant information,
past and present, which may help to explain the circumstances as
they exist at the moment.
Making Recommendations. Frequently, case studies are con-
ducted to throw light on a concrete problem or difficulty with the
view to making recommendations for change or treatment. In
such instances, the experiences gained in the successful treatment
of identical or highly similar cases are useful in making recom-
mendations for the future course of action. Care should be taken
that an accurate record is kept of till procedures used in the treat-
ment program.

On the other hand, the case approach may not involve treatment
but may be used as a means of identifying the characteristics of
persons who have demonstrated unusual ability in some line of
endeavor. Obviously, in these instances, the concern is directed
toward learning more about the clustering of traits under these
conditions and to the possible interaction of variables which may
have produced the desirable condition.
Appraising Effectiveness. The final step in the case study is the
appraisal of the effectiveness of the recommended change. This
mgy be accomplished by testing procedures, observational tech
niques, or special purpose devices of one kind or another. Ordi-
narily, the effectiveness of the instituted change cannot be ade-
quately evaluated immediately after the program has been dis-
continued but must be appraised in terms of its more lasting effects.

VALUES AND LIMITATIONS
Caution must always he ex- 7cised in making generalizations

about a single case. Statistically, an N of 1 provides little or no
ground for scientific prediction, even though the case has been
exhaustively studied. However, with many replications, the case
approach becomes a powerful device for providing important in-
formation about personal and social phenomena which may be
used to advance human knowledge in terms of basic understand.
ings as well as of future courses of action.
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The Genetic Method
LAWRENCR RARICK

Status studies provide information on conditions as they exist
at the moment. This is a satisfactory means of furnishing data for
descriptive and comparative purposes and for examining inter-
relationships among variables as they are operating at that time.
However, in many instances, the individuals or institutions under
investigation are in the process of developmental change. This
places restrictions on such inferences which can be drawn from a
status study, particularly if the inferences pertain to the operation
and interaction of variables over time. Under these conditions,
the most suitable approach is the genetic method, in which obser-
vations on the variables in question are repeated at specific: inter-
vals over as long a time span as possible.

In the biological sciences, the genetic approach has been effec-
tively used in studying the growth of plants and animals and, in
conjunction with the experimental method, it has been an effective
means of identifying and isolating specific growth factors. The
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genetic approach has also been employed in studying the physical
growth and mental development of children, providing valuable
information on the individual nature ,9nd variability of human
development.

UNIQUE CONTRIBUTIONS
Until recently, most of the information on the growth and de-

velopment of children was based on cross-sectional data accumu-
lated on large numbers of individuals. Means and standard devia-
tions for each growth variable by age and sex were thus available
for plotting general growth trends. However, it soon became ap-
parent that growth pattern£ of individual children were often svla-
stantially different from the growth curves plotted from normative
data. Recognition of the marked individual differences in rates
of growth and in the timing of developmental changes raised
serious questions concerning the value and use of growth curves
obtained from cross-sectional data. Therefore, research workers
believe that it is more profitable to study intensively the growth
and development of the same group of children over 4 period of
several years.

lenetic method offers many advantages in studying develop.
mental phenomena, particularly the growth and development of
children. The plotting of individual growth curves provides a
means of comparing rates of development of different growth vari-
ables for a particular individual, and also permits inter-individual
comparisons. Furthermore, means and standard deviations can
be computed at any point in time on all growth variables, as in
the case of the normative survey. Determinations can also be
,iade of growth increments for the individual and for groups.
And finally, the interrelationships among specific growth factors
which are operating over a time span can be determined, since
all data are from the same children. Thus, the genetic method pro-
vides a much sounder basis for drawing inferences concerning the
nature of development than do data collected on different children
at different stages of development.

Perhaps the work of Terman (12, 3) in his Genetic Studies of
Genius represents the most comprehensive genetic study of chil-
dren yet published. In this study periodic observations were made
on the growth of gifted children to P.scertain those aspects of de.
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velopment which tended to differentiate gifted from normal chit.
dreo. Well over 1,000 children were included in the study, al.
though the major portion of the report dealt with some 661 cases
upon which more extensive data were collected. The information
obtained on each child was extensive, including data on intelli
gence, health, education, racial background, recreational habits
and interests, and hereditary and socio-economic background. The
study was carried through a period of more than ten years, and a
later follow.up investigation (13) provided valuable information
on the status of the subjects in their social, business, and profes
sional life a adult citizens.

The Harvard Growth Study (4) is an example of a longitudinal
study "f children, in wit: b the growth of same 3,500 normal chil
dren was followed for as long as they remained in the elementary
and secondary schools. This study was primarily directed to
answering certain questions concerning the interrelationships
among measures of physical growth, mental development, and
maturational status as these children advanced toward maturity.
The study clearly pointed out the individuality of growth careers
and emphasized the need for caution in attempting to predict in-
dividual development from normative data.

In physical education and closely allied fields, only a limited
number of genetic studies have been conducted. As a part of the
California Adolescent Growth Study, Espenschade (5) and Jones
CO have provided valuable data on motor performance and
strength development of a. group of adolescent boys and girls.
Espenschade included data on the developmental changes in motor
performance of 80 girls and 85 boys as determined by six per.
formance tests given at 6 months' intervals over a period of 31/2
and 4 years respectively. Jones, using four measures of static
dynamometri, strength, observed patterns of strength development
of 139 boys and girls over a 61year period. The work of Gesell
(6) and Shirley (10) on the early motor behavior of infants dem.
onsirated the value of the genetic method in 6terving sequential
behavior patterns during early development. It should he noted
that in the above studies care was taken that the measuring devices
utilized were suitable for recording accurately the phenomena
under observetion at each point in the developmental sequence.
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Only in this way was there assurance that valid interpretations of
developmental change could be made.

One of the unique contributions of the genetic method lies in its
potential for accurately predicting the development of individual
children. For example, when growth curves are plotted for chil-
dren of the same chronological age who differ markedly in their
rates of sexual maturation, the trend for growth ir. body size and
physical strength is distinctly different for the early and late ma-
liners. Therefore, knowledge of the physical maturity status of
the child, as well as information on other related factors, increases
the power of predicting future tievelopmental trends for individual
children. This is borne out by the work of Bayley (1) in which
gromh curves, based on measurements of height and weight, have
been established for a group of some 300 children on whom re-
peated measurements were taken from birth to 18 years of age.
The grouping of data on children similar in physical maturity,
from which growth curves were plotted, provided a much more
accurate prediction of individual growth than could be obtained
by growth curves established from cross-sectional data.

GENERAL METHODOLOGY

In the conduct of a genetic study, the following procedures are
usually carried out.
Initial Planning. The investigator makes certain that the problem
is suitable for employing the genetic method. This means that the
hypotheses under examinatio.i can be most effectively explored
by data recur d on the sane subjects or the same institution at
regular intervals over a long period of time, In physical educa-
lion, genetic studies offer a rich cpportunity to study the role
which such factors as physique, maturity, and strength play in the
acquisition of motor skills as children advance toward maturity.

Careful planning is perhaps more important in genetic studies
than in other kinds of investigations, since several years of con-
tinuous work are usually involved, This means careful planning
not only in regard to the basic design of the study, but also in
establishing the project schedule and in handling and processing
the data. In the planning and conduct of the investigation, agree-
ment should be reached on the exact points in time that the meas.
urements are io be taken. Meredith (8) operates on a rigid time
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schedule of securing data within three daya of each child's birth.
day. There should be assurance that all measures are valid and
reliable and that all testers are trained to ensure objectivity and
accuracy of measurement. Extreme care must also be taken in
standardization of all measurement procedures.

Collection and Recording of Data. The datacollecting devices
for genetic studies are similar to those described in the section
above on the case study. However, great care needs to be taken in
the selection of tests and measuring devices, since the recording
of developmental change requires highly accurate tools of meas.
urement. This is particularly important when the time intervals
between measurements are short and the amount of growth small.

The data collected in a longitudinal investigation assume large
proportions, and hence a systematic method is needed for record.
Ing and filing all data. It is recommended that a folder be kept
on each child and that all test scores be recorded on permanent
blanks and immediately filed in the child's folder. It is particu
larly important in the genetic study that the exact date of every
observation be appropriately recorded.

Periodically, outside checks may be made on the characteristics
of the study group by running controlled observations on other
samples of children. This may tell the investigator something of
the influence which dropouts may have had on the characteristics
of the study group.

Treatment of Longitudinal Data. One of the major difficulties it
genetic studies is the problem of processing and treating serial
records. The plotting of individual growth curves for specific
growth variables is one approach that has been used in individual.
icing the treatment of developmental data. Obviously-, this ap.
proach has its limitations, especially if one attempts to plot on
a single graph data for several subjects recorded in different units.

Several methods are available for transforming raw data ex.
pressed in different units into equivalent values so that the data
can be readily plotted. Olson (9), in his longitudinal study of
children, converted each child's scores on each variable into an age
unit based on norms for each variable. The use of this technique is
open to question since there is little likelihood that the age viri
Ales have the same standard deviations, and hence the computed



174 RESEARCH METHODS

"ages" are not necessarily comparable. Conversion of raw scores
into standard scores provides a more satisfactory means of estab-
lishiug each child's relative position in the group for each growth
variable. This is not only effective for plotting individual and
group curves, but is also useful in developing a profile of traits
for individuals at various points in development. Standard scores
have been used effectively in handling growth data by ,Tones (7),
Bayley (2), and Sontag (11).

A method of treating data which gives insight into the relative
velocity ar, 1 timing of growth is to convert raw scores into per.
centages of terminal status. Jones (7) :sed this approach in ex
amining sex differences in growth of different strength variables
during adolescence. Patterns of growth of different variables for
both individuals and groups are frequently analyzed in terms of
increments based on percentage rate of growth. The problem of
analyzing longitudinal data can in part be resolved by the use of
correlation methods, so that the relationshi? among variables over
points of time can be determined, A& well as interrelationships
among variables at specific points in the growth cycle.
Interpretation of Findings. Although longitudinal data do pro-
vide valuable information on changes occurring in an individual
over well-defined time intervals, the factors causing these changes
may not be easy to identify. Caution must be exercised in drawing
unwarranted conclusions, for the association of variables over
time does not necessarily establish a causal relationship.

In conducting longitudinal studies, care must also be taken that
inferences are drawn only for the age levels fully encompassed
by the study. As Meredith (8) has pointed out, generalizations
have been made on growth which have been based on extrapola
lion backward as well as forward, rather than within the bound.
:tries of the study. Likewise, there is danger that the age limits
set up by the study may result in a segmental approach to the
study of development and in the use of truncated trends in the
analysis of individual or group trends; that is, curves classified
as linear might well have exhibited an acceleration phase, had
the study been conducted over a longer time span. As in other
methods of research, inferences drawn from genetic data should
be confined to the sample studied or to the population from which
the sample was drawn.
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DIFFICULTIES
The extended period of time required to conduct a longitudinal

study tends to discourage many research workers. This is partic-
ularly true of the graduate student who finds the pressures of time
and finances a real problem in graduate study. However, in in
stitutions where longitudinal growth studies are underway, stn.
dents have made valuable contributions through their affiliations
wit., on-going projects in studying the relationships and interac-
tions among growth variables at designated points in the develop-
mental phenomenon.

The maintenance of an intact group of subjects for the duration
of the project is a major problem. By selecting subjects who are
likely to be permanently located, the researcher can reduce this
problem, but he also increases the likelihood of establishing a
biased sample. In spite of the risk of drop-outs, it is usually better
to use an unbiased sample from which inferences can be legiti-
mately drawn. Co-operation of parents, school personnel, and the
children themselves must be enlisted and maintained, if the proj-
ect is to prove successful. Where the same performance tests are
repeated periodically, care needs to be taken that identical con-
ditions and testing procedures prevail. At times, differential lac-
tors of motivation, hour of testing, or season of testing may distort
the data.

NEED IN PHYSICAL EDUCATION
Many important questions in physical education will remain

unanswered until carefully conducted studies have been made on
the same group of individuals over long periods of time. The
longterm effects of exercise upon humans have not yet been ad
quately explored, although there is a tendency to draw inferences
from mortality tables based largely on normative data. Little is
known conterri;;.g the age and maturity levels at which skills can
be most economically learned. Answers to these important ques-
tions will depend upon combined experimentalgenetic studies.
Although the genetic approach presents many difficulties and
problems, it perhaps offers the most fruitful approach for ob-
taining answers to some of the most significant questions which
confront physical education today.
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CHAPTER10

The Experimental Method
MARJORIE PHILLIPS
LEONARD LARSON

THE EXPERIMENTAL METHOD IS APPLIED TO PROBLEM SOLVING
when factors needed for the solution of the problem may be con.
trolled and their influence determined. Controls may be applici
in a laboratory setting orin an operational setting. In the former,
variables are held constant by precise experimental procedures in
order to determine the influence of a single variable or combina-
tions of variables. In the latter, the variables are allowed to op-
erate in a natural and normal setting. This procedure is frequently
more effective in the solution of educational problems. In both
instances, certain basic controlssuch as the identification of the
population, the selection of the subjects, establishment of the dura-
lion of the experiment, and the elimination of extraneous influ-
encesmust be established before experimentation may begin.
Finally, measurements are secured and effects are determined
through logical and quantitative analysis.

The experimental method may be defined as a method of re-
search designed to determine influences, both qualitatively and
quantitatively, on a given phenomenon, or to determine influences
between or among variables. It is the only method of research
whose design demands controlled observation. The conditions
der which the phenomenon is to be studied become the starting
point for research.
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PLANNING THE EXPERIMENT
The Problem. Probably the most difficult phase in the planning
of an experiment is the identification and definition of the prob-
lem. Judgment determines the nature of the problem itself;
what variables will be included or excluded; the place where the
experiment will be conducted; the conditions under which the
experiment will be administered; the time and duration of the
experiment; the subjects to be used to represent a given popula.
tion; the degree of precision needed to yield results worthy of
generalization; the instruments to be used to measure the influnces
of the variables; the nature and extent of pilot investigations be-
fore beginning the experiment; the pattern of controlthe single
group, the parallel group, or multiple groups; the method of
equalizationby individuals or by groups; and the analysis de-
sign which most effectively demonstrates the results of the ex-
periment.

In addition to the proper identification of the problem, the pre-
liminary planning must also include an analysis and further iden
tification of the problem by statements of hypotheses. Such state-
nrents give more precisely what is to be studied; the experiment
is more sharply defined. Statements of 1-ypotheses begin with what
is assumed to be true, based upon avail :'e evidence. Research
will either confirm or reject the hypotheses. The procedure is
helpful in reducing the grope of the problem to a particular con-
dition or circumstance.

It is also a part of the planning to determine what assumptions
underlie the experimental plans. False assumptions yield invalid
results. It is in some instances desirable to investigate the assump
lions before beginning the experiment. For example, assuming
that a test will measure an ability, when reliable evidence to sup-
port such an assumption is lacking, is indeed a questionable pro-
cedure.

Other steps in the process of defining the problem include plans
for the collection of data and the selection of instruments. The
heart of the experiment lick in the instruments. These must fit
the group and yield data needed for the solution of the problem.
Te results will be valid to the degree that the instruments are
valid. Procedures for the qualitative or quantitative analysis of
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data must also be planned before experimentation begins. The
refinement of instruments may be necessary after a review or
analysis of the procedures available or desirable.

Verification is desirable in all research, but it is particularly
so in experimental research. This is due to chance conditions
which may exist. Similar results with replications of the experi.
ment will provide additional support for the conclusions.
Delimitations. One may attempt to eliminate from the experi.
ment those variables which are not necessary for the solution of
the problem. One may, for example, delimit an experiment to the
male sex only. This procedure is desirable when such variables
do not contribute to the solution of the problem but simply add
to its complexity. Delimitations in educational research may in
dude such factors or conditions as sex, age, institutional levels,
type of agency or institution, quality of programs, religion, race,
physical condition levels, and experience.

Subjects. The results of experimentation should lead to general.
tuitions within the limitations of the experimental design. All indi-
viduals are different in their traits, characteristics, abilities, and
reactions. The primary concern of the investigator in selecting
his subjects is that they may be truly representative of the popu
lation about which he wishes to generalize. The techniques used
to select the sample must be carefully described and must be such
that the possibility of bias is eliminated. The subjects as well as
the investigator must also be without bias. The subjects must be
Appropriate to the solution of the problem. For example, men
majors in physical education are not representative of college
men in general, or adult women as subjects would not be kippropri
ate if the results are to be applied to children.

Selection of the subjects should begin with a definition of the
populationas, for example, first grade boys. This is followed
by definition of the characteristics of this population which are
relevant to other pertinent factors in the experiment.

Other considerations of important* are availability of the
subjects and the number of subjects. It is wise to have some as
suranoe that subjects will be available throughout the duration of
the investigation, and it is far better to have a few subjects with
careful controls than large numbers with lax controls.
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Experimental Design. Experimental research may be conducted
on an "individual by individual" basis or on the "group by group"
basis. If results are going to be applied to the individual, the
former is the correct design. If, however, the results are to be
applied to a population or group, as a whole, the latter is the ac.
ceptable pattern. The problem is one of definition and equation.

The basic patterns in experimental research, aside from start.
ing with an individual. are the single group, the equivalent groups,
and the rotational groups. The single group design ie valid if the
results are used to describe or characterize the group. If several
variables are applied to the single group, for the purpose of com
parison, the conditions at each application must be identical and
the group must not be conditioned by the preceding variables.
The equivalent pattern consists of two or more groups made eom
parable by the selection of subjects or by statistical trerinent.
The equating factors are only those which influence the experi
went for example, training in a physical fitness experiment.
Generally, one group serves as a control group while the other
serves as the experimental group. The rotational group pattern is
a combination of the two; the application of the experimental vari
able is rotated between and among groups. The design is valid
when changes produced by the experimental variable are not
"earried.over" from one group to the other, or, if they are carried
over, are neutralized through the process of rotation.

PRINCIPLES OF EXPERIMENTATION
Statistical Hypotheses. The basic thinking which leads to statis
(jest inference is well expressed in the words of Fisher:

. 1 have seemed, as the aperisoeotet always does assume, that It is

possible to draw tad Wawa bete the tenths of espetioteetatioo; that it Is .
possible to alive from tootegotowes to oases, from ebeervatioos to hypotheses;
41 a Malik:hi woad say, from a sample to the popolotioa hoot vide/ the
sample was thews, of, as a With"; seght pot Is, item the pankolu to the
loosest ( :1)

The foundation of modern experimentation rests on the skill
of investigators in formulating fruitful hypotheses and designing
experiments to test them. If the guidance provided by a productive
hypothesis is lacking, the experimenter is foredoomed to an un
successful investigation.

The development of the hypothesis demands an understanding
of the principles of the scientific method and a complete under.
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standing of the problem being investigated. The hypothesis must
be clearly and carefully formulated at the primary stage of the
research and in such a manner as to permit the solution of the
practical problem involved. The theories and ideas gained
through the researcher's own experience, and that of others, pro-
vide the basis for the hypothesis. Once the hypothesis has been
formulated, the subsequent plans for the investigation are devel-
oped in such a way as to render possible a verification of the
hypothesis through direct observation. Verification of the hypothe-
sis means that satisfactory evidence is provided to indicate its
reasonableness or unreasonableness. The concept of proving a
hypothesis is fallacious; rather, if the idea of proof is to be sup
gested at all, it should be thought of as an attempt to disprove the
hypothesis. The hypothesis gives direction to the nature of the
data to be collected and the manner in which they should be col-
lected; it determines the techniques for organiring and analyzing
the data; and finally it suggests the judgments to be made and the
conclusions to be urawn. Any failure to pose the proper hypo-
thesis relative to the problem under investigation may well result
in a serious lessening of the efficiency of the investigation or cause
the collection of data from which no valid inferences may be
drawn.

In essence, statistical hypotheses are concerned with the prob.
ability that certain observed effects have resulted from chance
factors (errors in random sampling) rather than from some differ-
ential treatment associated with the investigation. In stating his
hypothesis, the investigator follows the law of pa.simony and
selects the simplest possible hypothesis, i.e., that there is no differ-
ence in the effect of the treatments under observation. This is
known as the null hypothesis and it may be stated in other ways
for example, the difference between means of the treatment
groups is rero, or the groups ire random samples from the same
populat;on.

After a clear, unambiguous statement of the hypothesis has
been developed, the subsequent planning and conduct of the ex-
periment must lead to the point where it is possible to apply a
test of significance to the results. The test of significance permits
two possible outcomes for the investigation.

1. Accepted Hypothesis. In the instant, where the hypothois
is accepted, the investigator subscribes to the belief that the ob.
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served effects could reasonably be attributed to chance. The avail-
able evidence indicates that the hypothetical condition could be
the true condition. The critical point at which the investigator no
longer considers the hypothesis tenable must remain a matter
of option, dictated by the exactness demanded by the investigator
for any particular experiment. Obviously the experiment mu3t
fail in its purpose if the investigator 'annot be satisfied with any
specified probability. The standard accepted by many experi
menters is the 5 percent probability level, although on occasion a
much higher level is demanded.

2. Rejected Hypothesis. In the instance where the hypothesis
is rejected, the investigator considers the observed and hypotheti
cal effects to be incompatible. The probability of the hypothetical
effect existing u..cler the observed conditions is too small for rea
sonable expectation. If, for example, the confidence level used
in rejecting the hypothesis were 5 percent, it would mean that the
hypothetical probability, as determined from the null hypothesis
under test, is only 5 in 100. It provides an expression of the in-
vestigator's credence in the hypothesis. The rejection of the hypo.
thesis does not mean that this decision cannot possibly be reversed
by future evidence. It simply indicates that from the evidence
available from this particular experiment the hypothesis is un
acceptable, and that to believe in this hypothesis would require
adherence to a belief that an exceptional event had occurred.
Significance Levels and Classes of Error. When experimental re-
sults are evaluated through a test of significance, there is always
the possibility of the conclusions being in error in either one of
two directions. Those errors occur in the cases where a true
hypothesis is rejected or a false hypothesis is accepted.

When a hypothesis is rejected, the exact probability of error
is specifiedand thus the experimenter makes known the risk
involved in assuming that a significant result has been demon.
atrated. When a hypothesis is accepted, however, no declaration
of the risk involved can be made since the relative frequency of
error in retaining a hypothesis depends in practice on the dis-
crepancy between the hypothetical true condition and the actual
true condition. The closer the hypothesis is to the truth (without
the two actually being coincidental), the greater the risk of ac-
cepting a false hypothesis; while the greater the disparity is be-
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tween the hypothesis and the truth, the less the risk of accepting a
false hypothesis.

Both types of errors should be considered when selecting a level
of confidence. If a very high level of confidence is established for
an experiment, the chance of accepting a false hypothesis is in-
creased; and conversely, as the level of confidence is lowered. the
chance of rejecting a true hypothesis is increased. Many investi-
gators have been more concerned about rejecting a true hypothesis
than accepting a false one, and so have insisted on a very high
level of confidence. Actually, the decision should be guided by
the probable consequences of making an error in one direction or
the other. There are situations where it may be preferable to reject
a true hypothesis and conclude there is a difference when none
exists, rather than to accept a false hypothesis and conclude there
is no difference when actually a difference does exist.

For example, in teaching a motor skill, a teacher may well
wonder if the use of kinesthetic cues will improve achievement.
A controlled investigation involving two random groups reveals
that on the basis of average achievement the group receiving the
kinesthetic cues scored several points higher on the criterion
measure of the skill. Under the null hypothesis it is found that
sampling errors of the size obtained would occur 5 times in 160
by chance alone. If the investigator insists on the 1 percent level
of confidence, he may very well be accepting a false hypothesis
and thus decide to eliminate the use of kinesthetic cues. On the
other hand, suppose he rejects the null hypothesis at the 5 percent
level of confidence and assumes the greater risk of rejecting a true
hypothesis. This increased risk is probably well worth taking,
since the use of kinesthetic cues involves no additional expense,
in any application of the term, and could make some considerable
contribution to achievement. If there is a health risk or if major
expenditures of time, space, effort, or financial outlay are involved,
the investigator may well insist on the higher level of confidence
rather than take the chance of making a recommendation which,
if in error, could be costly.

In general then, each situation must be examined before deter-
mining the best level of confidence to use. The primary concern
in rejecting a hypothesis when it is true is that further ev.perimen-
tation may be based on that result in the belief that some condi-
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tion has been established. The major danger in accepting a hypo-
thesis that is false is that a certain line of experimentation which
would produce fruitful results may be abandoned.
Randomization. The practice of using random groups in experi-
ments is one of the fine advancements in modern research methods.
In the words of Cochran and Cox,

Randomization is one of the few characteristics of modern experimental
design that appears to be really modern. One can find experiments made 100
or 150 years ago that embody the principles that are now regarded as sound,
with the conspicuous exception of randomization (7:7).

The primary purpose of randomization is to ensure that no bias,
known or unknown, will occur because of the manner in which the
groups are selected. The selection of a sample in such a manner
that it fails to meet the criterion of randomness imposes a limits-
tion on the interpretations which may be derived from it. The
validity of statistical inference is dependent on the fact that the
sample is a random one, since otherwise no dependable estimate
of the population parameter may be developed from the sample.
(See Chapter 4.)

In evaluating the results of an investigation, .one of the com-
monest practical questions which must be answered is whether
an observed difference in the means of two groups is the result
of the experimental treatments or whether it may be attributed to
a difference in the initial ability of the two groups of subjects to
respond to the treatments. If the subjects have been assigned to
the groups at random or have been drawn at random from a com-
mon poi:Iodation, this question may be readily answered. The
sampling errors arising from initial differences in subjects mlected
at random are measurable. It is, therefore, possible to determine
the probability that an observed difference between two groups is
due to chance factors. If this probability is high, then the differen-
tial treatments would not be given considerations as a cause of the
difference. If the probability is low, it is then reasonable to pro-
ceed with an examination of the treatments as a possible cause
of the difference.

When some nonrandom technique is used for assigning the
subjects to the groups, a bias of the investigatoreither conscious
or unconsciousor some biasing factor in the method used for
composing the groups, may be operating so that the groups are
quite different in their initial abilities to respond to the treatments.
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The sampling error arising from such biases is not measurable;
hence, the interpretation of the results is obscured. Even in cases
where there appears to be no possibility of a bias affecting the
results; it is well to use the safeguard of randomization and thus
provide an insurance against any unforeseen circumstance which
might seriously disturb the results of the investigation.

Random selection does not necessarily imply the simple selec-
tion of a random sample from an identifiable population. In fact,
it is quite rare that an investigator whose subjects are human
beings can draw his samples in this manner. The experiment can
be planned, however, to rt(3et the assumption of randomness. The
most commonly used techniques are to draw the subjects at random
from those available or, where numbers are small, to use random
techniques to assign all available subjects to the treatment groups.
Any strictly chance method may serve for this purpose, but one
which is particularly recommended is the use of tables of random
numbers (13:114). In such cases as these, where it has been
impossible for the investigator to draw samples at random from
the total population with which he is concerned, it becomes neces-
sary to define a hypothetical population. The hypothetical popu-
lation is described as one in which all the members are like those
involved in the investigation. All interpretations from such an
experiment are relevant only to this hypothetical population. If
generalizations to other populations are attempted, they will be
primarily a matter of speculation tempered' by judgment and ex-
perience, since there will be no statistical safeguards to support
the inferences.

Investigators sometimes design experiments in such a way that
no meaningful interpretations can be made. Suppose the efficiency
of two different types of grip strength testing devices is to be
compared. A group of subjects is available, all of whom are tested
first on device number 1 and then on device number 2. The aver-
age grip strength registered is found to be higher when the sub-
jects are tested by device number 2, and the difference is statisti-
cally significant. The investigator now finds himself in a quandry,
since he has no way of knowing whether the difference may be
attributed to a difference in the effectiveness of the devices or to
such factors as greater familiarity with the testing situation and
increase in strength refulting from the practice obtained on device
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number 1. This problem could have been resolved, had the investi-
gator designed his study to incorporate random techniques. The
obvious source of bias, and other unsuspected sources of bias,
could have been eliminated by the simple expedient of flipping a
coin as each subject appeared to be measured and letting the fall
of the coin decide whether the subject would be tested first by
device number 1 or device number 2. While the problems in
random sampling are not always solved this simply, the situation
serves to illustrate the protection afforded by random techniques
in the elimination of bias.

Basic Sources of Error. If the effect of possible sources of error
on experimental results is to be assessed, a very careful preplan.
ning of every stage of the investigation is demanded, as well as
clear insight into the probable factors which could influence the
results.

While it is obvious that gross errors in measurement and calcu-
lations are possible, these sources of error will not be discussed
here, since the experiment is not designed to study such errors
and it is unthinkable that any serious investigator would permit
them to occur.

Random errors of measurement will also be given little con-
sideration, since they will tend to cancel out. It is only when errors
of measurement are systematic that they may seriously affect the
results, and again, the good investigator will make every effort
to reduce these errors to a minimum.

In any experiment involving an evaluation of an observed dif-
ference, the primary consideration is whether the difference is a
real one, and if so, that this difference may be attributed to the
treatment effects. Before the conclusion may be reached that a
real difference probably exists, it is necessary to show that the
difference is not reasonably attributable to sampling error arising
out of the random selection of the subjects.
Intersubject Errors. The first basic source of error will be re-
ferred to as "intersubject errors." A valid estimate may be secured
for intersubject errors in any experiment where random techniques
have been used in drawing the samples. No valid estimate of
intersubject errors is available if any method other than a random
one is used in selecting sample members. Thus, in the properly
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designed investigation, when a difference is being analyzed, it
will be possible to state the probability that a sampling error of
the size obtained can be attributed to chance. If the sampling
error is shown to be too large to be attributed entirely to chance
intersubject differences, and hence resulting from something other
than the random selection of the subjects, there remains another
possible source of error to be considered.
Intergroup Errors. This second basic source of error will be
referred to as "intergroup errors." Intergroup errors occur when
some factor (or factors) is allowed to operate so that it affects all
the members of one experimental group in a consistently different
way than it affects the members of the other experimental group
or groups. The effect of this is a difference between experimental
groups which is in no way connected with the differential treat-
ments. Let us suppose that an investigator is concerned with the
problem of comparing the effectiveness of two methods of teaching
swimming to children. There are certain factors which quite ob.
viously could be responsible for introducing intergroup errors
unless they were controlled. The amount of practice allowed on
the various skills, the duration and number of the practice peri-
ods, the time of day, the quality of the instruction, the general
environment, and facilities available are all readily identified as
possible sources of intergroup error, unless all groups are treated
alike in these respects. These same kinds of factors would doubt-
less be considerations in any learning experiment, but the investi-
gator must also be alert to factors which are unique to a given
problem. Variations in water temperature, for example, could
definitely affect the results in the swimming experiment. Assuming
that some specific temperature would be best for optimum iesults,
an:- variation from that for one group might affect the learning.
This could be particularly important at the time criterion measures
are being secured. If one of the groups becomes chilled because
the water is too cold, that group may have considerably lower
scores on the criterion measure when actually no real difference
exists between the average swimming skill of this group and the
other groups of the experiment.

For single replications of an experiment, there is no error esti-
mate available to measure intergroup errors; hence, it becomes
*he responsibility of the investigator to identify these factors dur-
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ink; the planning stages of the experiment and make provision for
keeping them constant across the groups.

The treatment effects may, then, be considered to be the cause
of a difference in means of experimental groups when (a) a valid
estimate of intersubject errors is available and the difference is
shown to be a statistically significant one, and (b) all sources of
intergroup error have been identified and kept the same for all
groups.

Precision. When subjects are assigned at random to groups, it
is possible that just by chance the subjects of the various groups
may be quite different from each other in their capacities to re-
spond to various experimental treatments. When these differences
in initial abilities are related to performance on the criterion meas-
ure, the effect is to inflate the estimate of errors beyond what it
would be if the initial abilities of the subjects of the groups had
been more alike.

In order to increase the precision of the error estimate, it is
frequently possible to select a design which will reduce the vari-
ation of subjects because of chance differences in initial ability.
This purpose may be accomplished by matching the subjects of
the groups, prior to the administration of the treatments, on the
criterion trait or some trait related to the criterion trait. The
higher this relationship, the more effective will the matching be
in increasing precision. Once the matching process has been
utilized, it is of utmost importance that the proper estimate of
errors be applied, i.e., one that will not give consideration to the
source of error that has been eliminated. It would be better not
to attempt to make the groups more alike and to use a less precise
error estimate, than to make the groups more alike and fail to
use the appropriate estimate. A simple illustration of this is in
an investigation in which the subjects of two groups are paired
in terms of their initial ability on the trait being studied. The
difference between the means of the two groups on the final crite-
rion measure is then incorrectly evaluated by the estimate of errors
for independent random samples. The incorrect error estimate
will not reflect the increased precision gained through the matching
process, but the difference between the groups will be reduced.
This experiment may thus appear less conclusive than it would
have if no matching had been done.
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A second design for introducing increased precision is one
which permits the results to be analyzed by the methods of covari-
ance. By these methods the variations of the subjects in initial
ability are equalized statistically.

The size of the samples used in an experiment will also affect
the precision of the error estimate. Other things being equal, the
larger the sample is, the higher the precision. It should be ob-
vious, however, that there are many other considerations that
would govern sample size. An increase in sample size which be-
comes excessive in terms of the cost of the experiment would
hardly be considered worthwhile. In addition, there are many
cases in which an increase in sample size beyond a certain point
would so affect the efficiency of the investigation as to render the
results practically worthless. For example, when the extent of
learning of some motor skill is the criterion measure, the increase
of the groups beyond a certain size could so affect the teaching-
learning situation as to result in no gain in skill regardless of the
experimental treatments applied. The standard for sample size
must in the final analysis be governed by the purposes and require.
ments of a particular investigation.

Assumptions. If clear and valid statistical interpretations are
to be made of the results of an experiment, it is essential that the
assumptions underlying error estimates be met. There is no de-
fensible reason for accepting such assumptions as true without any
precautionary measures or without any supporting evidence of
their truth.

In general, assumptions may be divided ; to two categories ac
cording to the techniques used for demonstrating that they have
been satisfied.

The first category would include all assumptions that can be
net in the design of the investigation. For example, one of the

commonest of all the assumptions is that the samples are drawn
at random from a common population. It is possible for the in-
vestigator to satisfy this assumption by using random techniques
in the selection of his subjects. A second example of this class
of assumptions occurs in the analysis of covariance. It is assumed
that the initial measures are unaffected by the experimental
treatments. The truth of this assumption may be easily assured
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by the investigator. It simply demands that he secure all initial
measures preliminary to the treatment period.

The second category would include assumptions over which
the investigator has no control in the planning of the investigation,
but which may be evaluated by a test of significance. This cate-
gory is illustrated by such assumptions as homogeneity of variance
and linearity of regression. The minimum requirement would be
for the investigator to report the probability resulting from the
test of significance, and if possible, he should attempt to assess the
probable effect on the results of a failure to satisfy an assumption.

SIMPLE 2XPERIMENTAL DESIGNS
If an experiment is to be considered a good one, there are

many essential characteristics which it should possess. These are
so numerous that it would be beyond the scope of this book to
attempt to identify them all. However, Lindquist has developed
a summary which describes the most important characteristics of
a good experiment, and which are given as follows:

1. It will Insure that he observed treatment effects are unbiased estimates of
the true effects.

2. It will permit a quantitative description of the prelision of the observed
treatment effects regarded as estimates of the "true" effects.

3. It will insure that the observed treatment effects will have -vhatever degree
of precision is required by the broader purposes of the experiment.

4. It will make possible an objective test of a specific hypothesis concerning
the true effects; that is, it will permit the computation of the relative fre-
quency with which the observed discrepancy between observation and
hypothesis would be exceeded if the hypothesis were true.

5. It will be efficient; that is, it will satisfy these requirements at the minimum
"cost" broadly conceived. (22:6)

There are many experimental designs applicable to the solution
of a variety of problems. Some of the simpler designs, all con-
cerned with single replications of the experiment, will be discussed
and illustrated here. The discussion will be limited to the type
of educational experiment which examines the effect of differential
treatments on the arithmetic average or mean of a criterion vari-
able.

single Group Design, The simplest possible design would be
one in which a single group was studied over a period of time
in an attempt to observe the effect of some treatment. In this case,
an initial test of the criterion variable would be administered to
a random sample of some population, either real or hypothetical.
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The treatment would be applied over a reasonable period of time
and a final test of the criterion variable would be administered.
The test of significance would be applied to the difference between
means of the group on the initial and final tests, giving considera-
tion in the error estimate to the relationship whici doubtless would
exist between the initial and final test measures. Both the ad
vantages and limitations of this design seem quite evident. Many
mechanical difficulties are obviated by using a single group, and
intersubject errors are eliminated, but since only one group is
involved, there is no basis for comparison in the logical analysis
of the results. The error estimate is valid and precise, but the
cause of a statistically significant difference may be obscure. The
investigator may believe that the treatment is the cause, but he may
also experience difficulty in eliminating other factoii; which could
reasonably have been the cause.

Let us consider a case in which an experimenter is interested
in learning whether significant gains in the endurance of children
are made following a certain type of training program. An en-
durance test is given to the subjects prior to the training period
and following the training period. A significant difference is
found between the initial and final mean endurance scores, with
the final mean score being the higher of the two. It may be validly
concluded that following the training period the group is superior
in endurance to what it was prior to the training period. However,
the reason for this gain cannot be clearly demonstrated. It may

due partially or entirely to the training, or it may be due to
natural maturation gains, to the practice effect of repeating the
test, or to physical activities not controlled.

The single group technique may have useful applications in
situations where two or more variations of a variable are to be
studied, the variations of the variables constituting the treatments.
The various treatments are administered in sequence to the sub.
jects, and as a result errors arising from intersubject differences
are eliminated. This approach is limited to situations in which
the effect of one treatment does not influence subsequent treat.
znents.

Let us suppose that a swimming coach is interested in the effect
of various dosages of oxygen on the performance of champion
short distance swimmers. A group of champion swimmers is
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selected at random from a defined population of champion
swimmers. Each of the selected subjects swims the specified dis-
tance twiceonce preceded by one dosage (A) of oxygen and
once preceded by another dosage (B) of oxygen. If all subjects
are at their performance peaks, it may be reasoned that no practice
effect will be present and hence all subjects can receive dosage A
on the first swim, and dosage B on the second swim. In order
to eliminate any possible bias from this source, the administra-
tion order of the dosages for each subject can be determined by
a chance method. An analysis of the mean difference of the two
performances of the subjects may be made and validly interpreted.
The main advantage of this design is the increased precision result.
ing from the elimination of intersubject errors. However, since
the treatment effects in the majority of cases are not independent
of each other, the usefulness of this design is limited to the ex-
ceptional situation.

Simple Random Designs. These may consist of two independent
groups or of three or more independent groups, as described below.
Two Independent Groups. This design is useful for observing
the effect of s certain treatment on a group, with a second group
acting as a control and receiving no special treatment, or for ob.
serving the comparative effect of two treatments. The treatments
would be applied over a specified period of time, and finally a
criterion test would be administered.

To illustrate this design, let us suppose that an investigator
wishes to examine the relative effect of two bouts of exercise on
the physical condition of young men. The subjects available for
the experiment are assigned at random to two groups, and the
groups are assigned at random to the two bouts of exercise. At
the end of the treatment period, a physical condition test is given to
each of the subjects, and the difference in the mean physical con-
dition of the two groups of young men is evaluated. The error
estimate secured from the statistical analysis provides a perfectly
valid estimate of the intersubject errors, but it may lack essential
precision. If a significant difference is demonstrated, all is well.
However, it is possible that just by chance the subjects of the two
groups were quite unlike each other initially, thus expanding the
error estimate to the point that a difference actually existing is not
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revealed as significant. In situations where a more precise design
can be used, this design would not be preferred.

Three or More Independent Groups. When several variations of
the same variable are to be observed in the same experiment,
subjects may he randomly assigned to the several groups and the
groups, to the various treatments. The same general procedures
would be followed as for two independent groups. The statistical
analysis would be by the methods of analysis of variance.

This may be illustrated by the above study on the bouts of
exercise with the exception that, instead of two bouts, several
bouts would be selected for use as the experimental treatments.
The error estimate derived from the analysis of variance would be
perfectly valid for evaluating intersubject errors but again might
lack sufficient precision to reveal differences which actually exist.
Related Group Designs. Since the simple random designs may
lack desirable precision, attempts may be made to increase pre-
ci:.ion by the use of techniques which reduce initial dissimilarities
in subjects from group to group.
Two Paired Groups. In this design the subjects of the investiga-
tion are paired, person for person, on the basis of an initial meas-
ure which is either the same as, or is highly related to, the criterion
measure. After the pairing is completed, the members of each
pair are assigned at random to the groups and the groups, to the
treatments. The administration of the treatments is then followed
by a test of the criterion measure.

To illustrate this design, let us consider a situation in which
the investigator wishes to study the effect of two different diets on
increasing the weight of undernourished children. Let us assume
that the investigator is in a summer camp for such children and
hence may control quite carefully all of the living conditions. The
initial weights of the children will obvious] : an important factor
in the evaluation of their final weights, so it is important that the
two groups be made as nearly alike as possible in terms of initial
weight. Each child is weighed preliminary to the treatment period;
then on the basis of weight the children are paired as closely as
possible. The two members of each pair are assigned to the two
groups at random, and the two groups are then assigned to the
two diets at random. During a specified time the children follow
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the experimental diets, and at the end of this time they are weighed
once more. The mean of the differences in final weight of the pairs
is evaluated, and the error estimate reflects the increased precision
introduced by the pairing process. When a high relationship ex-
ists between the matching variable and the criterion variable, this
design has the great advantage afforded by the more precise error
estimate. However, if some matching variable is chosen which in
the end is found to have little or no relationship to the criterion
variable, a great deal of time and effort will have been wasted,
since no gain in precision will have occurred.

Three or More Paired Groups. This design is simply an extension
of that discussed under two paired groups, in which several vari-
ations of a variable may be observed in the same investigation.
Obviously, as the number of variations is increased, the difficulties
of exact matching are also increased. The results from this design
are analyzed by the analysis of variance methods.

An alternate technique for increasing precision, which avoids
matching in any form but which yielde the same degree of pre-
cision, is the method of analysis of covariance. By this method the
chance inequalities in initial status of group members are adjusted
statistically.

One of the disadvantages of designs requiring the matching
of subjects is that groups cannot be organized and scheduled until
after the initial test has been administered and the subjects
matched. When the results are analyzed by the covariance methods,
this difficulty is not encountered, since the initial test may be ad-
ministered after the groups have been organized.

Factorial Designs. Factorial designs make it possible to study
two or more variables in the same experiment, each variable hav-
ing two or more variations. With this kind of design, all possible
combinations of the variables and their variations are analyzed.

The 2 X 2 Factorial Design. This is the simplest of the factorial
designs, in which two variables are studied, each with two varia-
tions. Four treatment groups are involved, each group being
subjected to a different combination of the variations of the vari-
ables.
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The treatments are organized as follows:
Treatment 1: variation 1 of variable 1 and

variation 1 of variable 2
Treatment 2: variation 1 of variable 1 and

variation 2 of variable 2
Treatment 3: variation 2 of variable 1 and

variation 1 of variable 2
Treatment 4: variation 2 of variable 1 and

variation 2 of variable 2

The subjects available for the experiment are assigned at ran-
dom to the groups, and the groups are assigned at random to the
treatments. At the end of the treatment period, a criterion meas-
ure is secured, and the results are analyzed by the methods of
analysis of variance.

The great advantage of this design is that there can be derived
from a single experiment the same information, with the same de-
gree of precision, that would require two separate experiments
under other designs. In addition, information is provided con-
cerning the interaction between the two variables which would be
entirely lacking under ,,ther designs.

A very good illustration of this design is afforded by the bowl-
ing study reported by Summers (31). The two variables of the
study are style of delivery and point of aim. The variations of
style of delivery are the hook ball and the straight ball; the vari-
ations of point of aim arc spot and pin. The purposes of the
study are to observe the effect of variations in style of delivery and
variations in point of aim on the achievement of beginning women
bowlers and to determine whether interaction effects occur be-
tween delivery and point of aim.

The 72 subjects available for the investigation were assigned
at random to four groups, 18 subjects in a group, and the groups
were assigned at random to the treatments. The four treatments
were (a) hook ball delivery with spot point of aim, (b) hook ball
delivery with pin point of aim, (c) straight ball delivery with
spot point of aim, and (d) straight ball delivery with pin point
of aim. At the end of the instruction period of 12 weeks, the
criterion measure was secured. This measure is the cumulative
24-game bowling average with scores adjusted for differences in
initial status.
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From this single study it was possible to show that the observed
difference due to variations in style of delivery could be attributed
to chance; that the observed difference in achievement due to vari.
ations in point of aim was statistically significant, with the spot
point of aim producing the superior result; and that there was no
interaction between delivery and point of aim. The meaning of
the interaction result is that differences due to variations in point
of aim will be the same regardless of which style of delivery is
used, and differences due to variations in delivery will be the
same regardless of which point of aim is used. If a significant
interaction had been found, it would have centered attention on
the combinations of delivery and point of aim which would lead
to the best achievement.

The 2 X 2 X 2 Factorial Design. This design is an extension of
the 2 X 2 design, in which one more variable with two variations
is added to the experiment. This would result in eight treatment
groups. For example, in the bowling problem a third variable
approach--could be added. The variations of approach could be
five steps and four steps. In this case the treatments for the groups
would be: (a) hook ball delivery, spot aim, fivestep approach;
(b) hook ball delivery, spot aim, fourstep approach; (c) hook
ball delivery, pin aim, fivestep approach; (d) hook ball delivery,
pin aim, fourstep approach; (e) straight ball delivery, spot aim,
fivestep approach; (f) straight ball delivery, spot aim, fourstep
approach; (g) straight ball delivery, pin aim, fivestep approach;
(h) straight ball delivery, pin aim, fourstep approach.

This design would make it possible to analyze the effects of
variations In style of delivery, the effects of variations in point of
aim, and the effects of variations in approach. In addition, it
would make possible an analysis of the firstorder interaction
between delivery and point of aim, delivery and approach, and
point of aim and approach; as well as the secondorder interaction
of delivery, point of aim, and approach.
Complex Factorial Designs. In these designs any number of Irani-
ables, each with any number of variations, may be studied. As
in the simpler factorial designs, the effects of the variations of the
main variables are observed as well as the ..ample and higher order
interactions. The main limitations of these more complex designs
are in the mechanics of organizing and randomizing subjects across
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a large number of groups and then of handling these groups. For
example, in a 4 X 3 X 2 design there would be three main vari
ables, the first variable having four variations, the second three
variations, and the third two variations. This design would require
the handling of 24 groups, which becomes a particularly limiting
factor where the subjects are human beings.
Randomized Blocks Design. One of the limitations common to
completely randomized designs is that they frequently fail to pro.
vide a desirable degree of accuracy or precision. Alternate designs
have been discussed which introduce a greater degree of precision,
and the randomized blocks represent still another approach to the
solution of this problem.

In this design the subjects of the experiment are arranged into
relatively homogeneous groups or blocks and then treatments are
assigned at random to the subjects within the blocks. In other
words, certain factors which are related to the criterion variable
and which are measurable are controlled through the process of
developing homogeneous blocks of subjects; other factors not so
controlled are randomized.

This design may be illustrated through a simple experiment in
which the criterion variable is health knowledge and the experi.
mental treatments are four different films developed to convey
certain health knowledge* and understandings. The purpose of
the investigation is to examine the relative effectiveness of the
four films in improving health knowledge. The educational level
of the films is junior high school, so an experiment is planned for
children at that level.

Twenty.four children are to be used in the investigation. Under
a completely randomized design, the children would be assigned
at random to four groups and the four groups would be assigned
at random to the four treatments. In the randomized blocks design,
however, the investigator would attempt to identify certain attri.
butes of the children which would be relevant to their response to
the experimental treatments. For example, sex might be a factor to
be considered. Assume that of the 24 children, 12 are males and
12 are females. The subjects would be divided into two groups or
blocks of 12 each, according to their sex. Within each block the
four treatments would be assigned at random to the subjects, with
three subjects in each block receiving each treatment. The corn.
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parisons between treatments would then be for children of the
same sex. In a design which is completely randomized, the number
of children of each sex being subjected to the various treatments
may be unequal just by chance and the resulting differences in the
criterion measure may very well he at least partially the conse-
quence of sex differences.

A second factor which doubtless would be a consideration in
this investigation is intelligence. The children in each of the sex
blocks could be divided, for example, into three intelligence levels,
resulting finally in six blocks with four children in each block.
Three of these blocks would be males, one of the three would con-
tain the four males with the highest intelligence, one would contain
the four males of medium intelligence, and the third the four males
of lowest intelligence. The same arrangement, by intelligence,
would be established for the 12 females. Finally, within each
block, the four treatments would be assigned at random to the four
subjects. The comparisons in this arrangement would be for din-
dren of the same sex and relatively homogeneous intelligence.

These same techniques could be continued to include as many
equalizing factors as desired, although as the number of factors
is increased so must the number of subjects be increased. This
design permits any number of treatments and any number of sub-
jects under each treatment. The results are analyzed by the
methods of analysis of variance.
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CHAPTER 11

Laboratory Research
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C. ETTA WALTERS M. GLADYS SCOTT

JOHN COOPER MARJORIE U. WILSON
JOSEF BROZEK, Comm limo

THE TERM LABORATORY IS USED IN THIS CHAPTER TO ENCOMPASS

all those sites where research of an applied type takes place.
It may be a room especially equipped for particular kinds of
experimentation as cited in Chapter 6. It may be the gymnasium,
dance studio, swimming pool, or athletic field.

The discussions which follow deal with certain areas of ap
plied research, elzit of which has more or less implication for
the fields of health, physical education, and recreation. These
areas are discussed here to show, at least in part, what has been
done, the problems, and the limitations and needs. Although
they have certain similarities and interrelationships to which the
reader should be alert, they are presented here as separate dig.
cussions for reasons of expediency.

Anthropometry

MARGARET FOX

Although it may be said of all studies that the value of the
work depends on the meticulousness with which subjects are

las
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measured, it is especially true of anthropometric studies. Care
needs to be taken not only in defining body landmarks precisely
but also in selecting an instrument for measuring which will not
be subject to variation.

It is equally true that the population limits need to be precisely
set, since many anthropometric studies concern themselves with
describing differences in body growth and development. These,
in turn, are dependent upon many factors, such as geographical
location, race, age, and body type. Even these factors can be
broken down into finer units, such as altitude and temperature
variations; country of predecessors; chronological, skeletal, or
physiological age; and endomorphic, mesomorphic, or ecto
morphic body types.

But even with satisfactorily defined landmarks, adequate in
strumentation, and population limitations, the study will be
worthless if adequate attention is not paid to the method of
taking and recording measurements. Variiince caused by avoid
able errors can accumulate to a surprising amount if all these
factors are not take's into consideration.

PROBLEMS OF ANTHROPOMETRIC MEASUREMENT
Landmarks. While anthropologists tend to be precise in describ
ing body landmarks, much of the professional literature in physi
cal education continues to describe anatomical boundaries in
rather vague terms. Fox and Young (12) reveal this lack of
precision in a survey of early studies concerning the points at
which the line of gravity intersects the knee and ankle joints.
These authors attempt to define the exact spot of intersection
with greater accuracy.

Another landmark often inadequately described is the acromion
process. Investigators may attempt to clarify it by specifying
the tip of the acromion. This scarcely adds any light, for the
most lateral part of the acromion measures more than an inch
across. Does the investigator have in mind the most lateral
projection of the acromion or the anterior or the posterior angle
of the acromion? In trying to locate a gravit&l line in relation
to such a loosely described landmark there may be a variation
of as much as an inch, solely the result of vague description of
the landmark.
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In measuring height, it is necessary not only to be certain that
the hair does not interfere with the measurement but also to
observe whether the head is held on the "Frankfort Plane," or
variations of fractions of inches may occur.

Another problem in selecting a landmark is the ease with
which such a point can be located. Subcutaneous fat or muscle
mass may make it difficult to find the landmark. If there is a
choice available, the landmark nearest the surface and with
the least amount of soft tissue interference should be chosen.
Position and Condition of the Subject. Position and condi-
tion of the subject may lead to avoidable error in taking anthropc
metric measurements. For example, considerable difference can
be noted in the sitting height of the individual according to the
position of the legs. If the knees are together, each bent at a
right angle, and the feet are flat on the floor, the gluteal muscle
mass and, to a certain extent, the tensing of the muscles add to
the height of the individual. If the ankles are crossed and the
knees separated, the muscles relax and there is a closer approxi-
million of the true skeletal stem length from the tuberosities of
the ischia to the vertex of the head. Muscle tension will influence
girth measurements as well as sitting heights. Standardization of
muscle tension as well as of position will be necessary to minimize
this source of error.

Height and weight vary during the day. Individuals not only
tend to be taller early in the day but also to weigh less. If con-
siderable precision is desired in taking records of this type, the
time factor must be considered. Proximity of meals and the
timing of bowel and bladder evacuation may have marked effect
on weight of young subjects but will be of less consequence to
adult measurements.

Variations in posture may have their effects. One difficulty
in trying to measure shoulder width is the position of the shoulder
girdle, while a fatigue slump may affect the total height. These
errors can be mirimited to a certain extent by the directions
given by the examiner.

Needless to say, shoes and other clothing may cause marked
differences in height and weight because of the variations in
wearing apparel from individual to individual. As a standard
procedure, subjects should femme their shoes before measure-
ments are taken.



LAIORATOIRY RISIARCH 303

In longitudinal studies where height is a factor, it may be
necessary to take some measurements in the reclining posili-,n
and some in the standing position because of the age of the
subjects. Researchers do not agree upon the age at which the
shift from one position to another should be standardized and at
which the position mentioned in reporting results should be listed
as standing or reclining height.

Measurements of the thorax vary considerably if taken on
inspiration or expiration, or if taken when the individual has
the chest elevated, as when looking forward, or depressed, as
when looking down.
Accuracy. There are a number of factors which may influence
the accuracy of the records even when sufficient care is taken
in the choice of landmarks, instruments, and position of the
subject.

Of prime importance is the skill of the anthropometer. He
may need considerable practice in taking the selected measure
ments in order to duplicate his own results Oh any degree of
reliability. This also may he dependent on his physical condition,
because fatigue, inability to see well, lack of ability to con
centrate, and/or boredo n may nullify all the work of the de.
signer of the experiment.

The pressure with which instruments are applied must be
specified before measurement begins and must be uniform from
subject to subject when data are taken. The instruments them.
selves must not vary with weather conditions or use; tapes may
shrink and springs may lose their tension. Instruments should
be calibrated from time to time to avoid these errors.

Planning the order of observations is necessary to avoid having
to change instruments too often or to vary the position of the
observer too frequently. Figures need to be carefully recorded
so there is no subsequent question of whether a "1" or "7" was
intended. The aid of a competent clerk who can pay attention
to verbal directions is desirable. The use of such a person acts
as a check on the observer as to the feasibility of such an observa
tion. A recorder also makes it unnecessary for the anthropometer
to jot down each figure as it is observed for fear that 1st will
make a mistake in attempting to keep in mind several measure.
ments taken in succession.
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Units of Measure. The Englishspeaking countries are plagued
with having to adjust to two sets of measurements. Much of our
scientific measurement is in the metric system. However, many
reports for lay usage are still in terms of inches, feet, and pounds
(26, 27). While it is customary to report fractions of an inch
in quarters, eighths, and so forth, this division is not practical
from the standpoint of computations. It is easier to add tenths
of inches, when necessary, to determine means and standard
deviations. This means that special instruments calibrated in
that fashion must be used. The metric system obviates this
difficulty.

The size of the measuring unit is of major importance. In
measuring the total height of an individual, it may be sufficient
to measure to the nearest half inch or the nearest centimeter.
But in measurements such as ankle and wrist girth, the nearest
tenth of an inch or half of a centimeter is indicated.

For metric measures, Tildesey (51) recommends that, when
the standard deviation is less than 3.3 mm, the unit of measure
ment should be smaller than a millimeter. If the standard
deviation is less than 33 mm, she recommends that the unit of
measurement should be less than a centimeter. Her recommenda-
tions ire based on statistical evidence that, for direct measure
ment, the unit should not be more than twothirds of the standard
deviation of the character being measured. It is customary in
most direct measures in physical education to use the centimeter,
execpt when a derived measure is to be used, such as computing
the leg length by subtracting the sitting height from the standing
height. In this derived measure, the millimeter should be the
unit of measure.

SELECTION OF SUBJECTS

There are a number of factors which should be taken into
account in selecting subjects for any anthropometric study.
Setting the population limits so that a relatively homogeneous
group can be obtained may yield more consistent results. There
are a number of studies which make this observation apparent.

In a review of 25 studies, Kaplan (20) has concluded that
climate, diet, and altitude significantly Influence growth patterns.
Newman and Munro (34) also note that there is a correlation
between colder climates and greater weight and surface area
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of army inductees. Their suggested explanation is that colder
temperatures stimulate activity and appetite. Roberts (43) also
noted this correlation. In a study involving Gregon children,
the Merediths (30) noted that they were taller and heavier and
had greater girths than children from a number of areas of the
country with a similar ethnic background. These studies suggest
that there are real population differences attributable to climate.

Race must also be considered. Trotter and Gleser (52) have
found that Negroes have significantly longer bones in the ex
tremities than subjects from the white race. Other observations
from their study indicate that there is a decrease in stature due
to aging.

In the selection of subjects, therefore, it would be well to
narrow the population and increase the number of subjects for
consistency of results. With such marked geographic and racial
differences, it should be apparent that in physical performance
events where height and weight might have some influence it
is futile to attempt to set national norms in this country.

PROBLEMS STILL TO BE SOLVED
A number of problems still remain to be answered by research

in anthropometry. For example, no satisfactory method has yet
been worked out for classifying women by body types. Ap
patently there is a sex difference in the important components
making uo the classifications. Until a method of classifying
women by body type has been worked out, there can be little
research on the relationship of body type to physical performance
of women.

Somatotyping for men would bear simplification. In addition,
a longitudinal study of somatotypes, particularly as they affect
the middle and older age groups, is indicated. The relationship
of the somatotype to various constitutional diseases would be
of value in preventive medicine.

Further study needs to be made of racial differences in skeletal
and muscle structure, in order to give a clue to the superior
performance by the Negro race in some types of activities. A
study of relative buoyancy of Negroes and whites would be
valuable, as well as a study of postural differences between
the races.
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The relationship of climate to growth fps been studied to a
limited extent, but this would bear verification and extension.

Although some work has been done on ihe relation of skeletal
maturity to physical performance, further investigation of skeletal
maturity in various parts of the body should be carried out.

It is believed that muscles develop at various rates, but little
is known of the relationship of skeletal and muscular maturity
or at what times one can expect certain muscle groups to have
developed. Another unknown is the value of specified activities
to promote earlier development of muscles.

The relationship of muscle size to strength has been worked
out in the laboratory but bears investigation in the living subject.
Can certain types of exercises increase strength without causing
marked hypertrophy of muscles? What is the nathematkal rela
tionship between growth in strength and hypertrophy of muscles?

A number of problems have been suggested that could be
solved by anthropometric research.

STUDIES RELATED TO BODY BUILD
In recent years there have been a number of methods of

ascertaining body build. 'These are of interest to the physical
educator because there are indications that, at least for males,
performance is related to build. Carpenter's work (5, 6) with
women suggests that the body.bu;ld factor is not so important
with that sex, however.

One of the early classifications of physical performance by
age, height, weight is Mc Cloy's (25)..11e found that age alone
was sufficient for girls. This type of classification is most satis
factory for groups below college age when growth is still taking
place. Miller (31) concluded that height and weight were un
satisfactory elements on which to base classification of college
men.

More recent methods include that of Sheldon's classification
by somatotype (45). Photographs are taken of the subjects
under standardized conditions. The predominant component of
physique is judged by comparing the photograph with various
standards pictured in his Atlas. Sheldon has worked out three
major components which he has labeled endomorph), or the
tendency toward roundness of body form; tnesomorpity of the
predominance of muscle, bone, and connective tissue; and veto
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morphy or the tendency toward fragility and linearity. Presum-
Ably these components form a continuum, and a physique may
contain elements of all three components. Sheldon describes
88 types, with a total of 505 types when half scores are used.

Both proponents and opponents of this method will be found.
Lorr and Fields (23), in a factorial analysis of body types,
found three distinguishable groups closely resembling Sheldon's.
Sills (46) describes a fourth component, omomorphy, in the
classifications. The latter component is characterized by a
V-shaped torso with the chest and shoulders more highly de-
veloped than the lower extremity. He also found that motor
ability tests had positive relationships to mesomorphy and
omomorphy, while strength did not have a significant relation
to any of the components. Sills and Everett (47) suggest that
consideration should be given to body types such as Sheldon
describes in formulating standards for achievement on strength
or motor tests because mesomorphs were superior to the other
two types in such tests. Sills and Mitchem (48) grouped 13
classifications of somatotypes into four groups and then computed
Tscores for predicted performance on physical fitness tests for
the groups.

Few studies have been done where women have been classified
by somatotypes. Though Sheldon and his co-workers have been
studying the application of this technique to women, they have
not published their results to date. Perbix (38) studied the
relation of somatotype ratings to motor fitness of college women.
She concluded that her groups as a whole had endomorphy as
their dominant component but that physical education majors
tended to be more dominant in mesomorphic traits. She also
found a significant relation between mesomorphy and knee
push-ups and medicine ball put.

In a longitudinal study, Dupertius and Michael (9) compared
growth in height and weight between ectomorphic and meso-
morphic boys and found that over a period from 4 to 17 years
of age the ectomorph; were consistently taller while the meso-
morphs were heavier. The ectomorphs grew over a longer period,
while the mesomorphs grew faster and matured earlier. They
believe that somatotypes, as far as ectomorphs and mesomorphs
are concerned, remain fairly constant throughout childhood and
young adulthood.
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It seems apparent that there is a heredity core of parent-child
similarities in physical characteristics, according to Bayley (1).
This likeness becomes more pronounced as children mature.
Peckos' study (37) substantiates the hereditary feature of body.
build inheritance in her study on caloric intake of children.
She found that endomorphic children had the lowest caloric intake
of the three classes, while ectomorphic children had the highest.
She concluded that body build was not a function of caloric intake
alone.

The practice of taking measurements of body build from
photographs has been questioned by some investigators, but
Geoghegan (14), comparing actual measurements with those
computed from photographs taken under standard conditions,
concludes that measurements taken from photographs prove
satisfactory.

There appears to be enough evidence that when physical per-
formance standards are set for boys some consideration should
be given to body build. The situation for girls is not so clear-
cut, and investigation of this problem seems desirable.

TRENDS IN PHYSICAL. GROWTH
In the past few years, there has been increased interest in

growth and development of the child, particularly as they pertain
to the physical fitness of the individual. Much of the early work
had to do with collecting data on range in size of various parts
of the body, at various age levels. Other investigators have
collected data for use of architects and school designers (26, 27).
Tuddenham and Snyder (53), using a longitudinal design, col-
lected data not only on growth in body size but also in strength
over the period of birth to 18 years of age.

There continues to be interest in assessing maturity by means
of observations of osseous development (16, 17, 36). Nicolson
and Hanley (35) describe measures of physical maturity, giving
age norms for the appearance of these signs of maturity.

Of interest to tl a ohysical educator are observations on the
relation of growth and maturity to the development of strength.
Weinback (55) states that increase in strength in children is
not proportional to inzresse in size. This observation is significant
in such activities as tumbling, where the inexperienced teacher
is apt to choose the largest or tallest children as bases in couple
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and group stunts under the mistaken impression that they are
the strongest.

In relation to body build and growth, Steinhaus (49) observes
that mesomorphs build more muscle than linear types when given
the same amount of exercise. Jones (19) notes that while static
strength is associated with body size in early adolescence it is
more closely related to body build. For the same body weight,
mesomorphs have more strength. In relation to maturity, Jones
also notes that eight-yearold mesomorphic boys are closer to
sexual maturity and stronger than eight-year-old ectomorphs.
He suggests, as a result of his observations, that teachers should
give consideration to the constitutional make-up of children in
establishing levels of expectation.

Rarick (39) and Jensen (18) have synthesized some of the
pertinent findings of studies done on growth. Reynolds (41)
noted that girls who reach sexual maturity at an early age show
a spurt in the growth of the muscle mass of the leg at 91/2 years,
while late maturing girls show this spurt 21/2 years later. The
boys' spurt is similar in pattern to the girls but comes later.
He also observed that there was a sharp increase in leg extensor
strength at 11 years of age. This observation seems pertinent
to the selection of activities for elementary school boys.

Wetzel (56, 57), why, was interested in growth failure as a
method of locating children with incipient health problems, de-
vised a grid for plotting growth of children. Several studies
have been done observing the functioning of the Wetzel grid and
using it as a method of classifying children for motor activities.
Watson and Lowrey (54) discuss the grid in their study on
child growth. Krogman (21) gives directions for using it.

Although the Wetzel grid was planned primarily for assessing
growth of children, M ller (32) used it as a classification device
in studying the perfm mance of college men on motor activities.
He concluded that the grid had dubious value as a performance
classifier for college men for motor performance. Garn (13)
applied the grid technique in a longitudinal study of girls but
found such a number of deviations from the starting channel
within two years that he believes that constancy of channel post-
tion is not usual for girls during growth and maturity.

Hall (15) plotted data from observations of growth of 4-H
club members in Illinois on several types of growth indexes.
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He also., rives growth curves of several body measurements for
both boys and girls in the study.

There has been some interest in subcutaneous fat measure.
ments in relation to growth, body temperature, and basal metabol-
ism rates for boys and girls by Reynolds (42) and Eichorn and
McKee (10).

It has been suggested that there is an interrelaticnship of the
various growth measures such as height, weight, strength, osseous
development, vital capacity, dental development, and reading
development. The composite has been termed the organismic
age. Blommers and others (3) found no systematic tendency
for these various "ages" to be related except by chance.

One of the major difficulties in studying growth and develop-
ment has been that of carrying out longitudinal studies. Bell (2)
des,-ribes a plan for an accelerated longitudinal approach which
he Irms convergence. This procedure should prove useful to
at least part of the studies rid is well worth investigating as a
possibility when planning this type of study.

One of the simpler and more feasible methods of measuring
growth in children is that proposed by Meredith (28, 29). He
has prepared a booklet, Physical Growth Record, in which the
growth curve may he plotted for children from 4 to 18. There
are separate forms available for each sex. In the interior of the
booklet, five growth zones are separately plotted for height and
weight. The weight or height is plotted in a zone which corres-
ponds to the intersection of two lines. Age is plotted by halfyear
intervals on the vertical lines, while height or weight is plotted
on horizontal lines. The two lines will intersect in a growth
zone. By comparing height and weight zones for consistency,
marked discrepancies can be determined and such cases referred
to a physician for assessment of physical status. This method
has the advantage of simplicity and of economy from the stand-
point of time.

Curriculum planners would do well to consider some of the
findings on growth and development in planning curricular
changes. As in body build, while many of these methods function
reasonably well for males, considerable study needs to be done
on how these methods apply to females.
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APPLICATION OF ANTHROPOMETRIC DATA
Physical and health educators are apt to be interested in

anthropometry as it pertains to the solution of some problem
in the field. For example, what is the relation of length of body
segments to flexibility? Does variation in height seriously in-
fluence performance in tests in the sports area? Should body
build be used to classify students for physical fitness tests? The
few examples to be given here may stimulate investigators to
make greater use of these valuable tools.

In times of national emergency, fitness becomes increasingly
important. There is always the problem of setting standards
of performance, but should the same standard be expected of
all? Loveless' study (24) of performance of varying age groups
on war-time Navy Physical Fitness Tests indicated that age
makes little difference in those from 17 to 30 years old but that
those over 30 made consistently lower scores. He also found
that height had little influence on the scores but that weight
over 190 pounds did cause r decrease in scores.

In the area of sports, Lump (22) found that at tilt, junior
high level sex differences in volleyball skill were insignificant.
However, age and weight were significantly related to volleyball
skill for girls, while height was for boys. Maturity also was
definitely related to performance by boys.

An investigation of relationships of age, height, und weight
to track and field performance by Cearley (7) produced the
conclusion that performance ability of both boys and girls 9
to 17 years old in track and field events bears a nonlinear rela-
tion to age, height, and weight. Age made its greatest contribu-
tion to performance in that area at 15I/2 years for boys and
131/2 years for girls. Height made its greatest contribution at
71 inches for boys and 51 inches for girls, while weight made
its greatest contribution for both boys and girls at 55 pounds.

In a study on college women, Mohr and Haverstick (33)
found height to have some relationship to volleying ability as
demonstrated in the volleyball wall volley when the subject
stood three feet from the wall. DiGiovanna (8) concluded
from his investigation that body structure and muscular strength
are associated with athletic success. Everett and Sills (11) noted
that weight, anthropometric measurements of the hand, height,
and mesomorphy all correlated with grip strength.
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Sells (44) did an extensive study on the relationship of
measures of physical growth and gross anotor performance of
primary grade children. Mean performance in the skill events
tended to increase with the increase in ago. Rarick (40) was
also interested in primary grade children and the relation of
growth to strength. His findings are that at the sevenyearold
level there are qualitative sex differences in muscle tissue as
measured by roentgenograms. In addition, ho concluded that
boys have greater muscular power per unit of muscle mass
than girls.

In studying the relationship of body size and shape to physi-
cal performance, Bookwalter (4) found that maximum size
and shape do not produce maximum physical fitness and that
the thin and average perform equally well physically. He con-
cluded there was a systematic relationship between developmental
levels and fitness scores.

Tanner (50) studied the effect of four months of weight train-
ing on the physique of ten mesomorphs. After the subjects had
a fourmonth rest, he found that all measurements, with the
exception of the upper arm girth, had reverted to normal pre-
training size. As a result, he believes the muscle growth potential
of the arms is greater than that of the legs.

These studies point the way toward additional research linking
body size and maturity with performance in gross motor activities.
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Body Mechanics

MARGARET FOX

Few areas in physical education have been taught for as
long a period of time as posture, yet the field of posture and
body mechanics has been relatively little explored by research
methods. Improvement in posture and physique was the major
objective of the early work in physical education. Yet, after
more than half a century, most of the teaching in this area is
still based on empirical judgment.

Interest in research in this area has declined in the past few
years. During the period 1930-39, 33 articles were published
in the Research Quarterly under the subject heading of posture.
From 1940.49, only four more additions were made to the
literature in that field in the Research Quarterly, and since
1949 very few such studies have appeared in the Quarterly. A
survey of medical journals also indicates little interest in this
area, except in foreign literature. Although most of the reports
that are available are not of a research nature, this does not
mean that all the problems are solved. On the contrary, work has
hardly begun.

PROBLEMS IN POSTURE MEASUREMENT

Some of the early work concentrated on the center of gravity
and its importance to posture. Reynolds and Lovett (23), Cure-
ton and Wickens (3), Elftman (4), and Hellehrandt and her
associates (8, 9, 11) worked out many of the techniques for
studying this problem. Fox and Young (5) applied some of their
techniques in determining the specific placement of the gravital
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line in the ankle joint and the knee. Additional work needs
to be done in this area in determining the placement of the
gravital line in relation to the joints above the knee in optimum
posture. Does the gravital line in anteroposterior standing
posture run anterior to the head of the femur, through it, or
posterior to it? In normal subjects, especially women, it is
difficult to determine landmarks at the hip joint, so it is probable
that determination of the gravital line would necessitate use
of simultaneous roentgenograph and center of gravity readings
similar to the method used by Fox and Young. The body seg-
ments above the hip also need investigation relative to the place-
mem of the gravital line. What specific body landmarks should
be in vertical alignment?
Posture Tests. Having determined where the gravital line should
lie in the individual with the optimum stance posture, the next
logical step is the devising of some workable test for measuring
deviations from that position. Although considerable effort has
been expended on the problem of measuring deviations, no com-
pletely satisfactory method has yet been found. Several objective
tests are available. However, there is usually some objection to
each of them.

Kellogg's test (16), which was one of the earliest, has been
used as a base for later studies. His method was based on a
series of angular measurements, but because it is an early study
the standards are inadequate and incomplete. Using a method
of angular measurements similar to those of Kellogg, Massey (19)
set up a test which he found reliable and valid. However, it
has been difficult to duplicate his results on other groups.

Mac Ewen and Howe (18) approached the problem from
another angle, that of measuring the depth of spinal curves.
The reliability of their method varied, depending on whether
duplicate or successive pictures were graded or on whether the
entire process of preparing the subject and taking the picture
was repeated. Although the method was carefully validated
on a single picture basis, Hellebrandt (7, 10) found that body
sway seriously affected reliability when pictures in a series
were compared. Low reliability would affect the validity of
the test. The Mac EwenHowe test also had the disadvantage
of requiring time to prepare materials for testing and for grad-
ing test results.
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Cureton, in collaboration with others (3), tried to overcome
these last objections by using the Conformateur and small electric
lights taped to the skin to indicate landmarks. Nine measure-
ments of segmental position, as well as center of gravity determi-
nations and foot measurements, were made by this method.

Despite these carefully planned tests, there is still no one
test which satisfies test criteria for antero-posterior stance posture.
To solve the problem, it appears that some method of measuri-g
segmental angulation will need to be used. Depth of spinal
curves as measured in the Mac Ewen and Howe method fails
to take into consideration real anatomical differences in the
shape of the vertebrae which, in turn, affect spinal curvature.
There are indications that variations in body build may affect
the depth of spinal curves also. Heredity also probably plays
a part in depth of spinal curvature.

Other problems to be solved have to do with finding easy,
quick methods of indicating body landmarks and with finding
what the critical landmarks are. The research on determining
external body landmarks would need to be validated by roentgeno-
graphs.

Sampling. Another problem which must he met in posture tests
is sampling. If the individual knows his posture is being evalu-
ated at a specific time, the sample may not be closely related
to his habitual posture and this is the position which is important.
It is impractical to ask an individual to stand fog a period of
time awaiting evaluation. On the other hand, we have no tests
of segmental alignment which can be applied wnile the individual
is moving. There are many complications in working out such
a test.

It seems likely that motion pictures would have to be used
or at least a high-speed camera which could "stop" motion.
Suggestions for using such equipment may be found in Chapter
5. However, equally important are such factors as using some
method to indicate body landmarks which will permit move-
ment and which will also permit the landmarks to be observed
from various angles. Electric lights require wires which are
cumbersome; adhesive tape tends to fall off and is not too
easily seen; skin pencil markings are not usually clear in photo-
graphs. Perhaps the use of some of the newer colored masking
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tapes may be the answer. Another complication is that of using
a skin marking to denote a deep skeletal landmark. Unless care
is taken to avoid moving soft tissue over the skeletal landmark,
these points may be very inaccurately located.

The arm tends to hide anything used to mark the hip joint.
To solve this problem, it may be necessary to locate that joint
by triangular methods, using landmarks which are observable
on silhouettes.

Still another problem may be the establishment of a true
vertical line of reference which will be available for comparing
deviations. Such a line should be observable in all frames of
a motion picture if that method is used.
Evaluating Dynamic Positions. It will be appreciated that, if
it is difficult to measure stance posture satisfactorily, it is even
more difficult, and certainly of greater importance, to measure
the dynamic aspects of body mechanics. Many of the same
problems present in measuring stance posture also exist in measur-
ing dynamic posture.

In addition, there is the problem of the constant change in
segmental relations of the body. What are the critical angles
between body segments? Are these affected by factors such as
flexibility and balance? If they are affected, how much should
be attributed to normal and how much may be considered a
deviation from normal? How can these critical angles be de-
termined? What body landmarks should be used? What is
the relationship between these angles?

For example, in stooping, what is the relationship between
the trunk and the thigh? How does this angle at the hip compare
with the angle between the thigh and the leg? Should the trunk
be parallel to the lower leg? What landmarks can be used to
establish the angles? All the above problems need to be in-
vestigated in this one activity.

Another problem is the selection of the critical tasks to be
evaluated in the test. This seems to be of lesser importance if
a method can be found to evaluate dynamic positions of the body.
It seems probable that photography will have to be used in the
early stages. But to be practical for use with large numbers,
some nonphotographic method is necessary. This should be
inexpensive and must not be timeconsuming if it is feasible to
usa with large numbers.
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OTHER BODY MECHANICS PROBLEMS
Although the measurement aspects of body mechanics loom

as the most pressing problems, there are other problems also
needing serious consideration.
Motivation. The problem of motivation is a serious one. An
individual may have the best instruction available in body me-
chanics, but if he lacks the motivation to practice the skills
the instruction may be fruitless. Few people have attempted
such research. Tate's study (29) indirectly approached this
problem by using motion pictures of students performing in
a test situation for study by the group. Although the photographs
were taken for evaluation purFoses, the students using them
improved more in body mechanics than students who did not
have such a motivational device. References to psychological
theories on motivation may o' e found elsewhere in this chapter.
However, there are no studies available of direct application
to body mechanics.

Motivational factors which warrant controlled investigation
to see which are the most effective include an appeal to the ego,
the effect of using frequent test situations, the use of competition
between groups, the usj of negative practice, and the motivation
of fear. The latter has been used fairly successfully commercially
by advertisers to sell their products. Such a motivational factor
is not without some foundation in fact in body mechanics, for
it has been stated by Shannon and Terhune 1,27) that poor
posture with increased lumbar lordosis and compensatory
kyphosis is the most common cause of chronic lumbosacral
strain. It is also importart to investigate at which age level each
motivational factor has the most influence.

Validation of Postural Movements. The most efficient methods
of lifting, pushing, pulling, stair climbing, and the like have been
snalynd khiesiologically, but such analysis has not been expert-
mentally validated in most cases. For example, authorities dia.
agree as to whether one should kneel beside or directly behind
an object to lift it. Should the housewife carry her basket of
clothes in front of her or beside her on her hip? The list of
body mechanics tasks to be studied is endless, and the only satis-
factoty way that answers to these problems can be obtained is
by studying these tasks experimentally.
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Stair climbing is ai..other area of controversy. Should the
whole foot be placed on the stair in ascending, or is it just
as efficient to use the more natural way of placing only the
ball of the foot on the step? This problem, as well as the otha
body mechanics problems, might be investigated on the basis
of energy costs as measured by metabolic equipment or gas
analysis, by measurement of the fatigue factor, or by electro-
myography. (See Chapter 6.) All three methods present difficul-
ties. Energy costs and electromyographic studies require special
equipment. It is extremely difficult to get a true measure of fatigue
in studies of that type. The individual tends to slacken his efforts
before true fatigue sets in. Strength measures tend to increase
after fatigue bouts because of the warm-up effect, although balance
measures do appear to be affected by fatigue.

Electromyographic studies of postural muscles in various move
ments have been done by Portnay and Morin (22). Their find-
ings indicate that electrical activity of the muscles varies in
different individuals. They also found that the muscles respond
when stretched, because of the diplacement of the center of
gravity.

Energy costs of erect versus relaxed standing postures need
additional investigation. Some early work in this area was done
by Hellebrandt and her associatep (6). McCormick's findings
(17) indicated that erect posture necessitated greater expenditure
of energy, but findings of British scientists (2) showed an in-
crease of 30 to 50 percent in energy costs when the subject had
to stoop to 80 percent of his height. While the average person
does not stoop that amount when in a slumped position, there
is enough of a question raised to warrant further investigation.
Relation to SocioEconomic Status and Health. The relation.
ship of socio-economic status and of physical and mental health
to posture is not known with any degree of certainty although
some investigation has begun along these lines. Moriarity and
rrwin (20) found that physical defeats such as disease, fatigue,
heart defects, underweight, and asthma occurred more frequently
among children with poor posture. Emotional disturbances mani-
festing themselves as self conscioutness, a tendency to fidget,
restlessness, and timidity were also more prevalent among chil
dren with poor posture.
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The actual relationship of mild depression or anxiety states
to posture needs documenting. Barlow (1) found that neurotic
people tend to sway more than normal individuals because
muscle tensions tend to interfere with their awareness of minor
degrees of sway which are normal. Whether other factors
such as slumping or excessively rigid, extended posturesare
associated with mental disturbances should be investigated.
Body Alignment. While body alignment varies normally from
individual to individual and during various periods of growth,
there needs to be a limit set beyond which certain body positions
would not be considered normal. The establishment of norms
for posture at various age levels would help in evaluating whether
lumbar lordosis, for example, may he considered normal or
abnormal for the age level under consideration. Some of the
other areas where age norms would be helpful are in positions
of the vertebral border of the scapula, the pelvis, and abdomen.
The knee region needs to have.standards set for the age at which
it would be considered abnormal for knock knees or hyper.
extended knees to remain. Longitudinal studies of changes in
posture from that of the child to the adult might be used to
establish norms for postural changes. It might be desirable to
correlate postural change with skeletal age, established by roent
genographs of the wrist joint.

At the other end of the age scale, in view of increased interest
in the aging population, it would be useful to know how much
the erect position of the body normally deteriorates. In this
same age range, a study needs to be made on the relationship
of joint disabilities and various chronic diseases, such as arthritis,
to poor posture. This might help provide motivational material
for use with younger age groups.
CarryOver Value. It has been assumed that there is a carry.
over value of training in body mechanics. However, no studies
investigating this premise have been published. Do the students
who have been subjected to courses in body mechanics demonstrate
bettet body mechanics and have less trouble with backaches from
postural causes? Are they less susceptible to injury from faulty
use of the body in lifting, carrying, and the like than their
contemporaries who did not have su_h training? What are the
needs of the various occupations that our students enter? Were
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they given adequate training in applying principles of good body
mechanics in unfamiliar situations? Answers to these questions
would assist in curriculum planning for courses in body me-
chanics.

Many Other Problems. There are other problems related to
body mechanics for which answers are needed. For example,
how much strength is necessary in the various muscle groups
involved in the maintenance of satisfactory posture' How does
strength vary with body build? How important is the developing
of strength in antigravity muscles? Do students usually have
enough strength? Is it a matter of motivation or kinesthetic
teaching for correct position as much as the development of
strength?

Many problems in body mechanics await the individual wishing
to do research, and many of the problems are vital to our welfare.

PROBLEMS OF THE FEET
Like posture, evaluation of the foot and its dynamics is a

difficult problem. Basically, many of the problems are the same.
Although it is believed certain deviations, such as pronation,
may have an effect on foot function, there is little objective
evidence for the beliefs. Feet which appear to deviate markedly
may be symptomless, while others which appear to be normal
may cause considerable disability because of pain or fatigue.

It is now known that height of the arch is not a satisfactory
method of evaluating foot function, for a wellmuscled foot
may have the arch area partially filled in by muscle bulk. Further.
more, the highly arched foot may not be functional from the
standpoint of withstanding long periods of weightbearing.

Causes of foot instability have been studied by Morton (21),
Jones (14), Willis (30), Keith (15), Steindler (28), and Schwartz
(26). Their theories on foot disability vary from insufficiency
of the extrinsic foot muscks to lack of ligamentous support or
to imbalance of the foot caused by shortness of the first metatarsal.
The deflecting of the body weight in the tarsal region of the foot
from the center of the talus through the calcarteus, which makes
its contact with the ground to the outside of the center line, has
been advanced as a cause for the rolling of the foot inward.

Studies of weight distribution in the foot while it was in
volvet: in walking'have been carried out by Schwartz (24, 25),



LABORATORY RESURCH 123

who maintains that muscular contraction alone cannot prevent
pronation and foot strain. He found that the posterior tibial
muscle does not reflexly contract to prevent pronation either in
stance or :n the stance phase of locomotion, although this muscle
is commonly accepted as having that function.

A very careful study of the axes of the ankle and foot joints
has been carried out by the British anatomist, Hicks (12). He
verified his findings on recently amputated specimens by roent
genographs of living subjects. In another study, Hicks (13)
states that the plantar aponeurosis is attached at the distal end
through the plantar pads of the metatarsalhalangeal joints to
the proximal phalanges. As a result of this attachment, when
the toes are forced into the extended position in standing on
the toes or in the pushoff phase of walking, the arch rises by
the ligamentous mechanism mentioned above without the direct
action of any muscles. This observation has import for planning
remedial work for the foot.

With basic disagreement among authorities on causes of foot
disabilities, it is apparent that there is room for much research.
Little is known about the relation of strength of the feet and
legs and the incidence of foot difficulties. One of the problems
has been how to measure strength of the 'ntrinsic foot muscles.
Inevitably, the strength of the leg muscles becomes involved in
such measurement. Strength may be measured by devices such
as the tensiometer, although it is difficult to use this device for
small muscle groups. Another measuring device which measures
finer units is the force indicator.

However, the measuring device is not the only problem. It
is difficult to isolate the small muscle groups so that the)' can
be evaluated. Electremyography or Schwartz' device (24, 25)
could also be used. A study needs to be undertaken to find the
relative strength of various foot and leg muscles in the painful
foot compared with the strength of these muscles in the normal foot.
This would then serve as a scientific basis for devising exercises
to strengthen the foot and leg muscles.

While most authorities accept pronation as a normal part
of the development of the walking pattern in children, there is
little agreement at just what age this should be considered
abnormal. Pronated feet are relatively common in teenagers
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and young adults who do not complain of foot disability. Does
this defect predispose them to foot troubles at a later age? No
ono seems to have tIle answer to that problem. How common
is pronation among the middleaged? Is it associated with
foot disturbances? What are the causes of pronation? Is it
an imbalance in the joints of she foot itself, a muscle imbalance
of the lower leg, or is it due t, Imbalance in the rotator muscles
at the hip? Does exercise have a place in correction of this
deviation and, if so, what muscle groups need strengthening?

There is also lack of agreement on when knockknees should
disappear and just what the developmental pattern is for use
of the foot and leg muscles. Study of the literature will reveal
other points of disagreement or uncertainty.

Fortunately, infectious diseases involving high fevers and pro.
longed convalescence Bre on the wane. We have been careful
to avoid exertion under these conditions to avoid straining the
heart and its valves. But the heart is n muscle. If it is weakened
under such conditions, might not the other skeletal muscles be
similarly weakened? A study needs to be made of the weakening
effect of disease and convalescence on muscles involved in posture
and the feet.
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Kinesiology and Activity Analysis
C. ETTA WALTERS
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Kinesiology, the science of bodily movement, deals with overt
human movement produced by the skeletal musculature and the
associated nervous system. Its object in physical education is
to explain human motor performance, co-ordination, and skill.
Undoubtedly, the primary contribution of the physical educator
to the study of motor behavior will be descriptive analysis. How.
ever, this descriptive analysis must be interpreted in terms of
such foundation sciences as genetics, anatomy, physiology, and
physics. These will be discussed here only briefly.

SCIENTIFIC FOUNDATIONS
Genetics (Characteristic Behavior). Similarities throughout the
evolutionary scale, rather than differences, appear to be the
rule in the neurological development of overt behavior. The
primitive sequence is muscle, motor fiber, and sensory fiber;
and the response to proprioceptive stimulation, produced by
changes in posture, precedes exteroceptive stimulation. Develop-
ment is seen to progress in a cephalic- caudal and axial to distal
direction; and evidence points to the fact that individuation
of movement arises from a total pattern response.

Coghill's observations (20) on the Amhlystoma, a relatively
simple and typical vertebrate, have provided extensive knowledge
of the development of overt behavior and have stimulated a
wealth of experimentation on other forms, including fishes, rep.
tiles, birds, and mammals. He studied both embryonic and
postnatal behavior. By cinematography he recorded the first
reflex and voluntary responses of the vertebrate and correlated
them with the growth and development of the neuromuscular
system. Hines (63) has studied similarly the development and
regression of reflexes, postures, and progression in the pre. and
postnatal monkey.

Minkowski (88) was one of the first to make a controlled
study of the development of human movement by stimulating
human fetuses. Hooker (65) and Wind le (122) have more
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recently analyzed ontogenetic development by this method.
Gesell's monumental studies (46) on infant behavior and de-
veloping patterns have furthered our knowledge of characteristic
human behavior, and Wild (121), in the field of physical educe-
tion, has studied the maturation of the overhand throw by cinema-
tography.

The works of Weiss (118) and Sperry (106) have elucidated
the role of the central and peripheral systems in the control
of movement. By the method of recombination of patterns
(crossed nerves and muscles) in lower vertebrates, they have
shown that the central nervous system (CNS) is not so plastic as
has been previously supposed and thet one movement 13 not
substituted for another by some sort of permanent switching in
the central pattern. It involves the participation of the higher
centers, which develop a new type of action.

Anatomy (Structure). In early studies, the action of muscles
has been inferred from the origin and insertion of muscles as
determined from cadavers. The limitations in relying on this
method are that one assumes a muscular action without con-
sidering the effects of other muscles acting on the joint or in the
movement. Duchenne (39) used the electrical stimulation method.
By stimulating the muscle under examination, he would note
the action produced on the joint or joints controlled by the muscle.
Although this method has advantages over the anatomical one
as deduced from cadavers, it does not tell us the influence of
the other muscles which may enter into the movement. It also
is a superimposed movement and does not consider the volitional
factor. While we have discovered from these methods what a
muscle can do, we are not told what it actually does do under
ordinary circumstances or in various positions and under different
conditions.

The functional anatomy of joints and ligaments rnst be
analyzed by methods other than the traditional ones of inf. ence
from cadavers. Cinematographic methods have helped to define
the action of different joints in movements. The part performed
by ligaments in the stabilization of joints is being re-examined
in light of new electromyographic evidence (18), which shows
that the ligaments play a bigger part in maintaining posture than
has been hitherto supposed.
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The muscle itself is being recognized more and more for the
complicated mechanism that it is, and the student of movement
analysis must keep up with the literature on the chemistry of
muscular contraction (111), blood supply to muscles, muscle
fibers, and the intricate nerve supply and how it influences
movement (81).
Physiology (Functioning). By means of microelectrodes in.
serted into muscle fibers and by contact with individual nerves,
Adrian and Bronk (1) aeveloped a method for the cellular
analysis of nervous activity. This consisted essentially of record.
ing the activity of a single neuron. Through the extension of
such techniques, we are learning much about the sensory control
of movement. The autogtnesis of muscular contraction and in
hibition, the double motor innervation of the muscle spindle,
and the integration of the supraspinal centers with tho spindle,
and thus with movement, have all been learned through such
methods (47, 82, 87).

Seyffarth (99) has shown that the same motor unit comes
into action in the same sequence when an identical movement
is voluntarily repeated many times. If the movement is varied
slightly, the motor units also vary. He hat pointed out that
two movements performed simultaneously are not a simple
summation of the movements, but involve a new synergy.

Bosnia and Gel lhorn (9) have stimulated the motor cortex
of monkeys and have recorded the electromyograms of the muscles
of the arm when it was placed in various positions and under
different conditions. Extending the study to include humans,
Cellhorn (45) has shown the importance of muscle stretch in
increasing muscular response, the effect of proprioceptior. on
movement, and the patterned response which results from different
degrees of stress and its dependence upon the type of movement
performed. Hellebrandt and others (53) have also demonstrated
the latter, and have shown the facilitatory influence of reflexes
on work output.

Penfield (91) has stimulated, under local anesthesia, the
cortex of conscious men and women, has reorded the ensuing
movement, and, as a result of extensive observation, has written
about the engrains of movement in the CNS.

By ablation experiments, in which various parts of the brain
and lower centers were extirpated, movement has been analyzed
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in terms of the contribution of various parts of the CNS (100).
A study of braindamaged and pathological cases has afforded
another means of attaining this objective (5).

By means of electrical stimulation of the bulbar reticular
system and the recording of electromyograms of selected muscle
groups, Magoun (85) has shown the importance of this part
of the brain stem in integrating movement and has provided
the rationale for understanding some of the reflex aspects of
posture and locomotion. These experiments have also helped
to explain the effect of emotions and excitement on muscular
performance.

In 1895, Richet (96) demonstrated that the soccer kick was
accomplished by a contraction bollistique in which the quadriceps
impelled, rather than dragged, the limb; and the actual blow
was effected by the momentum of the limb after the contraction
had ceased. The term ballistic has been used by some authors
to denote throwing and jumping movements, which are in a
sense ballistic, in that the body or an object is projected and
travels through space by momentum according to physical laws.
Rut the term as it was used by Richet and subsequent workers
refers not to the purpose of the movement but to the physiological
conditions under which the movement is produced and to the
nature of the movement itself. Although skilled throwing and
jumping movements are ballistic, a ballistic movement is not
a throwing movement, but a thrown movement in which the
limb is impelled, rather than pulled, by the driving muscle and
in which there is a momentum phase free of muscular action.

Electromyogrhphic studies of fast and slow movements, and
of movements produced with varying loads, show that the neuro-
muscular pattern varies according to the speed and the load (54,
10?). Some of the earlier works demonstrating this came out
of Stetson's laboratory at Oberlin. The results of these and
similar studies have changed our concept of the relationship of
agonists and antagonists in movement and have shown the fallacy
of attempting to analyze movement by anatomical facts alone.
They have also pointed out the wisdom of -' emonstrating and
of analyzing movement in the tempo at which it is to be executed.

It is common knowledge, and has been verified by energy
cost experiments, that it is easier to walk downstairs (legative



330 RESEARCH METHODS

work) than upstairs (positive work). In either case, the force
opposing gravity is muscular tension, and the muscula' tension
necessary to maintain the body in motion at the same speed
must be the same, whether the movement is uphill or downhill.
Thus, for an explanation, we must look to muscle physiology.
The lengthtension diagrams, in which tension of isolated or
whole muscles is recorded for the muscle at varying lengths,
has been studied by Blix (8) and others (60, 92). This gives
us some basis for judging the muscle's capacity for producing
tension under different conditions. Mix found that tension in
creases when a muscle is stretched during an isometric tetanus
to values well above those of the isometric maximum, and when
a muscle shortens during tetanus its tension falls far below the
tension of the isometric maximum. Thus we see that, if a muscle
shortens during contraction, there must be an increasing number
of active fibers brought in to maintain the tension of the whole
muscle, while a muscle which is lengthening during its con
traction must have an increasing tension built up in each active
fiber, with a subsequent number of active fibers decreasing during
movement. Although many have studied the effect of positive
work, few have studied negative work. Chauveau in 1896 (16)
was one of the first to do so. This is a relatively untouched area
in kinesHogy, and yet the implications for using a movement
involving negative work, which at low and moderate velocities
of shortening has been shown to be onethird to oneninth that
of positive work, wt' ' further investigation (4).
Physics (Mechanics: girlies). Human movement, as move.
ment, involves principles of mechanics (3, 48, 66, 83), the
branch of physics which is concerned with relations of mass,
space, and time. (See black, 7.) From a mechanical stand.
point, human Movement may be considered as some mass moving
through some space at some rate, or as displacement with respect
to time. Thus, much human movement and many athletic per.
formances may be considered as essentially the application of
internal, controllable forces to man's center of mass in order
to overcome (temporarily) the resistance of constant external
forces, such as gravity, and to produce some translation or rota.
lion of the body. The Webers in 1836 (11 ?) considered human
locomotion as the result of simple pendulum movements of the
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limbs. Braune and Fischer in 1885.95 (11) showed that the
force of gravity was insufficient to produce the acceleration of
the limb observed in walking, and established the basis for com-
puting the human center of gravity.

It is customary to divide mechanical analyses of human move-
ment into two general classesexternal and internal body me-
chanics. Analyses of man's effectiveness in overcoming external
resistance in order to propel himself or some object are con-
sidered studies of external body mechanics.

Human movement also has an internal mechanical aspect,
since anatomical relations are essentially mechanical and the
tissues are structural material. Analyses have been made of
the mechanical action and interaction of bodily segments. As
examples of such studies of internal body mechanics involving
movement, those done by Fenn (41), Elftman (40), and Steindlei
(108) could be cited.

METHODS AND DEVICES FOR MOVEMENT ANALYSIS
This is not meant to be a detailed list of all methods and

devices used in the analysis of movement. It is a brief recapitula-
tion of the methods, as reported in various studies, which the
physical editcation graduate student and beginning research
worker might employ.
Photography (26, 51). This is one of the most widely used
methods in the study of movement. It includes cinematographic,
stroboscopic, and X-ray analyses. The method is well covered
in the section on Photography in Chapter 5, and the reader is
referred to that section for a detailed description of equipment
and method.

While cinematography may be the medium for obtaining a
record of the activity, considerable study is necessary in the
analysis obtained from the picture. There are various methods
used in this analysis.

In 1925, A. V. Hill (61) pointed out that the ordinary laws
of mechanics were applicable to all types of jumping, and since
that time the majority of studies have made use of these laws
(27, 28, 44, 72). Cureton (27), in particular, applied the
physical laws of projection to high jumping and broad jumping
and showed that any jump could be analyzed in terms of (a)
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initial take-off velocity, (b) angle of take-off, and (c) time in
the air. These values, when substituted in the following equa-
tions checked very closely with the actual distance of the jump.

Height of Jump = V, in lf2 gt2
(in feet)
Distance of Jump = V, cos 8T
(horizontally)

= initial f.ske-off velocity
= angle of take4off, center of gravity to block

T = time of flight in sec.
t = 1/2 time of flight in secs.
g = 32.2 ft. /sec.=

Patterns of movement hive been studied by photography.
Wild's study (121) is an example of methods used in studying
characteristics and temporal relationships and velocities of
different segments of the body at various stages in the develop-
ment of the overhand throw. She analyzed her film by measure-
ment of actual distances traversed by the ball in a given period
of time; by verbal description of the photographed movement;
and by tracing positions of the body, arm, and hand at crucial
stages of the throw. By putting all movement and timing items
of each throw into the proper age list, she was able to show
patterns of the various phases of the throw, the whole throw,
and characteristics of ages and sex. Zimmerman (123) studied
the movement of the center of gravity and the leg and arm
movement patterns in skilled and nonskilled college women in
the standing broad jump. The amount of flexion and extension
of various joints, as well as the duration of the movements, was
measured at various phases in the jump.
Time Analysis. The timing of reflexes, reaction time, and speed
of movement is a method whereby movement may be analyzed.
It is definitely used in cinematographic analysis and is necessary
in almost all methods in which movement is recorded. For a
description of timing devices, Chapter 6 on equipment should
be read. Specific studies, especially those reported in the section
below on research in fundamental activities, give methods using
these devices. Bowne (10) constructed an ingenious timing
device for her study in the underarm throw. It can be readily
made at a low cost.
Movement Recording Systems. Attempts to record normal hu-
man movement have employed lever systems, which have not
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proved very satisfactory. Hubbard (68) has used thread and
rubber band systems successfully. They produce time displace.
ment or velocity curves without radial distortion. While the
beginning research worker should be aware that there are such
methods in studying movement, they are perhaps more appropriate
for experienced investigators.

Muscle Action Recording Systems. Several methods and de-
vices are used in recording muscle tension, strength, force, and
endurance.

Muscle Tension. Muscle hardening (deformation or bulge) has
been used as a basis for determining the presence or absence of
muscular tension during certain periods of a movement cycle
in several studies of normal human movement by Stetson and
Bouman (109) and Hsibbard and Stetson (69). There are two
methods of picking .p the evidence of muscle hardening, but
both depend on transmitting this evidence by means of an air
column enclosed in rubber tubingpneumatic recording. Since
the air column is at or near atmospheric pressure, an average
correction of milliseconds for each foot of tubing is subtracted
before relating the tracing to the movement tracing (13). The chief
difference in the two methods is the type of applicator used.

One type of applicator is similar to a Marey tambour, but
it is smaller and has no lever system. The applicator consists
of a light cup with a condom rubber diaphragm to which a
small cork boss is cemented. When the applicator is taped
securely to the skin over the muscle, the elasticity of the rubber
diaphragm forces the cork boss into the skin and deforms the
underlying muscle slightly. As the muscle hardens, the boss
is forced out and displaces the diaphragm (70).

The other type of applicator consists of a small cup with
no diaphragm, which ie held firmly to the skin over the muscle
by the negative pressure (suction) of a siphon aspirator. The
suction draws the skin slightly into the cup; when the muscle
hardens, the skin under the applicator tends to flatten and this
change is transmitted through the pneumatic system to a re-
cording pneumodeik. The pneumodeik, in this case, must either
be built to withstand negative pressure, or a septum must be
placed between the aspirator and the pneumodeik.
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The recording pneumodeik by Hudgins and Stetson (70)
is an improvement of the familiar Marey tambour. It is designed
for kymographic recording, but can be adapted for oscillographic
recording. Brown (13) has discussed some of the technical
aspects of pneumatic recording systems.
Muscle Activity. Action current recording deviceselectro-
myography (6, 35, 45, 115, 53, 54)record muscle activity.
An electromyogram is a recording of the electrical activity in
a muscle. Since a normal muscle displays electrical silence at
rest, the presence of electrical activity in a muscle denotes activity.
Surface electrodes are more suitable for measuring activity in
kinesiological studies than needle electrodes. The latter produce
insertion activity and cause pain upon movement, thus introduc-
ing a variable factor. Action potentials of the muscles can be
recorded on an oscillograph or on paper by an ink-writing
dynograph or crystograph. The latter is probably the most
useful and widely used recording method in movement analysis.

Electromyography cannot be used to determine the tension
of inaccessible muscles, and one must view with caution the
results when proper procedure and analysis have not been made
in accordance with the limitations of the method. It does afford
a means of studying temporal relationships of muscles and
agonist-antagonist relationships. With improved techniques
brought about by better equipment, it will probably be one
of the most valuable aids in the study of movement analysis.
Like all other methods of kinesiological analysis, it is improved
by using other methods in combination with it. Hellebrandt
and others (53) have used it in combination with photography
and ergography. Electromyograms were recorded as the in-
dividual performed bouts of wrist flexion or extension on a
wrist ergograph. The work output was recorded objectively from
the ergograph, and correlated with the integrated sine wave
microvolt output of a selected muscle. Serial 35mm photographs
were taken of the subject and subjected to analysis in a micro-
film reader. Analysis of the photographs with the electromyo-
grams and the ergograms gave data necessary for a more ade-
quate analysis than would be possible with electromyograms
alone.

Chapter 6 on equipment gives a more detailed description of
equipment needed in electromyographic analysis.
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Muscle Strength, Force, and Endurance. Dynamometers, strain
gauges, tensiometers, ergographs, and similar instruments have
been used to measure strength and endurance. While much
research in this area belongs the section on physiology,
the factors affecting movement have been analyzed by instru-
ments and devices used to measure strength. Clarke (17) has
used the tensiometer to measure strength of selected muscle
groups before and after participation in certain activities, and
from this he has determined the muscles used most in the activity.
Hellebrandt (52) has used the ergograph to study the effect of
alternating and reciprocal movements on work output and thus
on movement efficiency. For a description of the use of force
plates in studying movement, the reference by Rehman and
others (95) is suggested.
Globographic Technique. Dempster (37) describes a method
based on the Albert-Strasser globographic techniques of measur-
ing joint movements in cadavers and suggests that this method
might be used for study on joint analysis in the living.
Comparative Anthropometry. (See section above on anthro-
pometry.) One can, by statistical analysis of physical character-
istics of highly skilled and average performers, determine the
physical characteristics which are conducive to superior perform.
ance. Krakower (80) used this method in assessing anthropo-
metric measurements influencing success in the high jump. He
correlated the length of the legs, height, and breadth of the
foot with high jumping. The length of the leg was considered
in proportion to the length of the trunk. By a comparison of
such relationships, he was able to show that every goad jumper
was shorter in height than would be expected from the length
of legs and breadth of foot.

Watson (116) studied the relationship between throwing ability
and certain body measurements in college women. By means
of individual and multiple correlations, she demonstrated that
there was a very low relationship between the ability to throw
a baseball and body measurements in the subjects of her study.

Energy Cost. (See the section below on physiology.) The
efficiency of a movement can be measured by the oxygen
cost of the activity (23). While certain playing situations do
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not lend themselves to this method, it has been used in a variety
of activities (15, 62, 76).

Asmussen (4) has studied the energy cost in positive and
negative work by investigating bicycling uphill and downhill
on a motordriven treadmill. By using this method, the zest
of the work can be measured by means of a Douglas bag and
the work may be varied by changing the slope or speed of the
treadmill. The conditions under which the muscles work can
be varied by changing the rate of pedaling or by changing the
length of the pedals and by varying the height of the bicycle
seat. This affords a method of controlling some of the variables
which are present in the investigation of treadmill walking.

RESEARCH IN FUNDAMENTAL ACTIVITIES
Mechanics of Starting in Track. Experimental studies on track
starting represent a special type of research, the result of which
may be applied to the initiation of movement in many activities.
Most of the early studies were conducted during the 1930's.
Several types of timing devices were used lry these early in-
vestigators the chronograph, chronoscope, electrically operated
stop watches, and especially devised photoelectric beams and
switches.

Some chronophotographic devices have been used in top
co!Iegiate and Amateur Athletic Union track meets. However,
they have been used for the purpose of recording the exact time
for running the distance and not necessarily for research purposes.

Probably the most practical method of timing is by cinema-
tography. Most cameras are either spring driven or electrically
driven. A springdriven camera does not run at a constant speed,
owing to the decrease in tension on the spring as it unwinds.
However, time may be recorded on the film by means of an
electric clock, a synchronous motor device, a tuning fork, or
falling objects. The electrically driven camera runs at a con-
stant speed, and time may be computed by the speed of the cycle.

A phonograph motor is an example of a synchronous motor
that may be used as the basis for constructing a timing device
that may be used in cinematography. An especially constructed
dial with a pointer or hand may be used to determine time. The
angles the pointer makes must be computed in order to determine
time accurately.
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A camera with a speed of 64 frames or more per second
produces the best pictures for purposes of analysis. Reasonable
accuracy may be obtained by merely counting the frames and
computing the average time for each frame. The flash of the
gun or the movement of a starter's hand downward, compared
with the first movement of the runner as shown on the film,
makes it possible to determine the reaction time of the runner.

A Recordak film reader may be used to study the results of
action recorded on film. This is a device tt at enlarges the
image many times its original size. It may be run at a very slow
or fast speed. The investigator may trace, record, or make
various measurements as he views the film.

Most of the early investigators used improvised electrically
devised starting blocks and various kinds of timing circuits in
securing their results. Some examples of the areas they in-
vestigated are included here. Nakamura (90) and Walker and
Hayden (114). attempted to find out the optimum length of time
a sprinter should be held at the "get set" position. Westerlund
and Tuttle (119) investigated the relationship between reaction
time and speed in sprinting short distances. Dickinson (38)
studied foot spacing at the start in relation to sprinting. Kistler
(78) made a study of the distribution of force exerted upon
the blocks from tarious foot positions. Others such as White
(120) studied the effect of hip elevation on starting time.

The most recent studies (19, 24, 50, 55, 56, 57, 58) corroborate
some of the earlier findingn, contradict others, and bring to light
new evidence. For example, foot spacings and foot arrangement
at the start (24, 50, 55) were reinvestigated, as well as reaction
time in reference to speed in running (25, 58). Also, the old
theory that the "motor set" concept produces the fastest start
was disproved by Henry (56).

The recent studies by Henry (55, 56, 58) made use of a
chronograph with starting blocks constructed with calibrated
springs attached to recording pens. The apparatus was designed
to study lime-force characteristics of the runner at the start.
Cooper and others (24, 50) used the same chronograph and
later used specially designed hydraulic starting blocks that
measured force. The blocks were connected with an electrical
starting and stopping system measuring time by a clock in one
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one-hundredths of a second. Both force and time wIre recorded
through the use of a special Bell and Howell camera designed
w take pictures at the rate of 128 frames per second.

Mecknics of Running. Running is involved in almost every
sport in which man participates, but there is some difference
in the manner and style of running for track and for football.
However, when fast sprint running or slow endurance running
is desired, the form of running is essentially the sante for every
sport or activity.

The mechanics of running have been of interest ever, before
Homer wrote of Achilles and his quickness of foot. Father
taught son in the early dawn of history how to run for escape
or capture.

In 1836 the Weber brothers (117) in Gottingen established
with crude methods that the faster a man runs, the longer his
stride becomes. Marey (86) and Demeny (36) proved this in
France by using an improved photographic analysis.

Hill and Lupton (62) measured the speed of runners at inter.
vals along the track, computed acceleration from the time records,
and demonstrated the relationship between oxygen required and
speed. On the basis of oxygen used, they were able to compute
the foot pounds of work done and the mechanical efficiency of
runners. Hill (59) applied the locomotion formula (Mass times
Acceleration = Propelling Force Resistance) to illustrate
that the viscous resistance of the muscles and joints is the principal
factor limiting the speed of the limbs in top-speed sprinting.
He later modified his position concerning the importance of
muscle viscosity.

Fenn (41, 42, 43) performed several studies on the center
of gravity, work, kinetics, and friczic it in running. His cinemato-
graphic analysis at 120 frames per second is one of the most
scientific of the recent studies. In this he demonstrated that a
good sprinter developed about 13 horsepower, of which some
5.2 could be attributed to the initial energy and 7.8 to waste
in recovery. Only 2.95 horsepower could be attributed to useful
work directly related to propulsion, equivalent to 22.7 percent
efficiency as a ratio of useful to total work. Wasteful work
included work against gravity, wind resistance, ground contact
resistance, and recovery energy associated with nonpropulsive
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limb movements. Fenn used a telephoto lens to reduce error
of measurement, with the rine:er photographed against a back-
ground of lattice having squares one meter in size. Fischer's
method was used to compute the center of gravity location pro-
gressively throughout the cycle. Fenn constructed a fast contact
platform to show the component of retarding force graphically.
He attributed the difference of .16 horsepower between contact
and propelling energy to wind resistance.

Cureton (34) diagrammed the various styles in vector analyses
and explained the action of the muscles in running based upon
a review of various studies made by him and his students.

In a study of wind resistance (33) with a direct recording
model of a man, mounted on the front of an automobile, a
velocity versus air-resistance curve was developed. The effect
of airresistance was shown to approximate 2.8 percent of the
propelling force at 30 ft./sec. An average sprinter running
against a headwind would be slowed .57 sec. The power was
calculated as .195 horsepower to overcome airresistance on a
quiet day.

Hubbard (67, 68) demonstrated in a combined movement
and muscle action study that the "ballistic throw" of the limbs
was used by trained runners and, as a result, they ran relatively
more relaxed than the untrained runners.

The fact that the legs can altendate in cycling at a rate con-
siderably faster than the fastest attained in sprinting, as confirmed
by Slater-Hammel (102), indicates that the speed of the neuro-
muscular mechanism is not the factor that limits leg speed in
sprinting.

Running may be studied in many ways. The treadmill may
be used to record work and, as a result, endurance. The energy
output can he ascertained by many methods that f re in the
section on physiology. The results of such studies, fdr example,
reveal the relationship between energy and speed in horizontal
running.

Some of the same pieces of research equipment previously
mentioned as being used in track starting have also been used
in studying running. Henry (58) attached a thin wire from
a roll to the runner and, with the use of his specially designed
chronograph, was able to determine the runner's speed at any
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given distance and time from the start to the finish of a race.
Electrically wired gates connected with a clock and a recording
device enable the investigator to determine velocity, acceletatien,
and deceleration in relation to the distance traveled. The tame
information may be secured by using specially devised photo-
electric beams and switches. Force plates such as used by
Rehman, Patek, and Gregson (95) ;n studying gait could be
used to record pressures exerted by the foot against the ground
in running.

The method of taking Xray motion pictures of walking (94)
may also be used for studying running. The problem would
be to construct a large enough screen and running track to
be able to ret;ord the movements accurately.

The length of stride may be easily measured by marking off
certain standard distances on the ground. It is easy to plot the
footprint distances. Covering the runner's feet with chalk enables
the experimenter to determine the length of the stride more
easily. Collins (21) measured the stride of the runner on
the treadmill by placing painted bands known distances on the
tread. Hogberg (64) studied length of stride, stride frequency,
flight period, and maximum distance between the feet during
running with different speeds.

Cinematographic analysis of the movement of the center of
gravity will be enhanced by making special markings on the
subject's hip and using a grid background such as Fenn used (43).

The recent research on warmup by Karpovich and Hale (75)
raised some questions concerning the long accepted value of a
warmingup prior to running. More investigation of the topic
with more subjects and in many movement experiences is needed.

Physical education students should continue to be challenged
by the possibilities of attempting to find out why man moves
as he does in speed event% and how he may improve his methods
of overcoming his own inertia. A knowledge of track running,
adequate subjects, proper instrumentation, and better treatment
of data will help in the conduct of such experiments. Even if
no new methods are discovered, the substantiation of pre ious
findings alone is justification for periodic research being .on
ducted in this area.
Analysis of Human Locomotion (Walking). The first studies of
human locomotion were morphological descriptions of the gait.



LA1ORATORY RESEARCH 311

An excellent summary and synthesis of these early studies which
are basic to modern concepts of the mechanical analysis of human
locomotion are found in the section on the gait in Steindler's
scholarly work (108) on kinesiology. Steindler pre,ents a de-
tailed morphological description and graphic presentation of
the gait, as well as analyses of various types of pathological gaits.

The earliest aid to the objective analysis of the gait was
photography. By means of cinematography, it iJ possible to
record the sequence, duration, and synchronization of each phase
of the walk or gait. These exact recordings of the movement
patterns in locomotion make it possible to determine extensive
and detailed measurements. For example, Huelster (71) used
photography as the basis for determining the reliability of lateral
deviation during the supporting phase of the walk. Bilateral
contour asymmetry measurements were made on uniformly en
larged photographs from selected troti.q picture Lames. Slocum
(105) used stroboscopic photography to analyze the gaits of
various types of leg and font amputees.

Morton and Fuller (89) used motion picture photography
combined with barographic studies to analyze movements of
the center of gravity of the body with relation to supporting
contacts of the feet. The barograph makes it possible to measure
the length of time the foot is in contact with the ground. Con-
tact indicators show by electric lights when the heel or forepart
of the foot is in contact with the ground and when this contact
or pressure is released.

It is also possible by use of the barograph or electrobarograph
(98) to study pressure forces involved in the walk. By means
of carbon discs with isometric sensitiveness, it is possible to
make direct measurements from pressure curve diagrams of the
distributin of gravitational reaction from the floor in nor,tal
and pathological gaits.

Myokinetic studies of the gait have been comenied with the
establishment of patterns of sequential muscle action of the lower
extremities. The first studies used gross palpatory methods to
determine which muscles were contracting. More recently, electro
myography has made the analysis of contraction patterns and
sequential action during the gait more precise.

Extensive research conducted under the direction of the Na.
tional Research Coundl's Committee on Artificial Limbs (79)
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has developed various methods of analyzing both normal and
pathological gaits. One phase of this study was designed to
obtain data on locomotor patterns of both the normal subject
and the amputee. These particular studies were concerned with:

1. Displacementtime data obtained by the use of an interrupted light
technique and used to determine the velocity and acceleration
of any point on the leg

2. Analysis end comparison of various gait patterns using cinema.
tography and a newly developed glass walkway

3. A study of foot pressure patterns using a barograph in connectior
with the glass walkway

4. Evaluation of the gait of the amputee by means of high speed
motion pictures

5. Measurement of forces acting upon the leg during locomotion
by means of force plates which measured vertical load, foreand
aft shear, lateral shear, and torque

6. Analysis of the rotation occurring during locomotion by means of
photographic records of movements of targets attached to specified
points on the legs.

RESEARCH IN MECHANICS OF SPORTS ACTIVITIES
The research worker who attempts to analyze skillful per.

formance in sports is faced with both the problem of the neuro-
muscular responses and coordinations and the problem of under.
standing and correctly applying certain mechanical principles.
The analysis of motor performance may be approached from
either of these aspects, or from both.
Swimming. Much of the research in swimming has been con.
cerned with the propulsive forces which cause the body to move
through the water, the resistance to this progression, and the
buoyancy of a body in the water.

Alley (2) has classiSed studies of resistance and propulsion
in swimming into four general categories. First, there are those
studies which measure "drag" or the resistance offered to a
boiiy as it is towed through the water at varying speeds (74).
The second group contains those studies in which the propulsive
force of the swimmer is measured. In this procedure the velocity
is zero, since the measuring devicean arrangement of ropes
and pulleys attached to weights, spring scales, or dynamometers
prevents the swimmer from actually making progress (27). The
third category includes studies of maximum speed attained by
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the swimmer as related to resistance and propulsion (73). The
last group of studies includes those which are primarily theoreti-
cal in nature and which make use of formulas from classical
hydromechanics (76). Included in this latter group were those
early studies that first used vector diagrams to analyze water
resistance into a supporting component of force and an impeding
component of force.

The construction and development of various devices to
measure resistance and propulsive forces have made possible
definite advances in the scientific analysis of swimming mechanics.
Alley (2) and Counsilman (25) de,eloped and used similar
towing devices to investigate the problems of water resistance
and effective propulsive force. In the first study, the towing
apparatus was constructed so that it controlled the velocity of
the swimmer attached to it and simultaneously recorded on a
kymograph the force exeecd by the swimmer as he swam away
from the apparatus or was towed toward it. From the data
gathered it was possible to analyze the effectivepropulsive force
of various types of strokes. The towing apparatus used by
Counsilman was designed to allow the attached swimmer to
be towed or released at ten controlled velocities. It was possible
to measure and record the diag, the effective propulsive force,
and the fluctuation in propulsive force of the crawl stroke at
each of the controlled velocities.

Studies on swimming starts have followed much the same
patterns as those used in studying starting in track. In both cases
the investigators have used cinematography and mechanical
methods of analysis extensively. Cure ton (31) used electrical
starting blocks to determine which type of start was most satin.
factory in speed and distance of dive. Tuttle, Morehouse, and
Armbruster (112, 113) found that the starting blocks were a
disadvantage to welltrained swimmers. 'These studies and others
have also attempted to establish the optimum holding time be-
tween the "set" and "go" signals.

Research on the specific gravity and buoyancy of the human
body has helped to contribute to the understanding of how
and why the body moves in water as it does. Mani of the bask
principles of specific gravity and buoyancy have been applied to
modern floating and swimming by Cureton (30). A study of
the floating ability of college women by Rork and Hellebrandt
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(97) included tests for specific gravity, buoyancy, and equal.
brim in the water.
Gymnastics, Apparatus, Tumbling, Diving. Most of the re
search in the area of gymnastics end tumbling has been con
cerned with mechanical analyses of the various stunts. An early
German book on gymnastic stunts and sports included a discus.
don of principles of inertia, gt.avitation, motion, force, center
of gravity, equilibrium, centrifugal force, leverage, wheels and
pulley, shafts and revolutions, eccentric push, friction, and re.
sistance as appliecl to gymnastics or sports.

In his laboratory manual, Cureton (32) outlined procedures
by which Itudents in physical education could make application
of mechanical principles to gymnastics and other sports. The
deductive application of n:echanical principles to gymnastic
activities has been made by Mc Cloy (84) and has led many
students of gymnastics to make cbjective studies of these stunts
and activities. Bunn (14) in his book on the application of
scientific principles to coaching has made mechanical analyses
of certain gymnastic exercises, as well as various sport activities.

Cinematography seems to be the most satisfactory method for
studying and analyzing performance in gymnastics: apparatus,
tumbling, and diving (49).
Sports and Other Activities. It is exceedingly difficult, if not
impossible, to analyze sport skills during the actual playing
situation. To make an analysis, the researcher must isolate the
skill from the game, either in the laboratory or at least under
laboratory controlled conditions.

Cinematography and stroboscopic photography have been used
in studies of sport skills as well as in research on track events,
diving, and gymnastics. Through stroboscopic photography
Railing (93) analyzed the golf drive of a number of expert
golfers to determine what factors such experts had in common.
He also calculated the velocity of the ball from these pictures.

Breen (12) used cinematography to analyze the pitching form
of a number of major league pitchers. In this study the investi.
gator was able to determine and compare the angle of the arm
at the time of the release of the ball, the length of the stride,
the angle of the /Aching arm, the optimum height of the lead leg,
and the angle of tho leg at the time the ball was released. Bowne
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(10) described the torque action of the prirwipal joints in the
overarm and underarm throwing patterns of high school girls.
She points out the importance of trunk rotation in the transverse
plane. This torque action of the principal joints in batting has
been described by Conrad (22).

Electromyography has been used increasingly to determine
the muscle patterns of a variety of sport movements. Slater-
Hammel (103, 104) has analyzed the golf swing and tennis
drive electromyographically. In both these studies, action
current technique was used and recordings were made of the
arm movements, the moment of contact with the ball, and the
action currents of the muscular contractions. The path of the
movement was recorded by means of a light glass thread and
rubber band system. A photoelectric system was used to record
the moment of contact with the ball. The data from all three
phases were recorded simultaneously on a Teledeltos Polygraph.

In a subsequew electromyographic41 study of the golf drive,
Karr (77) obtained high-speed, multiple, and simultaneous re-
cordings of muscle action, acceleration, and movement patterns.

Walters and Partridge (115) used an eightchannel ink writ-
hi); Offner crystograph to make simultaneous recordings of
abdominal muscles in their comprehensive electromyographical
study of abdominal muscle function. Paired skin electrodes were
used to make detailed and extensive observations on the abdominal
muscle actions during a number of exercises co:nmonly listed for
strengthening the abdominals.

In a study by Sigerseth and Mc Cloy (101), the functions of
six muscles in movements of the upper arm at the scapulohumeral
joint were investigated. The action potentials of the selected
muscles were recorded by a fourchannel Grass electroencephalo-
graph equipped with four inkwriting recorders. Paired electrodes
were used to record the action currents of each of the muscles
being studied.
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Methods of Instruction

M. GLADYS SCOTT

Why should the researder be concerned about teaching
method? Has not each teacher received the traditional instruction
on how to present activity and develop skill in his respective
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specialties? Is not the good teacher alert to success and lack of
it and thereby through experience is he not developing an optimum
method for himself? Does not the learning process remain
unchanged even though this is a changing world?

All the above points may be true to a certain extent. However,
teachers are faced with ever increasing numbers of students and,
in general, larger classes. The work of the educator is being
scrutinized as never before, and any area of education which
does not have a clear.cut goal and an efficient method of working
toward it is going to find itself deleted or under extra pressure
to produce results.

The teaching of physical education today varies from excellent
to poor. Some teachers are not even aware of what their results
are and how much improvement could be made. They are so
conditioned by habit to certain practices that they just do 1 of
try new approaches.

The best results can be achieved only in terms of continued
critical evaluation of experience, use of all factual and other
data, and, above all, objective research :n pursuit of the techno-
logical application of recognized principles on modification of
human behavior. Research is an important ingredientthe leav-
eningfor this process of improved teaching method. Therefore,
it is important that every teacher work directly in this process
of study and experimentation on learning.

Unfortunately, too, there is an insufficient amount of objective
evidence for us to rely upon as a substitute for this self-help.
Kretchmar (10:245), writing in 1949, said, "Research has barely
begun on the heart of learning and teaching problems" The
work of another decade has not changed that situation signifi-
cantly. Method is here construed to mean not only the process
of presenting concepts and guiding the learner to some reaction
to the situation, but the whole process of organizing the learning
environment, of determining the curricular goals, and of planning
the sequence of experiences which we sometimes refer to as
progression.

Let us consider some of the problems which might be studied.

INDIVIDUAL DIMItENCES
Teachers learn about the existence of individual differences

but what do they do about them? An excellent review of assessing
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individual differences can be found in Frandsen (6: Chapters
12 and 13). The schools have accepted the principle of the
"opportunity room," remedial reading, remedial speaking, special
schools for the physically handicapped, special teams, and op.
portunities for the highly skilled. Why r,ot special classes for
the "motor retardees"? They too can be helped. The efforts
to !ate have been primarily at the college level, as for example
Lafuze (11) and Broer (1). Persons with low motor skills
should be recognized early and given special help. Instruction
should be on a preventive rather than remedial basis.

Lafuze (11) has demonstrated that separate classes for the
less skilled taught in the same way as for the more skilled are
not the best method. It is necessary to adapt teaching techniques
to the level of ability. Further work should look toward optimum
methods for these slow learners.

The research steps here can include a creative analysis of
needs and development of modified learning experiences. Then
a controlled experiment such as is outlined in Chapter 10 will
determine the rn- tits of the teacher's hunches, dreams, and
new ideas.

Another approach to individual differences is by way of
measurement and cbjective determination of various abilities.
Tests may Le selected from the literature or developed to meet
a specific need according to the method outlined in Chapter 8.
Again, in development of new measuring devices, the teacher's
creativity is challenged.

After capacities of the individual students have been measured,
various steps may be used for effectve followup efforts on
learning. Achievement scales may be constructed, or profiles

repared for each student, or graphs drawn for the performance
of the class. (See Chapter 7.)

The possible processes of interpreting the test results to the
students may be appropriate variables for another controlled
experiment. The reaction or attitudes of the learner may provide
an opportunity to use the attitude scales (Chapter 5) or socio.
metric interaction As a part of the outcomes of one or more of
the above experiments.

Additional studies would be helpful comparing the learning
rate of groups which differ in learning capacity. Equally valu
able would be a comparison of effectiveness of a given method,
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of optimum length of lessons, of frequency of practice, of socio-
metric status, of associated capacities and interests of these diverse
groups.

METHODS OF TEACHING-LEARNING
The classroom, which should be the site of constructive experi-

mentation, is a realistic laboratory where the variables of method
may be applied one at a time and with appropriate subjects.
These variables may be those based on psychological precepts,
or variations in practice and experience, or means of acquiring
concepts and motor co-ordinations as expressions of those con-
cepts. Classroom experimentation is a necessary supplement to
experiments on animal or human learning in the laboratory on
selective tasks as individual learners.

The psychological guides or laws of learning lead to establish.
ment of different methods of teaching. The classic debate over
the merits of the part method vs. the whole method is well known.
It leads on the one hand to a premise that drill on carefully
selected details, to be put together after perfection of each, is
the route to learning. It is in contrast to the premise that a skill
is a unfied whole to be comprehended mentally, hied until the
complex pattern emerges as a co-ordinated, functional perform.
ance. This illustrates the importance of a working hypothesis, a
philosophical foundation on which the creativity of the design
springs up.

Studies may be found on either the part or the whole method,
or various adaptations of one or the other. Part learning tends
to develop ability on each part, but in the case of a complex
skill there is usually difficulty in trying to put the parts together.
Knapp and Dixon (9) showed the whole method superior in
learning to juggle. Lambert (12) found interference from learn-
ing each hand separately on a two-handed manipulatory skill.
The logical conclusions would seem to be that the appropriate
method will vary with the complexity of the skill to be learned
and with the mechanics of the skill to be learned.

The working hypothesis would seem to be based on answers
to questions such as the following. These should be carefully
considered by any investigator in the realm of part-whole methods.

1. What is an identifiable whole?
2. Is that whole mechanically possible. in separate parts?
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3. What alterations are made by dividing it into parts?
4. What similar skills does the subject know which may serve as

a substitute concept and neuromuscular pattern?
5. Are all ability levels going to espond in the same way to the

units or parts or whole presented?
6. What units will the subjects adopt as working parts, if it is

presented as a whole?
7. Can the parts be related better mechanically in a series of definite

parts or by progressively adding parts as the previous one is
learned?

8. Will the optimum method be the same regardless of whether the
time investcd by each subject in the learning process is small or
great?

9. Will the optimum method be the same for skills of simple and
complex nature?

Answers to the above questions may not be possible from the
literature in its present stage or on a priori basis. However,
careful weighing of these questions will certainly lead to better
planning of experiments (Chapter 10) in this area and to a more
rapid approach to solution of some of our queries on partwhole
learning.

The procedures just outlined will probably lead to evidence
that different activities can be learned best by different ap-
proaches. This is largely a matter of complexity of the skill.
For example, shuffleboard and bowling might be considered
similar in form, both requiring accuracy. However, the addi-
tional requirements of accuracy and timing in bowling make it
a much more complicated motor task. Or, an elementary back-
stroke and a crawl stroke differ in complexity, so that methods
for these and other strokes may differ.

Experiments tend to be conducted on relatively few subjects
and in small groups. It seems very probable that some differences
may exist in desirable methods and learning in large classes.
Adequate study has not been done, using controlled experiments
in classe, of different sizes, on ways of improving instruction in
large classes. For example, it is known from experience that
some assistance can be obtained by using student aides; develop-
ing student habits of self-analysis and help; using still pictures,
motion pictures, films and filmstrips; establishing objective goals
toward which to work; and other forms of extending the teacher's
services. The most valuable techniques could be identified by
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controlled experiments. (See Chapter 10.) Administrators under
pressure of numbers of students really become enthusiastic when
evidence can be presented for conclusions such as this, "Class
achievement is very similar to that of small groups." (17:98)

Perhaps one way to extend the opportunities for learning
afforded by the gymnasium is to develop techniques of mental
practice on skills being learned. There seems to be some evi-
dence that it is helpful (18). Questions which cannot be an-
swered are the stage or stages in the learning curve where
mental practice is beneficial: how much is required for learning
to occur, at what point the learner is wasting time, what assistance
can be given the learner to develop effective habits of mental
practice, and what relationship, if any, exists between kinesthetic
acuity and ability to profit from mental practice. Profitable
studies in this area could be numerous. Some could be explora-
tory and accomplished through measurement, with co-relational
and careful analytical description of data. Most would need
to be conducted by means of the controlled experiment Li rela-
tion to classroom (gymnasium) learning. (See Chapter 10.)

LEARNING AIDS
Best known among the teaching aids are the audio-visual ma-

terials. Sound films are well validated as teaching devices. They
may be used for explanatory demonstrations (8), for contrasting
right and wrong techniques (7), for testing purposes (7), or for
incentive and motivation, as well as being bearers of information
(13). Less well known are the loopfilms, filmstrips, still pictures,
charts, graphs, models, illustrative card file, self-written descrip-
tions by class members, and other ingenious ways of learning
through multiple sensations. Ragsdale (15) expresses this point
of view in writing concerning the processes of motor learning. He
says that not one, but all, the sensory channels for learning must
be used.

Damron (4) used a tachistoscopic training device and found
little difference in value between the two- and three-dimensional
materials.

Ruffa's study (16) on use of films led him to conclude that
their use results in more independent learning and more self-
confidence in what the learner was doing. He says that the use
of films for explanation of motor acts implies a certain amount
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of imitation, which serves to guide the learner. However, all
learners may not profit equally from trying to imitate, and
Ruffa believes this may depend upon ability to make symbolic
representation. Can this symbolic representation also include
kinesthetic interpretation of what is seen and empathetic expe-
rience during the observation? This possibility could well be
the basis of a study on relationship of kinesthetic perception and
use of observation and imitation in teaching. Deese (5) gives
rules for the use of imitation. He sayil one must make very
clear what is to be imitated; and to try to imitate short, simple
acts only. Furthermore, the act to be imitated must be presented
in such a way that the learner does not need to change any part
of it is order to perform (5: 232). These might well be guides
in setting up studies relative to imitation.

Basically, it is a question of how films should be used, not
whether they should be used. The same could probably be
said of all other forms of the learning aids. There are appro.
priate problems here for investigation of optimum usage.

ATTITUDES
In considering methods of instruction, two aspects of

the problem of attitude seem pertinent. On the one hand,
attitude determines the receptivity of students to proposed learn-
ing opportunities. On the other hand, attitudes are modified,
created, and nurtured by the learning experience. Classroom
learning is more or less guided by the activities and efforts of
an instructor, so these attitudes may encompass the teacher and
his processes of teaching as well as the activity being learned,
physical education in general, and even at times the whole process
of education.

The first requirement of learning is to have the learner in a
receptive, happily anticipatory mood. His mind is set for action,
for work, for accomplishment. The challenge for the teacher
then is to provide meaningful practice, hard work, recognition
of achievement, and the fun of working together and mutually
respecting each other's accomplishments. Therefore, research
in this interrelated attitude-learning situation is based on hypo-
theses such as the following:

1. Attitudes are measurable or identifiable.
2. Attitudes are modifiable.
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3. Attitudes are not static; they improve or deteriorate.
4. Attitudes are an inevitable accompaniment of any situation.

Humans do not live or act in a detached fashion within their
environment.

Studies on measurement of attitude have tended toward attitude
scales or sociometric analysis (Chapter 5) or projective tests
(Chapter 5). The projective tests recognize subconscious con-
trols over attitudes and reactions and attempt to obtain a "candid
shot" of what is really making the person react as he does. The
sociometric analysis recognize3 the group dynamics which are
so important in a class situation, particularly in physical educa-
tion where the students attempt to work and play together so
continuously.

Research is greatly needed on refinements of attitude scales.
Like all tests, the need is for short forms made up of critics
or valid items, which the student will accept as a procedure and
on which he will co-operate. The work on projective measures
and sociometrics needs to include both physical education oriented
cues and also devices for improving the unrestrained, revelatory
responses. Witt. improved techniques with which to work, then
the controlled experiment can deal with the variables of method,
work intensity, knowledge of accomplishment, reaction to drill,
coeducational classes, levels of perfection in goals established,
and many other problems of method and curriculum.

For example, the discrepancy between teacher and student
goals is often the sours of frustration for both. What level of
skill do we want, practical or expert? Ragsdale (15:71) says
that learners often prefer to stop trying to improve at a practical
rather than an expert level. The practical level is the one which
represents enjoyment, satisfaction in results in terms of effort
spent, and a real leisure-time course of enjoyment. The expert
level requires serious, consistent work; for the majority it becomes
work, not play, and fails to yield satisfaction. Teaching must
approach complex skills without an excessive, fun-destroying
array of details and criticism. Therein lies the challenge for
a succession of studies at different age levels, of different activitics,
and for both sexes.

Student goals are usually concerned with use of skills, not
just practice, and as they say, "playing and having a good
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time." Miller and Ley (14:5) very aptly state a plausible bridge
between the student and teacher's goals:

"Students can begin to play almost as soon as they begin to learn the skills
of a game. It is not good teaching proce'ure to attempt to perfect a student's
skill before putting it to use, nor is the perfection of one skill necessary before
other skills are presented. The good teacher must ruognize individual limitation
and through the use of sane progression and logical arrangement in the presenta-
tion of both skills and playing techniques, enable every student to enjoy
playing the game while she is developing the skill."

Again this serves as a working hypothesis on which to build a
series of experiments and a challenge to the creativity of many
instructors.

Another aspect of attitude has to do wit% safety during the
learning process and (luring later use of acquired skills. Expe-
rience has shown that the learner is safe as long as he is working
within the range of his ability and working with confidence. What
is said to a performer makes him hesitant and uncertain, or
overly reckless, or calm and confident. The teacher can make
or break a gymnast, a swimmer, a dancer, or a football player.
This is a phase of teaching where the teacher can accept the
challenge to reduce accidents to the minimum and increase learn-
ing to the maximum. The evaluation of results will come in
charting the progress of these two divergent records and in
comparing the skill and attitudes under the more favorable
learning climate.

Brown (3) says that fear is learned . . . and notes its internal
manifestations. All teachers have seen its effect on the learning
process. Swimming is probably the most common example and
much has been learned in this area which will apply in other
activities. For example, how is a safety pole used in swimming?
Is it a crutch which deprives the swimmer of the experience of
really taking care of himself, or is it an aid which he knows
will be used in case of real necessity? is it used in such a way
that it means to the swimmer, "I don't think you are going to
succeed so I am ready with the pole over your shoulder," or "I
am sure you can make it, I am watching and will help." These
are subtle differences but they affect the acquisition of skill,
development of attitudes, and development of self-sufficiency in
the water. The latter is built on the premise of carefully planned
progressions, encouragement of self-confidence, recognition of
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ability, and quiet unobtrusive aid. This premise invites informal
experimentation by the teacher, and controlled experimentation
by the teacher interested in research. The same situation exist3
in tumbling, apparatus and trampoline, dance of all types, and
even for some children in the matter of learning to catch a ball
or to kick or bat it.

And so whether teachers are aware of it or not, the gymnasium,
playing field, and dance studio become the laboratory in which
the elements of pupil interests, the teacher's planned experiences,
group interaction, other school experiences, and cultural pres-
sures unite to synthesize into learning, understai wing, and atti-
tudesultimately to develop our citizens of tomorrow. No com-
petent chemist would turn his back, use the chance method, or
even use the method of common practice. He is constantly fol-
lowing methods prescribed from previous studies and constantly
experimenting for better techniques. The teacher, as a tech-
nologist, bhould work in his own special laboratory with the same
scientific curiosity, discipline, and technique. The reward is
a healthier, happier, more accomplished student. But what is
imperative is that as professional persons, teachers have no other
course.
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Applied Physiology

MARJORIE U. WILSON
JOSEF BROZEK, CONSULTANT

Applied physiology, as used here, refers to experimentation
in the field of physiology which results in observations directly
related to the human organism. Special emphasis is placed en
the reactions of man to his environmental strehses. Physical edu-
cation is concerned primarily with the physiology of exercise
and work as modified by climate, nutritional factors, and changes
with age and sex differences. Hence, there has been a rapid
growth in the development of research laboratories in physical
education departments in colleges and universities. These may
range in pretentiousness from a single room with a few pieces of
equipment to well-equipped laboratories staffed with trained
technical and professional researchers.

For the physical educator, the scope of research in these areas
is limited by the frequent demand in modern physiological re-
search for highly trained personnel and elaborate laboratory
equipment. However, no student should deter because he does
not have large sums of money to spend for equipment. Even
the gymnasium or the playing field can become a creditable
natural laboratory.
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Ilysiology of exercise is a broad area that is concerned with
the performance of muscular work tinder various conditicns. It
also is concerned with the underlying physiological mechanisms
that make such performance possible. Individual differences
in functional ability and in efficiency, as well as group compar-
isons, are of interest. Studies relative to endurance, fatigue, and
measures of energy output hold special significance for the stu-
dent of physical education. The scope of this section will not
permit complete coverage of the many topics that logically fall
within the limits of laboratory physiology. The purpose herg is
to present a guide to some of the typical methods of physiological
research that can be conducted by the physical educator.

34o specific methodology can be discussed at length in this
chapter. Instead, selected references will be cited to illustrate
the problems in question. Recency of reference is therefore of
less importance than appropriateness. Experimental design, per
se, is discussed in Chapter 10 and statistical procedures are
presented in Chapter 7.

A discussion of research in applied physiology could be ap-
proached in several ways. Here, three topics will be discussed:
the methods used to obtain measurements, standardization of
procedures and conditions, and experimental problems.

METHODS OF MEASUREMENT
For some purposes it may be desirable to study the athlete

in his natural state of activity; for example, to examine the re-
sponse of his cardiovascular system and the energy expenditure
while swimming or playing basketball. This can be done, under
certain circumstances, by, using special techniques, including
telemetering of the raw data. However, rigorous experimenta-
tion during performance is not usually feasible. In the labora-
tory the experimenter may simulate a particular athletic per-
formance situation or, more likely, he may select a standardized
type of work, such as treadmill-walking or riding a bicycle.
Under the conditions of standardized performance, numerous
physiologic measures can be made with precision.
Mechanical Work. The amount of physical work that can be
performed by the human machine under diverse conditions is
of great interest to many individualsnutritionists, industrial
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employers, physicians, coaches, and physical educators. This
simplest form of work is defined by the physicist as the product
of the force applied and the distance through which this force
acts. The lifting of the human body against gravity through a
certain height or the pushing of an object horizontally for a
specified distance is called mechanical, external, or visible work.
The customary units of measurement for external work are foot.
pounds or kilogram-meters.

The use of the step test as a prescribed unit of work is a
direct application of the principle of mechanical work. There
are obvious discrepancies in such a calculation. No work is
recorded for lowering the body to starting position'. Swinging
of arms and legs, starting and stopping, stabilization of parts of
the body are all excluded from the measure of total work done.
Consequently, it is impractical to use the step test when a
finite amount of work is to be assessed. The step test can be
justified philosophically on the basis that the subject is lifting
his own weight and handling his own body, a feat which he must
perform regularly in any physical activity. Tuttle (34) used
the step test to develop his pulse-ratio test. The Harvard Step
Test (1) used stool stepping to define work done in a measure
of physical conditiol. Weight lifting and stair climbing also
have been used as measures of external work. Here, again, the
weight lifted through a specific height furnished the estimate
of work done, but no attempt was made to measure output on
the return movement.

Since it is difficult to measure work output of an isolated
muscle or even groups of muscles in man, investigators have
turned to the other extremean attempt to measure the mechan-
ical output of the majority of the muscles of the total body. One
device for this kind of measurement is the bicycle ergometer in
which the subject usually pedals against resistancea weight,
friction resistance, magnetic brakes, or an electric generator.
Careful calibration of bicycle ergometers makes a rather precise
measure of external work feasible. There are numerous criti-
cisms of such an ergometer: (a) The type of work done is arti-
ficial; (b) The position assumed may interfere with ventilation
and circulation; (c) The greater share of work is done by the
legs; (d) The load (resistance) is assigned arbitrarily without
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consideration for individual differences in strength and endur-
ance; (e) Preliminary trainirs is necessary to insure reliable
results. In spite of criticism, the bicycle ergometer is a popular
means of controlling the amount of work done in physiological
experimentation. Tuttle (29, 36), Hellebrandt (11, 19), Karpo.
vich (17, 18), and many others have employed this type of work
in their investigations.

The treadmill, another device to measure total external work,
is preferred by many experimenters because the work is done
in a more natural position and because the activity of walking
does not have to be learned. Other desirable factors usually
mentioned are the automatic pacing for the subject and the
natural weight load. The cost and size of the equipment limit
its use to the large, well-equipped laboratory.

These relatively refined measures of external work may be
used to control a quantity of work imposed upon experiinental
subjects or to determine the subjects' capacity for work as con-
ditions are varied. Other less accurate measures of. external
work have been used because they demand little or no equipment.
At times the selection of calisthenics, running, and swimming
may be preferred because the accurate measure of work done
appears less important than naturalness of the activity. The
experimenter should be cautioned not to sacrifice precision of
measurement for convenience.

Physiological Work. The total amount of energy consumed in
performance of a task can be measured directly by measuring
the amount of heat produced, cr indirectly by measuting the
amount of oxygen consumed. These measures are usually called
physiological work and the method is classed as ealorimetr y. Di-
rect calorimetry measures the total heat loss of an individual over
a given period of time by placing him in a closed respiration
chamber. The heat from the subject is ebsorbed by the water
and air surrounding the chamber; the differential is electrically
recorded. Equipment and staff required to operate this method,
as well as the relative confinement of the subject, make it im-
practical for use in investigation of most motor activities.

Indirect calorimetry, a method of measuring oxygen consump-
tion, is a customary way of obtaining total calories produced.
Thence, the approximate caloric production can be calculated
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from the rate of oxygen consumption. The experimenter can
select either of two acceptable approaches to this methodthe
closed circuit or the open circuit technique.

With the closed circuit, the subject breathes pure 02 from a
specially designed spirometer and expires into a soda lime con-
tainer where the CO, is absorbed. Movements of the spirometer
cylinder are recorded on a revolving drum. The rate of respira-
tion, tidal volume, and amount of 02 consumed can be determined
directly from the kymographic record. In the open circuit tech-
nique, the subject breathes atmospheric air and exhales into a
reservoir for gases, such as the Tissot spirometer or the Douglas
bag. The Douglas bag is tha preferred receptacle for many
studies involving movement in space; it is portable and can even
be carried while the subject is exercising (37). The expired air,
for a specified period of time, is measured and the gas analyzed
for 02 and CO2 content. The latter method is time-consuming,
but the results are considered more accurate because gas analysis
apparatus is highly sensitive.

Two relatively new respirometers, which are unique because
of their portable feature, may open the way to increased physio-
logical research by physical educatorsthe KofranyiMichaelis
calorimeter (21, 26) produced in Germany and the Integrat-
ing Motor Pneumotochograph (7) produced in France. Both
respirometers measure the exhaled volume directly and store
an aliquot of each tidal volume in a bladder for later analysis.
:Tither machine can be worn on the back as a pack, and con-
tributes little to the work load as their total unit weighs about 8
pounds or less. Either machine should be applicable to all forms
of activity except contact sports.

To calculate energy costs, three measures of 02 consumption
must be made: (a) 02 consumption during rest, (b) 0, consump-
tion during a specified work period, and (c) 02 consumption
during recovery after exercises. The addition of the work 02
and recovery 02 minus the resting 02, when converted to equal
time units, results in a net 02 cost per unit time. The intensity
of energy expenditure can be expressed in the ratio of work
rate to resting metabolic rate. Since, fot every liter of 02 con-
sumed, approximately 5 calories of energy are liberated, 0,
cost can be expressed in calories. For a more accurate caloric
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equivalent, the RQ (the ratio of CO2 produced to 02 consumed)
would need to be determined for each subject.

In some athletic events, like team sports and track events, it
is impractical to use a Douglas bag to determine energy costs.
Weiss and Karpovich (38) have used a circuitous approach based
on the relationship between oxygen used and pulse rate per
mi .ute. A subject's pulse rite and oxygen consumption is re
corded for work that can be measured (treadmill or bicycle ergo-
meter) at various intensities. These measures are graphed for
a given subject. Since there is a linear relationship between these
two measures, if the pulse rate per minute is known for this
subject his oxygen consumption thereafter can be calculated.

Efficiency. The efficiency of the human machine is expressed
as a ratio of external work done to amount of energy used in
performance of that work, which is usually converted to a per-
centage.

meat/deal work
Grote efidency

"2 total physiological work X 100

Since a certain amount of energy is expended constantly just
to maintain physiologic processes necessary to life, gross effi-
ciency does not give a true picture with respect to any given work
task. The energy used in maintenance of body processes can
be subtracted from the total physiological work to produce a
measure of net energy used.

energy egairakot of
mecisahical work (calories)

Net elder? la pascal = emu I/alveoli of total X 100

pliTsiologiesJ work Wert:
resting nap up...adhere

Ventilation. The need for measures of respiratory flow in
human subjects is apparent because %cork metabolism is depend.
ent upon oxygen consumed. The rate of respiration knd tidal
volume, as previously mentioned, can be determined from the
kymographic record in closed circuit calorimetry. The pneumo
graph provides another method of recording respiratory mere -
ments. It .Ansistt of an elastic tube or inflated elastic bag,
strapped firmly about the chest, which is connected by means of
rubber tubing to a tanibour or drumlike membrane. Change in
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chest size alters the pressure in the tube around the chest which
in turn stretches or recoils the membrane of the tambour. A lever
on top of the tambour records these excursions on a revolving
drum. Calibration is essential if volume measures are to be
considered. It is questionable whether absolute thoracic volume
changes can be shown by this or any other similar device that
measures external respiratory movements. Any extramous move
ments would also appear on the record. The body plethysmograph,
another method of measuring rate and amplitude of ventilation,
is discussed by Greulich (8). Many more technical procedures
of measuring respiratory flow, volume, composition, and capacity
are discussed in detail in Methods in Medical Research (3: Vol.
2, Section 2). Vital capacity, a measure of total respiratory
capacity, is generally measured by asking the subject to expire
as fully as possible into a spirometer through a rubber tube. This
measure is so unreliable that it is customary to select the highest
score out of ten trials as a measure of vital capacity. References
to original papers on lung volume and the efficiency of pulmonary
ventilation are given by Greulich (8) and by Peters and Van
Slyke (28).
Blood and Circulation. For a number of reasons, the examina
tion of blood samples taken from human subjects is still consid-
ered a clinical problem and, under most circumstances, is beyond
the scope of the physical educator. At present two approaches
based on the dilution principle are available for the estimation
of blood volume. One approach involves the determination of
the plasma volume by the intravenous injection of a known
amount of a harmless dye or radio-iodinated plasma protein. The
second approach estimates the red cell volume and can be done
in two ways. The first requires the intravenous injection of red
blood cells labeled with radioactive elements or red blood cells
of a group compatible with, but different from, that of the
subject. The second requires that the subject breathe a known
amount of carbon monoxide which is taken up by the hemoglobin
of the red cells to form carboxyhemaglobin. When a simultaneous
determination of the hemotocrit is combined with the estimation
of the plasma or red cell volumes, the blood volume may be
calculated. There is a third approach for blood volume estima-
tion, termed electrical impedance, which is not dependent upon
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the dilution principle. This method depends upon the measure-
ment of the alterations in the conductivi'y of blood resulting
from the intravenous injection of hyper- or hypotonic solutions.
So far, this method has not been applied to human subjects.

Further discussion of methods that can be used to determine
approximations of blood and plasma volume by the carbon mon
oxide technique or the dye technique are found in Greulich (0),
in Peters and Van Slyke (28), and in Keys and others (20: Vol.
2, Appendix 1). References to original papers rre included in
these sources. In the above three references and Methods it
Medical Research (3: Vol. 2, Secti ')n 2), numerous methods in
areas of blood composition, 0, saturation, and acidbase balance
are developed in detail.

Blood pressure determinations, as well as pulse rate and
pulse recovery, have been accepted as standard procedures in
the measure of physical condition. The study c.f post-exercise
and postexperimental blood pressure and pulse determinations
by !Tapp (10) and Moutis (25) serve as examples. Venous
pressure provides an indication of the efficiency with which blood
is returned to the heart. A typical indirect method of measure.
ment is described by Eyester (5). A more satisfactory method
appears In Human Starvation (20: Appendix 1). Afethods in
Medical Research (3: Vol. 2, Section 2) describes clinical
methods of measuring blood flow.

On occasion, experimenters cannot find adequate apparatus
to investigate the problem at hand. Then adaptation or modifies.
tion of a given test or piece of equipment may be necessary before
research can be undertaken. At times this process is sufficiently ex.
tensive to provide a study in itself, such as the modification and
calibration of the bicycle ergometer by mottle and Wendler (36)
and the development by Henry (13) of the electrical cardiorneter,
a device for recording heart rate, number of step-ups, and time
simultaneously. The development of new tools of measurement
is important not only to ensure more precise physiological meas
urement but also to provide a means of study in areas that
previously eluded measurement. Tuttle and others (35) de.
signed and constructed new types of dynamometers, based on
the strain gauge technique, which provide a more accurate meas.
ure of strength and also a measure of strength endurance. Simon.
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son and associates (31) developed an apparatus called a ballistic
elastometer, a dynamic method for estimating elastic properties
of skeletal muscle. Adequate experimentation with new appa-
ratus to assure standardization and simplification of operational
procedure, in order that others may successfully utilize the equip-
ment, is an integral part of such a study. The Journal of Applied
Physiology has'a section called "Special Communications" which
is devoted to new methods of research.

The development of new physiological performance tests and/
or the validation of such tests as conditions are altered in the
administration are important to methodology. Brouha (1) de-
veloped a simple step test and evolved formulas by which pulse
rates after exercise can be predicted for varying levels of train-
ing. Since it is natural for experimenters to vary conditions
of a given test to fit their immediate needs, Elbel and Green (4)
-tudied the effect of changing bench heights and Miller and
Elbel (24) investigated the effects of change in tempo in step
tests. All of these represent studies in the areas of applied
physiology.

STANDARDIZATION OF CONDITIONS

Research in the area of applied physiology is typically experi-
mental in nature. The fundamental purpose of such research
is to determine the effect on human subjects of selected variables
in areas of training, nutrition, work output, fatigue, etc. The
need for precision of measurement is self-evident. The degree
of precision possible is governed to a large extent by the success
with which factorsother than the deliberate variations ircluded
within the predetermined experimental design-- -can be and are
controlled or equalized. Complete and absolute precision In
human measurement is impossible because:

I. The sampling is usually necessarily small when numerous de.
terminations must be taken.

2. Human t &at is influenced by numerols factors that cannot he
controlled or factors that are too vague to be identified.

3. No measure can be more precise than the inherent accuracy of
the measuring instrument.

4. Human fallacy of the experimenter may be a source of error.
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It is therefore imperative that all extraneous factors no controlled
or, if this is impossible, that all results of the study be qualified
accordingly (33).

Basic measures must be carefully taken before experimental
variables are introduced. Enough of these resting state or "pre-
experimental" state measures need to be taken to mare validity
of measurement. The experimenter must be certain that no cir-
cumstance prior to experimentation, such as physical exertion,
smoking, illness, or drugs, has in any way influenced the physio-
logic measures to be applied to his subjects. For example, a
"resting" pulse rate or 0, consumption rate taken at the begin-
ning of an experiment may be influenced by a variable not
included in the experimental design, i.e., the anticipation of
waiting for a test that is new to the testee. All measures should
be taken at the same time of day, whether on a single subject
or a number of subjects.

Performance test scores represent a quantity that the subject
will produce rather than what he is capable of doing. Con-
sistency of motivation, therefore, beAes a vital part of the
experimental procedure. Anything from a loud noise to the
presence of a friend or foe in the room provides an additional
stimulus wl i may alter performance scores (6). Knowledge
of his own tits or preconceived notions of the desired outcome
of the tot.ii investigation can alter a subject's response and
change the validity of measures. Every effoit must be made to
keep the subject's total physiological effort constant whenever a
quantity of work is to be imposed.

Repetition of performance tests leads to an improvement in
efficiency of performance that can be attributed to learning and
to training. To illustrate, several experimenters compared effects
of a gelatin on performance, with varying degrees of improve-
ment cited. None of them adequately controlled effects of train-
ing, even though Kacamarek (16) indicated that his gains in
performance are greater than training effects. Subsequently,
Ilellebrandt and others (12) controlled both diet and training
and found no improvement that could be attributed to gelatin.
Efficiency tends to vary with speed as well as with each individual.
Although load may be adjusted so that metabolic costs are the
same, the mechanical efficiency of any movement varies according
to the speed at which it is performed (14).
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EXPERIMENTAL PROBLEMS

Selection of a suitable problem for study is often so difficult
for the inexperienced research worker that he must seek help
from an expert adviser to avoid delay and floundering. Exten-
sive reading in the area of research that is of interest to the
studentplus the construction of an outline including the pur-
pose, the method(s), the design, and the conclusions for each
study reviewedwill help to give a background for the proposed
study. Only then is he ready to attempt to outline in detail the
problem of his choice. (See Chapter 3.)

In experimentation in the area of applied physiology, several
questions must be answered before any study is undertaken: (a)
Is the study feasible in terms of time and equipment available?
(b) Is it possible to take the measurements that are desirable?
(c) Are the researcher's skills and knowledges great enough to as-
sure objective data? (d) Is it possible to control or equate all fac-
tors except the variable? (e) Is there a need and an application to
the field for the proposed study? (f) Do more expert researchers
consider the problem worthy? More time and effort will prob
ably go into the planning of the study than into the actual collec-
tion of measurements. Often a preliminary study is desirable
to try out the original ideas.

Three typos of designs are popular in physiological research
(a) the single group with "pre" and "post" experimental variable
(23, 27), (b) the matched or equated groups of which one
may become a control group (22), (c) two or more selected
groups which are subjected to two or more methods or teats
that can be interpreted by variance analyses 32). In some few
instances, a present physiological status needs to be determined
(9, 15). Often the number of subjects used in physiological
research is relatively small, in which case the number of deter-
minations per subject is unusually large (2). It may be noted
that experimental groups are rotated where practice or training
effects may influence interpretation (27, 30).
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Applied Psychology

hi. GLADYS SCOTT

Modern science has grown in the direction of numerous ape.
cialitations. However, the boundaries between them are vague
and overlapping. The academic disciplines are basically not
as different as their respective members sometimes think. For
example, the physiologist, psychologist, sociologist, anthropolo
gist, and philosopher are all concerned with human behavior
the reasons why man behaves as he does and the bases on which
his behavior is modified. The educator is also interested in
the same problems. Skinner (67) *IA summarizes the status
of the experimental approach to behavior. He concludes with
estimates of broad technological application and says that "the
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most exciting technological extension at the moment appears to
be in the field of education."

Likewise, the physical educator shares these same interests.
In fact, he probably needs to be conversant with more of the
so-called disciplines, their research, and their methods of work
than almost any of the members of those respective disciplines.

Because of this breadth of interest in human behavior, the
physical educator needs to read from publications in many
fields. From these diverse sources he will get the theories that
contribute to basic understanding and to proposed research,
new ideas for debate and experimentation, and ideas for inte-
grating concepts and existing knowledge and bringing them to
experimentation on technological applications. The reader can
not stop with Psychological Abstracts, though that is probably
his starting point. (See Chapter 2 for suggestions on reading.)
New psychology texts which will challenge and stimulate the
physical educator's interest are important reading. Recent devel-
opments in fields such as neuroanatomy, neurobiology, neuro-
psychology must be followed carefully (49). They haw; impli-
cations for learning, response to emotional stress, motivation,
psychotherapy, and other aspects of behavior of importance to
the educator and to the research person (79). The guides of
the experimental psychologist, such as Brown and Chisel li (4)
and Townsend (78), offer help in hypothesizing and designing
studies, whether they are of a strictly psychological application
or otherwise.

Psychological problems can be attacked by observational and
descriptive investigations as well as by experimental methods.
The nonexperimental methods aim to discover the behavior of
individuals had differences between individuals, relationships
which exist, and the adjustment of individuals to different condi-
tions--and all this with an emphasis on cause. Where applicable,
tests yield a better source of data than verbal reports from the
subject on his experiences, sensations, or emotions. Though
projective techniques have been developed, there is still the
problem of dealing frequently with cases or groups of cases
rather than with a sample representing a population. In fact,
the population is not always clearly defined because of the nature
of the traits or behavior studied.
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LEARNING
Learning is a modification of response as a result of practice

or experience. It is distinguished from sensory or affective re-
sponse and from maturation. This does not mean that these
may not all be taking place along with the learning process.
However, research on learning must attempt to control these
factors, or at least must recognize or use them in identifiable ways.

A basic problem of concern to the physical educator has had
little recognition or at least comparatively little investigation.
This problem is the relationship between acquisition of mental
and motor learning. Studies on mental practice would lead one
to believe that there may be common processes. However, the
theories pertaining to reminiscence, empathy, retroactive inhibi-
lion, and facilitation have not been adequately tested on motor
learning. Another problem of special concern to the physical
educator is the relationship between the isolated, fine motor
!earnings of the psychology laboratory and the gross motor learn-
ings of the physical education class. Similarities have been
assumed, but complexities of tasks are known to affect the learn-
ing pattern. Certainly finger tapping, pursuit rotors, card sorting,
typing, lever pulling, block placing, and pin sorting are different
problems in complexity than a golf swing, a tennis serve, a dive,
a trampoline or tumbling stunt, or a dance movement. However,
familiarity with the findings on such studies is almost sure to
yield some insight into the learning process, or into ways to set
up learning experiments on other types of motor co-ordinations.

The psychologists attack the problem of learning from the
dual approach of hypothesizing and experimentation. Their gen-
eralizations have resulted in several theories with respect to
the learning process. Study of their comparative rationale and
implications may be guided by such reading as NfcConrell (42),
Thorpe and Schmuller (77), or Hilgard (30). The would-be
experimenter or technologist is left, then, with the choice of
following one particular theory or an eclectic route toward solu-
tion of his problem.

There is enough known about the factors influencing learning
to provide bases for experimentation in physical education skills.
Study of such variables requires them to be singled out and
controlled. Ideally this should be in the real situation, i.e.. gym-
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nasium or playing field. The problems of control of human sub-
jects and their environment have frequently led the psychologists
to deal only with laboratory situations or with animals. Much
of our knowledge of learning has been obtained from animals.

Laboratory studkis employ equipment of some type (see Chap-
ter 6) on which defolite tasks are performed and on which objec-
tive records of proficiency can be obtained. These records may
be successful acts per time unit; errors made per time unit, or
per trial; or magnitude of errors made, as for example, total
or average deviations made on an accuracy task. The same type
of records can be used in the gross skills of physical education
for example, one might time the interval three balls could be
juggled without error or the time to swim 100 yards. Errors are
very obvious in bowling or archery and can be meaningful records
of learning. Deviations from accuracy are frequently used in test-
ing of kinesthetic functions, as in an approach shot in golf or
placement of a tennis or badminton serve. Psychological studies
can be invaluable in planning appropriate records of proficiency.

Learning records are usually plotted with practice units on on
axis and proficiency units on the other. Learning curves reflect
the magnitude and dissimilarity of proportions between the two
axes. However, one of two principal types of curves is apt to
be found. One type shows rapid acquisition of skill and a
gradual or abrupt decrease in slope after a moderate amount of
practice. The other type of curve is a double or "S" curve.
Little or no improvement is made in the initial practice; then
rapid learning occurs and follows the characteristics of the first
type from that point on. The difference is apparently due to
varying complexity of skill being practiced, to varying degrees
of facilitation or inhibition from previous experience, or to the
degree to which the records being taken indir.,:ta small increments
of skill. Grant and co-workers (17) propose a possible statistical
procedure for predicting later parts of a learning curve from any
given part. Hayes (23) presented a technique for plotting of
curves based on average performance with particular reference
to learning in the immediate region of the criterion or near come
pletion of learning. Rivlin (57) believes case studies of learning
curves are more important than aggregate ones.
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Plateaus and regressions are usually found in the learning
curve. These are apparently not functions of the complexity of
the skill but rather the elements to which the learner has to attend.
When any new element is introduced, the slope of the learning
curve decreases. For example, a change in range for the archery
learner or addition of breathing to the co-ordinated crawl stroke
causes apparent plateaus or temporary loss. Likewise, concen
tration on parts of a skill rather than on the whole seems to
produce flattened curves. This type of information appears in
psychological studies and is shown in learning curves which
have been done in physical education.

Investigators of motor learning should consider carefully the
shape of the learning curve and, if possible, determine at what
point the raveling -off stage occurs, the probability of plateaus or
troughs, and the aniount of practice to get the learner beyond this
level. Such predictions are not always possible, but failure
to reckon with these characteristics of the curve can lead to
failure of the experiment to show significant results. Many
studies in physical education have failed because of this. Such
failure is sometimes unavoidable because the length of the school
term is not sufficient to get beyond this stage of learning. For
example, in comparing two methods, both will probably show
a plateau, but one may take the learner out of the plateau sooner
than the other. If the experiment stops while both groups are
on the plateau, the difference in the methods is not obtained.

Learning at different age levels may differ in rate and potential
quality. The psychologists have worked mostly with young
adults or children. These are the ages of most concern to the
physical educator. However, if gerontology and recreation work.
era persuade the "oldsters" to acquire new recreational skint
and hobbies, then this will become a fertile field for either the
psychologist or physical educator.

One of the problems of determining learning is the index of
accomplishment to be used. Numerical scores of increments of
skill are not acquired with equal ease at all ability levels. This
makes interpretstion of learning curves difficult. In fact, the
mere construction of a curve may be impossible because of the
dissimilar nature of he (*.ordination to be learned at different
stages of learning. McCraw (44) summarizes some of the more
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common methods of trying to meet this difficulty and presents a
comparison of several methods of measuring the learning for a
group starting at different initial skill levels.

De Long (9) summarizes recent trends in learning studies.
These trends represent not only practice in research design but
also attempts at solution of some of the problems of working
with a behavioral trait as complex as learning. Reading of this
report would be desirable for investigators in this area.

TRANSFER
Some of the earliest learning experiments in psychology dealt

with the transfer of learning from one activity to the acquisition
of the next. Perhaps the fact that the scientific curiosity of the
psychologist had been partially satisfied on this matter long
before physical education was doing much research may explain
why the physical educator has not done much on this problem.

MeGeoch (45), Stephens (73), and others provide a discussion
of methods, experimental results and interpretation, and an
extensive bibliography of studies on transfer. The student who
wishes to work in this area will find it advantageous to start with
this background. He may then proceed to the research reports,
including those in physical education.

General principles and concepts would appear to be transfer-
able. Motor learning offers a good opportunity to study transfer.
Duncan (10) found that transfer increased directly with degree of
inter-task-similarity. He attributed it to response generalization
as well as learning how to learn. Barch (2) found that tasks
of high difficulty had greater transfer than easy ones. Lindehurg
(40) synthesized the findings and concluded a high level of
specificity in the motor field, and therefore little transfer. Nelson
(52) concluded from his data that skills involving similar ele
ments and patterns should not be learned alternately, but rather
consecutively. Deliberate teaching for transfer probably cannot
change this.

Henry (27) showed that the improvement in reaction time
acquired through negative motivation of electric shock is trans-
ferred from one skill to another of varying complexity within the
limits of the laboratory experience. Munro (47) found that this
improvement was retained for a period of six weeks and then
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began to regress. Fairclough (13), who participated in this same
series of studies, worked on reactions of hand and foot. He con-
cluded that transfer of training failed to occur but that transfer
of motivated improvement did occur. This may help to clarify
some of the difficulties encountered in trying to solve the matter
of transfer. Practical experience with students has led many
teachers to believe that some elements are transferable. In view
of the developing knowledge of kinesthetic functioning, it is pos-
sible that new evidence may be uncovered to show means of
improving transfer in motor learnings.

ATTENTION
Attention is a process of selective response to stimuli. The

individual experiences at all times a number of stimuli, yet at
any one moment he attends to only one, or at least very few, and
disregards the rest. This selective process results in alertness
with respect to part of the situation, a receptivity toward and
vividness of experience inherent in the stimuli "attended," and
a complete disregard and lack of cognizance of those "unat-
tended."

Attention may then be considered a basis for perception, a
stage of readiness or preparation as well as a continuing state of
facilitating receptivity. The individual's physical state and needs
are important determiners of attention. Environmental factors such
as movement, bright colors, unusual objects, or action draw atten-
tion. These factors appear to be somewhat more important with
children than with adults, leading one to assume that experience
and learning lead to acquired determiners of a different type and
an acquired inattention to many of the stimuli affecting the in-
experienced and young. Movement stimuli, satisfactions from per-
forming or moving, and acquired play interests all contribute to-
ward attention of children to play situations within their level of
comprehension. The attention of the youth or adult to play stimuli
is apt to be only transitory with respect to the action itself, lacking
with respect to physiological drive, and possible only if acquired
interests are present or can be developed. These facts have real
implications for both learning situations and curriculum planning.

An overt evidence of attention may be found in postural alert-
ness and tension, immobility, fixed gaze, and sometimes even slow
and shallow breathing. If the object of attention is stationary, the



LABORATORY RESEARCH 379

head and eyes seem to be fixed and even blinking is checked. If the
object is in motion, the eyes follow it, as may be clearly seen by
observing audience at a tennis match. if there is no actual
visual point attracting attention, this fixation of gaze is toward a
point but with no real perception of that which is seen. This motor
evidence of attention facilitates study of attention through muscle
tension and visual processes.

The problems most frequently studied with respect to attention
are span and range. These have usually been determined through
visual or auditory stimuli and measured through motor response,
steadiness, muscular tension, and respiratory response. Of specific
interest for the physical educator is the study of attention span of
children for experimentally designed toys (46).

Many of the methods of motivation or incentives are in the
nature of attention determiners. Or they may be for development
of interests to provide selective stimuli for continuing learning
experiences. The positive and negative rewards used in the con-
ditioning studies lead to the selective process of attention. This
anticipatory state, coupled with comprehension, may account for
much of the transfer of learning. Studies in this whole area of
attention in relation to gross motor learning could yield significant
results for the teaching of physical education activities and de-
velopment of recreational interests and skills.

MOTIVATION
Experiments on the strength of physiological drives, usually

hunger, have been made on animals rather than on human subject;
for obvious reasons. But whether animal or human subjects are
used, a meaningful incentive improves the rate of learning. The
incentives used consist of appropriate forms of reward or punish-
ment, praise or reproof; acceptance or rejection, or rivalry with
reward at stake. The plan of providing punishment reveals that
subjects respond equally well in their attempts to avoid the un-
pleasant. This is a negative approach which the educator is not
apt to adopt deliberately, though it probably operates on students
more frequently than is realized. Symonds (76) emphasizes that
education should proceed on the basis of interest rather than fear
of punishment. Wedemeyer (83) attributes "nonachievement" on
the college level to the effect of unfavorable early experiences.
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The invesVgations on human subjects includes all ages from the
very young child to the adult. The studies of Lewin and co-
workers (39) are concerned with changing needs of the child dur-
ing his development and with the effect these changes have on be-
havior. Their studies on level of aspiration and the effects of
success and failure are directed toward understanding of the
emergence of the personality pattern and the subject's recognition
of "self." Havighurst (22) presents case studies exemplifying
this type of influence on behavior. This is an area where potentials
in physical education are great because success can be clearly
demonstrated and often measured. It is a success in which the
child has a compelling interest. It is an area where rivalry for
recognition often brings reward (team membership) for the few
and punishment (deprivation of team participation, and often of
other activity, too) for the many. Studies like that of Smith (72)
have pursued this particular problem, but they are really few in
number.

Animal experimentation relative to neuro-anatomy, motivation,
and learning have led to some interesting observations. Olds
(50, 51) has located what he calls pleasure centers in the brain
and shows that the electrical stimulation of these centers produces
results comparable with those of reward. Other neuro-anatomists
have found similar reward effects which are apparently effective
motivation for learning. Further study from such sources should
help us to understand how motivation operates in the more com-
plicated human process of values and meaning in relation to
neuromuscular acquisitions.

Pfeiffer (53), writing extensively on functioning of the brain,
says, "There is nothing so tenaciously inborn in us, no process so
deep-rooted, that we cannot modify it appreciablyproviding we
have good reasons to do so."

How an incentive operates to facilitate human learning is not
clear. It is probably through various effects. Recognition of a
positive or negative reward in the initial stage may gain attention.
It is frequently a more tangible and meaningful goal than the
acquisition of the learning itself. During learning it tends to
focus effort and to minimize distractions. It frequently has
associations or qualities arousing affective response and thereby
enlists the extra effort characteristic of emotional release. The
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reward may be more nearly the common element from one
learning situation to another and thereby lay the foundation for
a transfer of learning. Certainly, an incentive which would
do all these things would be a tremendous aid throughout the
learning process.

Motor learning has one advantagethat of results being
fairly obvious in most instances. Knowledge of results has long
been believed to be an incentive. Practice tests or more formal
achievement tests have been used on the premise that knowledge
of results i3 a motivator. Howell (31) demonstrated that knowl-
edge of the time-force factor of a racing start improved learning
rate above that for a control group which did not have this
information. Henry (27, 28) applied electric shock when reaction
was slow. He found it gave significant improvement in reaction
time but concludes that this is due to "the informative value of
the motivating stimuli rather than to punishment as such or to
a direct facilitative function" (28).

On the other hand, Johnson (36) found that effort under
incentives of competition and direct verbal encouragement and
exhortation resulted in increased work in some cases, in de-
creased amounts in others. Apparently adverse physiological
conditions are more apt to follow, as evidenced by nausea. This
reaction has been found in offer studies.

EMOTIONS
Both the physiologists and psychologists have studied the

effects of emotions on body functions. The work of Cannon (7)
is a classic in this field. One of the problems in such study is
the difficulty of isolating a given emotion, or evoking a specific
intensity in any one subject or comparable intensity in all sub-
jects. Those studied have been enthusiasm vs. irritation, joy vs.
anger, satisfaction vs. annoyance, anticipation vs. fear. Perhaps
these could be more easily produced in the physical education
setting than in that of the laboratory. '.here are all important
to the physical educator. Fear is especially so and its develop.
ment has been discussed by Kingsley (37). Physical education
studies on overcoming fear appear sporadically, but their number
is encouraging.

The studies of neural structure and function lead toward evi-
dence of existence of circuits in which cortical activity can
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dominate emotions as well as behavior. This would lead to pos.
sible implications in relation to mental health (79). Pribram
and Kruger (56) make an excellent approach to synthesizing
implications of many studies and to the process of hypothesizing
and planning further exploration into a new frontier of
knowledge.

The techniques for measuring emotional response developed
by the physiologists and psychologists include changes in respira-
tion, circulation and blood pressure, galvanic skin response,
muscular tension, and overt expressions of face or voice. The
latter are least reliable, and are useful primarily for work with
infants. Few of these have been used successfully with stimuli
from physical education situations. Some examples can be
found (68, 84) and would appear to suggest a promising field
for further study.

MUSCULAR TENSION
The physical education teacher is apt to think of muscular

tension in terms of certain specific states. The coach knows
the tension of anticipation which mounts if activity is impossible.
The teacher knows the rigidity, almost a spastic state, which
results when the beginner is determined to learn or when he
reacts to frustrations of errors by fixation of purpose and ever
increasing effort. Likewise, the teacher and the health counselor
know the chronic hypertension of the person who lives and works
on an emotional level in which he frequently feels that solution
of his problems is impossible. The recreation leader sees the
person who says, "I want to get some exercise or hobby so I can
relax." This knowledge has led to lack of clarity in dealing
with the condition in the classroom and to lack of adequate
research geared to problems of the physical and health educator.

There appear to be two kinds of tensionthat which inhibits
and that which facilitates action of the individual. The first is
apparently due to an emotional stress and the second is a con-
comitant of effort. This was pointed out long ago by Bills (3).

Measuring devices include those indicating reflex responses,
resistance to movement, range of motion, tremor, and electrical
responses of the muscle. (See Chapter 6.) Those interested in
relaxation have dealt primarily with the latter of these; those
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interested in problems of movement have dealt with the first
named.

Tension is a practical problem which needs careful study.
In the underlying premise of studies in this area, it should be recog
nized that the inhibitive and facilitative condition of tension may
be of different magnitude, may result in different kinds of overt
response, and may respond to different stimuli. Only careful
research will answer these points.

SENSATIONS

Perception is an accompaniment of sensory experience. Inter-
pretation or meaning attributed to a perception serves to give us
awareness and knowledge of the world, o'ir environment, and
ourselves as an organism in that world. The sensations which
provide these experiences are vision, hearing, smell, taste, touch,
and kinesthesis. The first three deal with stimuli completely
removed from contact with the organism. The object seen, heard,
or smelled remains removed from the organism unless the per-
ception and meaning cause the person to touch it, taste it, or
otherwise react with respect to it. Taste and touch are dependent
upon contact with the source of stimuli. In contrast, kinesthetic
stimuli originate within the organism.

The common elements for all these sensations are special
sensory organs, special nerve endings as receptors, special stim-
uli, and specificity of reception and perception. All have a
psychological-cultural aspect. This is clearly presented in a
discussion of the psychophysiology of taste (80). The health
educator might find some value here relative to food habits and
their development.
Vision. Visual sensation and perception involve highly compli-
cated processes. In considering any population of subjects,
certain variations in visual acuity will be found. Kingsley and
Garry (37) estmate that among elementary school children
10 percent or more have serious defects and another 10 percent
have minor disabilities which can impair response to learning
situations. Dalton (8) found that less than 20 percent of 5,000 ele-
mentary school children studied could pass all tests given with
the Keystone Telebinocular. This finding not only arouses con-
cern for the classroom situation and learning in general, but
also raises some real problems for various kinds of research.
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Binocular vision is basic to depth perception. The two eyes
see slightly different views of close objects; the brain interprets
the two bits of information and attempts an objective synthesis.
This process can be studied conveniently by the stereoscope.
Objects at too great a distance appear too much alike on the
retinal images, and depth perception is lacking. Studies on
crucial distances in this respect and in individual differences
might solve certain problems of safety, and lead to an under-
standing of variation of visual perception, as well as accommoda-
tion to changing size of courts and variations in lighting on the
athletic field.

Retinal rivalry and one-eyed dominance sometimes result from
inability of the neural centers to synthesize the two images. Domi-
nance in use of the eyes may also be due to actual differences of
vision. Whether habit ie a factor does not appear clear. It
has been demonstrated that eye dominance exists and can be
measured (21).

The size of the visual field can be measured with the compi-
meter (41). Slater-Hammel (71) showed increased reaction
time with increased range of stimuli into the peripheral field.
It appears that the peripheral range may be increased with prac-
tice. The exact explanation is not clear. It may be that practice
facilitates awareness of stimuli in the periphery, or delays fa-
tigue, or perhaps trains the muscles of the eye so as to adapt eye
position to the conflicting need of focus and peripheral stimula-
tion. The importance of peripheral vision to sports and athletics
would indicate a need for further research in this area.

Intermittent light at slow, regular intervals is perceived as a
flicker. Increased frequency eliminates the flicker effect and
is perceived as motion, if variations of light or images are
involved, or as constant light, if only uniform light is involved.
The frequency at which flicker disappears is known as the
critical fusion frequency. This critical frequency varies with
the excitability of the visual-cortical centers. Henry (24) de-
scribed a device for measurement of critical fusion frequency.
He found that physiological states apparently affect it. For
example, hard physical work depresses it and light exercise
and cold hip baths increase it. Further study is indicated. Si-
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monson (65) proposed that this critical point could be used as
a measure of fatigue of the central nervous system.

Most sports involve reaction to a moving ball. The usual
coaching cue is "keep your eye on the ball," and it is assumed
that it is possible to do so up to the instant of catching or hitting.
Hubbard and Seng (32) studied this possibility in batters in
professional baseball and cast doubt on such continuous focus.
Clarification of this might help both the performer and the
coach. A related problem is that of the blackout period during
a blink. This was studied by Slater-Hammel (69).

Brown (5) suggested a possibility of use of visual after-image.
He applied it to the learning of golf.

There is need for the technological application to physical
education and athletics of much of the understanding of visual
perception. In addition to those indicated above, there would
be such problems as color vision, color blindness, and color rela- .

tive to peripheral vision. There are &Iso the problems of visual
accommodation, relationship to neuromuscular control, and varia-
tions under different physiological states, effects of smoking, and
perhaps others pertinent to sports and athletic participation.
Hearing. The problems of hearing are somewhat similar to
those of vision. Individual differences exist which are too fre-
quently ignored, even though techniques of measuring acuity
and diagnosing type of defect have been greatly improved.

Little research has been done on the importance of auditory
cues in sports or athletic situations. Experience has taught the
difference in response of subjects to sharp, incisive sounds in
contrast to muted or vague commands. Localization of source
of sound, or its direction, is a function of binaural hearing, aided
by turning of the head. Right-left differentiation is much more
efficient than that in another direction. Yet observation of reactions
of the nonsighted performer shows us that auditory stimuli can
be used, and apparently perception developed much beyond what
the majority of sighted subjects ever experience.

Kinesthesis. Kinesthesis is sometimes referred to as
sense. It is the sense by which the person is aware of
of body parts, of their movement, rate, and range, and of vital
body movement and position. Probably it is more complex



386 RESEARCH METHODS

in its source of pertinent stimuli in most of our daily experiences
than any of the senses. It is the only one of the sensations in
which the actual source of the stimulation is inherent within
the structural and functioning mechanism of the body. The
special receptors are located in the muscles, tendons, ligaments,
and articular cartilages, and in the epithelial lining of the semi
circular canals of the inner ear. Information so obtained is
supplemented by visual cues. All are synthesized in the central
nervous system and the response is sometimes a reflex control,
sometimes a link in the chain of responses in a highly co-ordinated
skill, and sometimes merely an awareness of perception of move-
ment or position which the person may describe verbally, control
motorly, or voluntarily depart from with precision to another
position, at the same or a different tempo.

There is frequently difficulty in separating the more truly
kinesthetic sensation and perception from that of touch or the
tactile sense, and even that of vision. This has partially con-
tributed to the difficulty of measuring kinesthetic acuity in the
sense that one measures vision or hearing. Work on this problem
to date seems to indicate a very high degree of specificity of the
elements of kinesthesis or the expressions of kinesthesis. DPvel-
opmmts in the measurement of kinesthesis have come through
efforts of the physical educator rather than the physiologist or
psychologist. These efforts can he traced through studies such
as Young (91), Phillips (55), Seashore (64), Russell (61),
Witte (87), Roloff (58), Stevens (74), Wiebe (86), and Scott
(62). Much more needs to be accomplished in refinement of
measures and determination of the most representative sampling
of the components of kinesthetic sensation. The basis will then
be laid to determine the possibilities for training of acuity of
perception, the relationship with facility of learning motor skills,
and perhaps improvement of method of teaching by better under-
standing of the use of imitation, pace of empathy in learning,
or discovery of the common element on which transfer of training
can be achieved. These are primarily problems for the physical
educator to deal with, since they affect his efficiency of teaching.

Phillips and Summers (55) made a contribution toward the
clarification of the question of kinesthesis and motor performance.
They found some relationship with learning of howling--higher.
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at beginning stages than with more skilled bowlers. They also
found significant differences in kinesthetic perceptivity between
the preferred and nonpreferred arms. Investigations in this
area might lead to diagnostic measures relative to the various
physical education activities.

Equilibrium and balance are two expressions of kinesthetic
response which have been studied extensively. The various types
of apparatus (see Chapter 6) are used primarily to measure sway
or steadiness of position. This is important relative to problems
of posture. However, static balance appears to have little rela-
tionship to dynamic balance. It is not clear what relationship
may exist to gross motor skills in general. Espenschade and co-
workers (11) did find differences in dynamic balance between
athletes and nonathletes. Estep (12) found static balance, as
judged by body sway, to be related significantly to both sports
and rhythmic abilities. Both static and dynamic balance appear
as distinct elements in all studies of kinesthesis to date.

Rotatory action seems to have some bearing on kinesthesis,
or at least on the two aspects of balance. Studies to date are very
inconclusive, but the more marked physiological effects in the
form of motion sickness point toward possible application in
physical education activities as well as toward better under-
standing of the process of kinesthetic stimulation. Much work
needs to be done on this phase.

Physical educators frequently refer to eye-hand co-ordination.
This includes skills such as catching, throwing, striking. The
psychologist approaches this through tests such as pursuit pen-
dulum, pursuit rotor, and target throwing. In general, most of
these appear to be highly specific. I -estigations on the relation-
ship of kinesthetic acuity and training in developing kinesthetic
awareness might yield valuable information for the p!. lical
education teacher.

Orientation in space seems to be one aspect of kinesthesis
(89, 90). It is a sense developed deliberately in the training
of the blind person. The degree to which this and other aspects
of kinesthetic perception can be trained to greater levels of acuity
seems to point toward potential in the motor training of all
persons. The inability to make discriminations in smaller ranges
characterizes the average subject. For example, Phillips (54)
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and Young (91) both found differentiation in weights to be an
unreliable measure. Perhaps it is complicated by other factors
and might be considered in much thug same light as other forms
of perception. For example, differentiation in length of time
intervals is poor, or at least markedly influenced by the nature
and number of experiences occurring during the interval. Like-
wise, lines and figures are perceived differently in different
settings and viewings by the same subject. Henry (26) found
an increment of 1.25 pounds required to perceive a change in
pressure, though actual error in maintaining uniform pressure
was only .71 pounds. Slater-Hammel (70) studied this con-
sistency of effort by means of the muscle potential measured on
an electronic voltmeter. It has been thought that physiological
states, particularly fatigue, might influence the reactions. For
example, fatigue is assumed to make for inco-ordinations or motor
errors, to detract from correct judgment of passage of time in a
game, to create false feelings of heaviness in body segments,
and to inhibit steadiness. Studies to date do not substantiate this
assumption. Insufficient work has been done to indicate the effect
of practice on successive trials in kinesthetic measures.

RHYTHM
Rhythm is a regular recurrence of patterns, successive stimuli,

or impressions. It may be perceived through visual, auditory,
or kinesthetic channels. Tests of time, intensity, and rhythmic
pattern such as those of Seashore (63) are well known. How-
ever, ability on such tests does not correlate highly with dance
ability or other rhythmic motor response. This may be explained
by the fact that the subject taking a Seashore test makes a cogni-
five response and not a rhythmic one. It seems very possible that
rhythmic ability is closely associated with kinesthetic ability,
or at least certain aspects of kinesthesis. It might be assumed
that rhythmic accuracy is dependent upon ability to perceive
time intervals and adjust tempo and range of movement appro.
priately, that is, to make movements of the body or its segments
in prescribed positions, planes, and tempo, and frequently in
relation to auditory or vitlwal cues.

Research in physical education has concentrated upon the
motor response of the subject to an auditory rhythmic pattern
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as seen in Buck (6), Mussey (48), and Haight (18). Apparatus
has not been very practical, and responses have tended to consist
of finer movements rather than gross body movements character-
istic of dance. Again, relationship to dance performance is
poor. Ashton (1) presented a test of basic rhythmic patterns
based on subjective ratings. This is subject to all the problems
of the use of subjective ratings but would appear to te a possi-
bility for further study. Wag low (81) developed a somewhat
similar device for social dance.

Motor skills always involve a temporal sequence. Rhythm
can be used in establishing the correct temporal relationships of
co-ordination. Music is often used to set the tempo of work or
dance movement. Since rhythm is conducive to relaxation, :t
is often used to avoid fatigue.

To secure maximum benefits from rhythm in the learning
process, it must be used at the right time. The basic pattern of
the movement must have been learned, i.e., movement in correct
form and sequence. On the other hand, if used too late, it
must be individualized in tempo or the individual must be left
to practice at his own best speed as noted in Kingsley (37).
Music has been used as a teaching aid by many teachers, but
relatively few studies have been carried out to determine optimum
usage.

EMPATHY

Empathy is a projection of self into, or identification of self
with, an object, person, or action. It is probably the least under.
stood of attitude- emotional responses of the child or adult.
Certain things appear to be essential fo.. empathetic experience.
First, the subject must have the opportunity and aLility to observe
the situations or persons with whom this interaction is to take
place. Secondly, the subject must have previous experience
which makes for accurate perception of what he observes.
Thirdly, the subject must respond freely and without distractions,
for the time being at least.

Empathy has long been recognised as a basis for enjoyment of
art, of the beauty and grandeur of nature. Certainly the same
can be said for appreciation of quality in movement; for dance
as ar art form; for impressions given by body postures, gestures,
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and other movements. PP.L ,ps the same kind of experiences
explain at least in part the enjoyment of play, of spectator sports,
of satisfactions of teaching the beginner a motor skill. Even the
personal interaction within a group may be affected by empathy
(59). These are hypotheses which might well be tested by care-
ful research.

Probably the kinesthetic sensation is important in empathy.
Experience indicates a very different empathetic experience in
the observation of known skills in contrast to that of unfamiliar
ones, when previous experience in the skill has occurred, and
when the subject attends mentally and with changing muscular
tonus appropriate to the sequence of parts of the motor complex.
Here is another possible extension of the uge of kinesthesis in
everyday experiences, of improvement of learning through better
use of demonstrations, of better appreciation of movement as
observed in any situation, and of training for appreciation of
skill and artistic qualities of dance or sports.

DOMINANCE
The physical education teacher, like the teacher of any other

manipulatory skill, is well aware of the variations exhibited by
most subjects in facility and preference for using right or left
hand. Psychologists have debated over the neural explanation
for these variations, while the educational psychologists have
debated the advantages and disadvantages of imposing uniform
work habits.

The first interpretation of dominance assigned rather obvious
categoriesthe ht. and left-handed. There are, of course,
variations of these depending upon the habits developed. From
the manipulative standpoint, there are those who use either hand
readily and successfully and a few who have no real preference.

The matter of dominance is broader than handedness. It in
cludes feet and eyes, and Sinclair and Smith (66) suggest also
dominance in the side on which breathing is done in swimming.

Dominance is determined by tests as described by Hildreth
(29). These are so arranged that practice effects cannot cover
up natural tendencies. The preferred hand is the one the subject
considers dominant and is not always the one determined by
dominance tests.
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In physical education the usual practice is to permit the
student to learn all skills as either a left-hander or a right-hander
unless equipment, such as golf cf. hs or hockey sticks, restricts.
Comparatively little has been done to study learning problems in
relation to gross motor skills and dominance factors. Fox (14)
concluded that the beginning bowler should use the preferred
hand rather than the dominant one. This is doubtless due to
habit developed in other skills. Sinclair and Smith (66) found
that "laterality" in breathing was a more important factor in
determining side and crawl stroke patterns than was either eye,
hand, or foot dominance. Their summary fairly well covers the
present situation with respect to this problem. They point out
the complexity of laterality as a fa.-tor in motor learning, recom
mending that the teacher should expect and promote a consistent
pattern and that attention to movement patterns as related to
laterality should be given, particularly at the elmentary level.

PLAY

Play is one of several forms of activity used in the processes
of education. In the use of play as an educational tool, it is
important for all teachers to understand the motives of the
individual playing and the characteristics of play at the successive
age levels. For the physical education teacher it is doubly im
portant that the psychological implications of play activities be
understood. However, relatively little has been done to study
the actual motives and attitudes of the child at play.

In setting up a research study in this area, it is imperative
to understand the theories of play and to establish clear-cut hypo-
theses relative to the psychological function of play. A helpful
summary can be found in Wheat (85:41). New developments
such as sociometry and the sociodrama provide new tools to be
used. (See Chapter 5.) Studies in this field are interrelated with
those of attitudes, motivation, and personality.

PERSONALITY

Personality is defined in various ways which reflect the thinking
of the writer relative to the organization of the individual's
behavior. Certainly, an individual's behavior is affected by his
attitudes toward people, things, and circumstances. It is also
affected by his trails or manner of respondingan intimate,
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personal, or unique organization of these traits. It is the organi-
zation of the traits in relation to an individual's needs, drives,
and abilityand the relative strength of expression of certain
traitsthat makes the personality. An investigator in the area
of personality must have a clear-cut operational definition as a
guide to formulation of his stud". The importance of the con-
cept as a working basis is brought out by authors such as
Stephens (73).

Since attitudes represent one phase of the personality structure,
consideration should be given to methods of determining attitudes.
This can be done by a direct approach with attitude scales or
rating scales, man-to-man scales, etc. (See Chapter 5.) It may
also be done by indirect methods.

These indirect methods vary in use and intent. In dealing
with groups, particularly if trying to modify attitudes, the socio.
drama may be used. In dealing with individual assessment, otbar
techniques would be more suitable and would aim at under.
standing the total personality rather than the respective traits.
These are sometimes classed collectively as projective techniques.
They include personality inventories, the Thematic Apperception
Test, and ink blot testseach in several variations. (See Chap.
ter 5.) Hurley (33) gives one of the newer versions of the TAT.
Summaries of the application of these techniques can be found
in reports by Furst (16) and Rothney (60). There has been
some use made of these in physical education, with special designs
to fit the situation and with free or unstructured response. They
appear to have promise in revealing general patterns of response,
emotional stress in relation to certain stimuli, and individual
differences in reaction.

A newer development in this respect, growing out of social
and personal status of the individual, is the "Who Am I ?" type
of test (38). It appears to be indicative of the individual's
concept of self and his role in his environment. There is also
some evidence that it may differentiate between professional
groups. It has been used with physical education teachers and
students (34).

Since personality is usually interpreted as having certain social
implications, special techniques have been developed to determine
social interaction, friendships, popularity, leadership status, etc.
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The sociometric techniques (35) have been used enough in phys-
ical education situations to establish their worth and to indicate
their value as measures of social and emotional learnings (82,
93). Hale (19) proposed criteria for better interpretation of
the sociogram and comparison of groups at different times, thus
making the measurement of changes more feasible.

There would appear to be a promising field for the physical
educator in the study of personality. It is a challenge which
could lead to better understanding of the individual, of class
groups, of social growth of individuals, and of maturity of
adjustment.
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CHAPTER 12

Research and the Curriculum

LOUIS E. ALLEY
RALPH H. JOHNSON

WALLACE ANN WESLEY

TRH CURRICULUM BUILDER MUST DETERMINE TIDE VALUES THAT
are considered by society to be desirable and must attempt to de.
fine specific, fractional objectives that, when realized, will result
in the attainment of those values. He must select the activities, the
experiences, and the instructional materials through which the
objectives may be reached. He must organize and arrange these
activities, experiences, and instructional materials in such a man
ner that the objectives may be realized efficiently. He must evalu
at_ in terms of the declared objectives the effectiveness of the cur
riculum he proposes.

The problems faced by the curriculum builder are broader and
less clearly defined than are the problems attacked by the worker
engaged in "pure" research. The worker in pure research is con
cerned with testing specific hypotheses under rigidly controlled
conditions. The researcher in curriculum works within a general
area concerned with the nature and needs of contemporary society,
the nature and needs of children and youth, and the nature of the
learning process. To accomplish his task, the curriculum builder
must employ a variety of techniques which directly or indirectly
utilize most of the research methods described in this volume. He
must philosophize concerning the nature of the "good life." He
must gather historical and current statistics from a wide variety
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of sources, tabulate them, analyze them, and interpret them in
terms of their implications for education. He must glean from the
research in related fields of knowledge the findings that are appr r.

priate to his purposes. He must formulate hypotheses, measure,
experiment, measure again, and interpret the differences in his
measurements. He must attempt to link effect with cause.

Krug (102:254) states that research as related to curriculum
development means "the gathering and interpreting of evidence,
from any source whatsoever, primary or secondary, that is useful
and necessary in the solution of educational problems."

The diversity of the problems in which the curriculum builder
is interested prohibits any but a cursory treatment in this chapter.
An attempt has been made to acquaint the reader with the nature
and scope of the problems faced by the curriculum researcher and,
by classifying and documenting studies that are readily accessible,
to guide the reader in gaining insight into the manner in which
some of these problems have been attacked. The studies docu-
mented illustrate attempts to solve such problems. No effort has
been made to describe and evaluate the research techniques elm
ployed.

Research and the Curriculum in
Physical Education

LOUIS ti. ALLEY

When one examines the research related to the development of
the curriculum in physical education, sharply defined shifts of
emphasis often cannot be chronologically identified. In general,
emphases in such research have paralleled and lagged behind de-
vOtopments in the theory of general education. Once established,
an emphasis continues to exert an influence upon subsequent re-
search. To point out one of many examples, the attention drawn
by educators to the importance of "interest" to the 'earring process
(for an example, see 46) exerted a continuing influence upon re
search in physical education to the extent that some 30 studies in
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which interests in physical education were investigated appear in
the Research Quarterly.

HISTORICAL TRENDS
It is possible, however, to describe in general terms the shifts in

emphasis, and the developments in respect to research procedures
employed, that appear to have played major roles in the evolution
of the curriculum in physical education. An indication of the
chronological sequence of the trends discussed may be found in
the dates of the publications cited.

Articles in which programs of physical education as offered in
specific schools are described appear in early issues of the Re.
search Quarterly (28, 31, 143). Such articles probably motivated
some teachers to examine their own programs critically and to
modify them in instances in which unfavorable comparisons indi-
cated a need for such modification.

Surveys to determine current practices in physical education
were among the early attempts at research related to the curricu
lum. In 1933 an account was published of a comprehensive survey
(19) of selected schools in which the curriculums in physical edu-
cation were considered to be outstanding. Accounts of similar
surveys (for an example, see 134) have appeared regularly in the
literature up to the present date as researchers in curriculum have
attempted to keep informed concerning current changes in the field.

Attempts to utilize the weight of expert opinion in shaping the
curriculum have played a major role in research related to the
curriculum. The Committee on Curriculum Research of the Col-
lege Physical Education Association in 1930 published the first of
a series of reports on a continuing study designed to develop a
comprehensive graded program of physical education extending
from the first grade through college (for summary of reports, see
108). The opinions of college and university experts in physical
education, of state and city directors of physical education, and of
physical education instructors were collected and analyzed and
used as the basis for the proposed curriculum.

The development of tests of physical qualities (Chapter 8), ini
proved statistical techniques (Chapter 7), and the utilization of
research methods employed in physiology and in psychology
(Chapter 11) enabled the curriculum worker to determine the ef-
fects of specific activities upon participants (I 1, 12, 51. 70, 71,
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77, 92, 141, 176, 186, 188), the effects of programs of activities
upon participants (105 177, 181), and to compare the effective-
ness of differein types of programs (154, 185, 187).

Studies of the physical growth of children (118) and of the
acquisition of motor skills as functions of maturation (47, 67,
114) were followed by studies of the roles played by growth and
maturation in the performance of activities common to physical
education programs (52, 53, 54, 55, 94, 103, 137, 164).

The advent of World War H not only exposed an alarming lack
of fitness on the part of the male youth of the United States, but
also created the need for programs that developed physical fitness
to a high degree. In short order the physical education curricu
lums in high schools and particularly in colleges (151) were
adapted to meet the needs of young men bound for war. As a re-
sult, the literature during the war years is liberally sprinkled with
research studies to determine the effects of physical fitness pro-
grams upon the participants (16, 43, 74, 98, 131).

When instruments for evaluating emotional reactions, person-
ality traits, and social adjustments were made available, research-
ers in physical education attacked the problem of attempting to
determine the effects of participation in specific activities and in
programs of physical education upon emotions, personality, and
social adjustment (12, 85, 86, 87, 113, 155, 16:1, 167).

Under the direction of Bookwalter and others, a series of studies
(133) was initiated to evaluate, by means of the LaPorte Health
and Physical Education Score Card No. II, the physical education
curriculums nffered in each of the states. In addition to presenting
an over-all picture of physical education in high schools through.
out the United States, these studies afford opportunities for come
paring the programs offered in the different states; for determining
the relationships between the status of physical education in the
high schools and such factcri as school enrollment, site of come
munity, accreditation, geographic area, type of school district, and
consolidation; and for compar'ag, in terms of pupil achievement,
the results obtained in high schools that offer good physical educe-
lion programs with the results obtained in high schools that offer
poor programs.

A study by Maus rtd Hirschland (100), which disclosed that
the "muscular fitness" of American youth compared dnfavorably
with that of European youth, unleashed a chain of events that re.
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suited in the formation of President Eisenhower's Council on
Youth Fitness (149) in July 1956. Many state committees and
councils on fitness have been formed and the impact of nation- wide
attention on fitness is being reflected in school programs of physi-
cal education.

A major share or the published research that relates to the cur-
riculum in physical education is concerned with physical education
at the college and university level. Very little attention has been
given to research related to the physical education curriculum for
the elementary and secondary schools. The growing emphasis
upon action research (Chapter 13), in which problems related to
the curriculum are studied in practical situations, is a promising
development that may result in improved physical education cur-
riculums in elementary and secondary schools.

RESEARCH IN CURRICULUM DEVELOPMENT
Biological Nature and Needs of Children and Youth. Research
related to the biological nature and needs of children and youth
provides basic information with which the curriculum builder may
formulee guiding principles for establishing curriculums in physi-
cal education (for examples of such principles see 39: 145.146,
165.166, 186, 208.209, 237, 258-259). Research that is directly
concerned with the effects of activities upon participants is also
invaluable to the curriculum worker. Examples of both types of
research are documented below.
Physical Growth and Motor Development. Because the activities
that comprise the curriculum should be selected and assigned to
grade levels in accordance with the physical growth and motor
development of the children and youth for whom the curriculum is
intended, basic studies of growth and development such as those
reported by Baldwin (6), McGraw (114), and Meredith (118)
are of particular interest to the curriculum researcher.

Espenschade (52), in a comprehensive study that was a part of
the Adolescent Growth Study of the Institute of Child Welfare of
the University of California, investigated the relationship between
a selected group of motor functions and anatomical and physio-
logical development. She has also reported studies that deal with
the role of physiological maturity in physical activities (54),
changes in coordination with changes in age (53), and the effects

1
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of rapid growth in adolescent boys upon dynamic balance (55).
Dimock (47), in a study of adolescent boys, investigated the rela-
tionship of pubescence and growth in height and weight, the in.
fluence of age on physical growth, and the relationship of strength
and motor ability to pubescence. These studies provide basic ma-
terial for the curriculum builder.

Keeler (94), in a study of boys in grades 5 through 12, investi-
gated the relationship between maturation and performance on the
Johnson Skill Test. Neverq (137) studied the effect of the various
cycles of maturity (prepubescence, pubescence, postpubescence)
upon the ability of junior high school boys to perform selected
motor skills. Jones (88) conducted a longitudinal study to deter.
mine differences in strength for premenarcheal and postmenarcheal
girls of the same chronological ages. Seils (164) assessed carpal
X rays to determine the maturity of girls and boys six to eight
years old and attempted to determine relationships between matur-
ity, physical growth, and proficiedcy in performing selected gross
motor skills.

Sex Differences. Moore (127) summarized the findings of re-
seerch workers in regard to sex differences that affect perform.
ance in physical activities. The findings are classified according
to anatomical differences, physiological differences, and psycho.
logical differences.

Physiological Effects of Exercise and of Participation in Specific
Activities and in Programs. Among the unique contributions made
by physical education toward the accomplishment of the objectives
of general education is the development of physical fitness. A
knowledge of the physiological effects of exercise and of participa-
tion in specific activities and in programs of activities is essential
to sound curriculum construction.

The curriculum builder wilt find such comprehensive sum-
maries of the effects of exercise as that prepared by Steinhaus
(171) to be invaluable as sources of information from which basic
principles for curriculum planning may be derived. The publica-
tions of Hellebrandt (63, 64) also provide such information.

Studies concerning the effects of exercises of graded intensity
include Shirley's study (166) of the response of the normal pre-
pubescent heart to graded exercises; Hogdson's study (69) of re-
spiratory and circulatory reactions to exercise; and Meyer's and



RESEARCH AND THE CURRICULUM 403

Tuttle's studies (120, 176) of the effects of graded exercise upon
the leukocyte count.

Numerous studies have been conducted to determine the physi-
cal effects of participation in specific activities. Such studies pre-
sent data concerning: (a) the effects of weight training upon such
factors as speed of movement, co-ordination, and power (30, 117,
188, 186) ; (b) the effects of horizontal-ladder exercises upon the
upper body strength of third-grade children (77) ; (c) the relation-
ship between the frequency of play periods and the time devoted
to play to such factors as physical fitness and motor ability
(178) ; (d) the effects of participation in water polo upon blood
pressure sod pulse rate (51) ; (e) the effects of participation in
interscholastic basketball upon the physical fitness of high school
boys (141) ; (f) the effects of a season of training and competi-
tion in track and field athletics upon the hearts of high school boys
(177) ; (g) the effects of participation in eight selected physical
activities upon the physical fitness and motor ability of college
freshmen (105) ; (h) the effects of participation in two-court and
three-court basketball upon the respiratory rates, metabolism,
pulse rates, systolic and diastolic pressures of college women (70,
71); (i) the effects of modern dance, folk dance, basketball, and
swimming upon the development, the agility, the strength, the flexi-
bility, the power, and the general motor ebility of college women
(11); (j) the effects of strenuous exercise programs upon the
physical efficiency of college women (181) ; and (k) the effects of
participation in marching, tree exercises, dance, and a tag game
(poison) upon the pulse rate of college women (150).

Cureton (40) has assembled in mimeographed form summaries
of 227 unpublished theses in which the effects of participation in
physical education and athletics upon college men are reported.
Psychological Nature and Needs of Children and Youth. The
curriculum builder should plan a curriculum in physical education
in accordance with the psychological nature and needs of the
children and youth for whom the curriculum is intended. Basic
research in interests, attitudes, emotions, and social adjustment are
of particular concern to the researcher in curriculum. This con-
cern is exemplified by a summary of studies that relate to adoles-
cents, together with the implications of these studies for the cur-
riculum in physical education (29).
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Interests. In most of the studies of the interests of children and
youth in activities, researchers have utilized the questionnaire
and/or interview method for obtaining data. Attempts have been
made to link interests and preferences of students to past experi-
ences (8, 9, 23, 26, 174) ; to physical qualities such as stature,
strength, and motor ability (5, 33, 48); to administrative policies
in physical education (26, 45, 90) ; and to the training of high
school teachers of physical education (26).

Cowell (37) utilized the diary analysis technique to determine
the activities that junior high school boys find interesting and
worthwhile. Alden (1) investigated the factors in the required
physical education program that are least desirable to college
women.

A major share of the studies of interests in, and preferences for,
("6 activities are concerned with students of college age. Studies re-

lated to interests and preferences of college women are more abun-
dant than such studies related to college men. Very few such
studies related to elementary school children appear in the litera-
ture; among those few studies are those by Lehman and Witty
(112), by Blanchard (13), and by the Committee for Elementary
School Boys and Girls of the New York State Physical Education
Standards Project (139).
Attitudes. Lapp (110) analyzed the responses of high school stu-
dents to a questionnaire to determine the values the students ex-
pected to derive from physical education. Cowell, Daniels, and
Kenney (38) studied, by means of a checklist, the values that uni-
versity freshmen and directors of service programs sought in serv-
iee programs and the values approved by college presidents.
Moore (125) used Form A of the Bues-Remmer Scale, supple-
mented by interviews, to evaluate the attitudes of college women
toward physical activity as a means of recreation.

Kappes (91) developed an inventory for determining attitudes
of college women toward physical education and student services
in the physical education department. Wear (182) developed an
attitude inventory for evaluating attitudes of college men toward
physical education as an activity course and later constructed
equivalent forms of the inventory to provide instruments for meas-
uring changes in attitude that result from intervening experiences
(183). The Wear Attitude Inventory was subsequently used to
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determine the attitudes of college women toward physical educa-
tion (10, 22).
Emotions, Personality, and Social Adjustment. To evaluate emo-
tional responses of college athletes, Johnson utilized changes in
heart rate, blood pressure, and blood sugar (85) ; psychogalvanic
and word association techniques (86) ; and Buck's House-Tree-
Person Test (87). Skubic (167) compared the emotional re-
sponses of boys participating in Little League Baseball and of boys
participating in softball in physical education classes.

Blanchard (12) developed a "behavior frequency rating scale"
for analyzing the character and personality traits that high school
boys and girls exhibited in physical education classes. Seymour
(165) used the Science Research Associates Junior Inventory, the
Wiunetka Scale for Rating School Behavior and Attitudes, and the
Ohio Social Acceptance Scale for the Intermediate Grades to study
behavior characteristics of participants and nonparticipants in
Little League Baseball. Reid (155) studied the contributions that
the freshman year in a liberal arts college for women made to
personality as measured by the Minnesota Multiphasic Personality
Inventory.

McCraw and Tolbert (113) studied the results obtained on so-
ciometric tests and on tests of general athletic ability to determine
the relationship of social status to athletic ability.

The Process of Learning. The curriculum should be organized
and arranged in temporal sequence in a manner condi..eke to effi-
cient learning and to meeting the needs of all the students. Con-
sequently, researchers in curriculum are interested in basic re-
search in the psychology of motor learning from which implica-
tions for physical education may be drawn, in studies of individual
differences in pupils, and in studies related to the grade placement.
of activities. Published research of this nature appears to be
rather meager in the area of physical education.
Psychological Theory Applied to Physical Education. Schwen-
d,_ter (159) discusses, with particular reference to time allotments
for instruction and to methods of teaching, the application of edu-
cational theory to physical education. The discussion by Corn-
well (36) of the psychology of motor learning has some implica,
tions for the curriculum builder.
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Individual Differences. The studies by aarick and McKee (152),
in which differences and similarities in children of high and low
levels of motor achievement were studied, and by Cowell (37), in
which consideration is given to the "fringers," are examples of
types of research in physical education that are needed to provide
basic information on individual differences for the curriculum
builder.

Grade Placement of Activities. Investigations designed to deter-
mine the grade placement of activities in terms of the efficiency
with which the activities are learned appear infrequem:y in re-
search in physical education. In studies of the effects of instruc-
tion in throwing upon the throwing ability of young children (49,
121), no improvement in accuracy as a result of such instruction
was reported, but improvement in the distance of the throw was
reported.

The most common procedure for attempting to determine the
grade placement of activities has been to utilize the weight of opin-
ions of experienced teachers (50, 153) and experts in physical
education (109),

Nature and Needs of Contemporary Society. Research studies
in physical education that are related to the nature and needs of
contemporary society and that have implications for the curricu-
lum include surveys of the status of current curriculums in physi-
cal education; surveys of the duties of .teachers and coaches (e.g.,
job analyses, combinations of subjects taught); studies of prob-
lems of beginning teachers; analyses of certification requirements
for teachers; analyses of the qualities regarded important by those
who employ teachers; and studies that reveal needs or deficiencies
for which physical education may be held accountable.
Current Status of Curriculums. Numerous questionnaire surveys
of current practices in physical education may be found in the
literature. These studies include surveys of elementary school
curriculums (60); junior high school curriculums (81); high
school curriculums (19, 35, 78, 83, 99); service programs in col-
leges and universities (7, 44, 151) ; coeducational programs of
physical education (34, 101) ; intramural programs in colleges
(59, 111); professional curriculums for undergraduates (3, 82,
84); and graduate programs (89, 140).
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As a step in developing recommendations for professional cur
riculuins for undergraduates, Peik and Fitzgerald (145) and Neil.
son (135, 136) analyzed course offerings listed in college clta.
logues.
Duties of Teachers and Coaches. Important data to be considered
in formulating the professional program in physical education
may be obtained from studies concerning the duties performed by
teachers. In such studies the duties of teachers are usually classi
fled in . :ms of the enrollments of schools in which the duties are
required (79) ; appropriateness of including in the teacher-train.
ing program preparation for suchduties (68); or frerrency, diffi.
culty, and importance of such duties (76, 116, 163).

Studies concerning the subject combinations taught by teachers
of physical education provide information that is useful in deter.
mining suitable minors for physical education majors. Such stud.
ies have been reporter' by Rugen (156), Street (173), Horton
(73), said Moore (126).
Problems of Beginning Teachers. Information gained from studies
of problems encountered by beginning teachers may be used to
determine points for emphasis in the teacher-training program (18,
93). Brown (25) compared the problems encountered by student
teachers with the amount of attention given to the problems in text-
books on methods of teaching.
Analysis of Certification Requirements. Studies by Morehouse
and associates (128, 129, 130), in which the requirements for
teacher certification in physical education are presented, provide
information necessary to formulating the professional program
for undergraduates.
Qualities Regarded as Important by Employers. In prescribing
professional programs for undergraduates, attention should be
given to developing in students the qualities desired by employers.
Reports designed to provide such informrtion include the view-
point of a state director of physical education (175), the view
point of a school administrator (20), and a summary of the opin-
ions held by administrators and principals in large towns and
cities (61).
Needs or Deficiencies. Moffett (123) conducted a questionnaire
study designed to provide information useful in formulating a
graduate program to meet the needs of the teachers most likely to
attend summer sessions.
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The report of Kraus and Hirsch land (100) to the effect that
American children as compared with European children are defi-
cient in muscular fitness is a classical example of data useful in the
"shortage approach" to curriculum construction. Wend ler (184)
used the shortage approach in recommending revisions in service
programs and in physical efficiency standards for college students.

Research of a Philosophical Nature. The disagreement among
scholers concetning the place of philosophical studies (Chapter
15) in zcientific research is reflected in the literature by a dearth
of studies of a philosophical naturea dearth that is unfortunate
for the curriculum builder. Philosophical studies point out the
goals toward which the curriculum should lead; facts supplied by
scientific research serve only as guides for reaching those goals.

The curriculum should be determined by the values regarded
as desirable by society. The selection of such values is a matter of
choice. However, in choosing values and in developing a curricu-
lum designed to attain those values, the researcher in curriculum
should systematically assemble, study, interpret, and apply all
pertinent factsa procedure that necessarily involves philosoph-
ical considerations.
Determination of Objectives. The Committee on Curriculum Re-
search of the Co!!.,; Physical Education Association, in attempt.
ing to determine the objectives for physical education, initiated a
study (107) in which a variation of the "pooled thinking" method
described by Cureton (41) was employed. The committee col-
lected the objectives listed in books, state courses of study, munici-
pal courses of study, reports of national professional committees,
ind profespional journals; determined the frequency with which
the objectiVes were listed; classified the objectives under four
headings; and established criteria for selecting worthy objectives.

In establishing for each grade level the educational, emotional,
physiological, and social objectives for each activity in the curricu-
lum for elementary school and junior high school students, the
Research Committee of the Newark Physical Education Associa-
tion (138) utilized a procedure similar to that described above.
Establishment of Principles or Standards. Esslinger (56), in estab-
lishing principles for selecting activities in physical education,
utilized facts drawn from anatomy, physiology, psychology, and
education that are related to the growth, development, capacities,
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and interests of children, and facts derived from a study of con.
temporary society and social trends that are related to the needs
of children and adults.

Meshizuka (119) developed a program of professional training
in physical education for colleges and universities in Japan by
utilizing guiding principles based upon a critical review of the
literature pertaining to professional programs; a consideration of
the current program of professional training in physical education
in Japan ; geographical; socioeconomic, biological, and pedagogical
factors peculiar to Japan that condition the nature of professional
training; and a survey of programs of professional training in
physical education in 13 institutions in the United States and in
15 countries outside the United States.
Interpretation in Terms of Philosophies. In a study unique in
physical education literature; Clark (32) attempted an interpreta
tion of a college program in terms of realism, pragmatism, and
idealism in which she described the basic tenets of each philosophy
and examined the parts of the physical education program for
evidence of the influence of each philosophy.

EVALUATION OF THE CURRICULUM
Having examined and selected values, determined objectives,

and prescribed activities, the researcher in curriculum then should
evaluate the effectiveness of the curriculum he has prescribed. His
evaluation may be made in terms of the values he had selected as
desirable or the objectives he had set out to accomplish through the
curriculum he prescribed. He may evaluate, in the direction of
the objectives or the values, the progress made by the pupils, the
achievement level attained by the pupils, or both. In making his
evaluation, he may utilize objective measurements and rigid statis
tical procedures, subjective methods, or various combinations of
both. Having evaluated the curriculum, he may compare its effec
tiveness with that of other curriculums similarly evaluated.
Elementary School and High School Programs. Reports of evalu
ations of elementary school and high school programs in physical
education are rather limited in both number and scope. Kelly
(95) utilized the LaPorte Score Card No. I, personal interviews,
and a supplementary questionnaire to evaluate the elementary
school program offered in the public schools of Lafayette, Indiana.
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Rath (154) compared the effectiveness of three types of physical
education curriculums for ninth-grade boys by comparing the gains
in strength made by hoys in the various programs. Bookwalter
(17) describes he attempts made by Bonsett in Indiana high
s^hools and by De loll in Wisconsin high schools to determine the
relationship between the standards governing the administration of
physical education programs (as measured by the Health and
Physical Education Score Card No. II) and the achievement of the
objectives of physical education (as measured by selected tests of
physical fitness, sports skills, sports knowledge, and attitudes).

Several self-appraisal checklists by means of which persons or
commitiees may evaluate programs of physical education in sec-
ondary schools have been developed, usually by state or national
committees. Daniels, at the direction of the Ohio Association for
Health, Physical Education, and Recreation, developed such a
checklist (42) for use in Ohio secondary schools. The items in-
cluded in the checklist reflect the thinking of selected specialists
who were familiar with physical education in the secondary schools
of Ohio. The American Council on Education, through the Com-
mittee on Cooperative Study of Secondary School Standards, de-
veloped criteria that may be used for evaluating all phases of the
secondary school curriculum, including physical education for
boys arid physical education for girls (4).
Service Programs in Colleges and Universities. During World
War II, the development of physical fitness was emphasized in
most service programs for men in colleges and universities. Evalu-
ations of such programs were usually made in terms of gains in
physical fitness or in terms of levels of physical fitness achieved
by participants (16, 43, 74, 98, 131).

Phillips (146), in, evaluating the service programs in liberal
arts and teachers colleges of New York, determined from the state-
ments of authorities and from a survey of authoritative literature
the needs of college students that should be fulfilled through physi-
cal education, and the basic principles that should govern the
operation of the physical education program. Program standards
based on these needs and basic principles were submitted to a
panel of 12 recognized authorities in the field of physical educa-
tion, and optimal and essential standards were established. Data
concerning the programs offered in colleges and universities were
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obtained by means of questionnaires, the reliability of which were
determined by visits to selected institutions.

Wilbur (185) compared the effectiveness, in terms of changes
in Physical Fitness Indices, of a gymnasiumtype, program and a
sports-type program.

Kenney (97) evaluated the effectiveness of the required physi-
cal education program for men at the University of Illinois in
terms of the leisure habits of the University o'i Illinois graduates.

Adapted Programs. Landers (104) developed a score card with
which to evaluate physical education programs for physically
handicapped children in public schools. The score card is based
upon the needs of such children as determined by a survey of the
literature and from the results of a questionnaire survey of the
opinions of experts in the areas of medicine, orthopedics, physical
therapy, correctives, and adapted physical education.

Broer (21) determined the effectiveness of a basic skills ourricu-
lum for women of low motor ability by comparing the levels of
achievement in skills and knowledge, and the changes in motor
ability and attitude of two matched groups of students. The first
group, before entering the service program had participated in a
basic skills curriculum; the second group entered directly into
the regular service program.

Professional Curriculums. Research in which the evaluation of
professional curriculums is a primary objective includes: (a) the
development of criteria based on an analysis of certification re.
quirements in each of the states, an analysis of the professional
requirements in selected schools that offered curriculums for
majors in physical education, and the opinions of experts in the
field of physical education (15); (b) evaluations, by teachers, of
the adequacy of the training they received at the institutions they
attended (14, 80); and (c) a comparis n of the changes recom-
mended by educator* and the changes that actually occurred in
state teachers college curricuiums (157).

Campbell (27) evaluated one aspect of the professional curric-
ulum by comparing the ocores made by physical education maiors
on the American Council of Edecation Contemporary Affairs Test
for College Students with national norms for such scores and with
scores made by majors in areas other than physical education.
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Standards for evaluating institutions that offer professional cur
riculums in physical education have been formulated by national
committees. As the basis for developing standards for a four -year
undergraduate curriculum and a three-year graduate curriculum,
the National Committee on Standards (132) determined the basic
characteristics of secondary school curriculums of physical educa-
tion and analyzed the types of duties required of physical educa-
tion teachers. This committee also formed a National Rating
Committee.

In 1952 the National Continuing Committee for the Improve-
ment of Professional Preparation in Health Education, Physical
Education, and Recreation, in co-operation with the Committee on
Studies and Standards of the American Association of Colleges for
Teacher Education (currently called the National Council for
Accreditation of Teacher Education) developed evaluation sched-
ules in health, physical education, and recreation that may be used
as self-evaluating instruments or by visitation teams in evaluating
professional curriculums. Evaluaion Standards and Guide, a
booklet published by the American Association for Health, Physi
cal Education, and Recreation in 1959, is a revision of these evalu
ative criteria for college and university programs.

DEVELOPMENT OF INSTRUCTIONAL MATERIALS
Research ventures in the development of instructional materials

have been largely limited to the construction of knowledge tests
in physical education activities; the classification, evalusZion, and
development of films suitable as instructional aids in physical
education; and the co- operative development of a textbook in
physical education for high school students.
Knowledge Tests. Few reports of studies designed to produce
knowledge tests in physical education for elementary school and
high school students appear in the research literature. (See Chap.
ter 8 for a comprehensive discussion of knowledge tests.) Heath
and Rodgers (62) developed a knowledge and skills test in soccer
for fifth- and sixthgrade boys. Schwartz (I58) developed Tscales
based upon the results of scores made by high school girls on
knowledge tests in &Fla basketball. Stradtman and Cureton (172)
prepared a physical fitness knowledge test for secondary school
boys and girls. It is designed to mature a knowledge of desirable
practices in developing and maintaining fitness.
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Knowledge tests in physical education for college students nave
received a considerable amount of attention from the research
worker. Reports of such tests provide measuring instruments de-
signed to test the student's knowledge of a single activity (24, 57,
66, 147, 160, 161, 162, 179, 180) and batteries of tests covering
a number of activities (65, 168, 169, 170). For a limited number
of activities, knowledge. tests designed for physical education
majors are available (58, 96, 106, 122).
Films. Hughes and Stimson (75) developed a classified list of
films related to health and physical education that are available to
teachers. Payne (144) constructed a rating scale for the evalua-
tion of such films and developed a catalogue in which selected
films suitable for use in classes in physical education for girls are
listed.

Homewood (72) produced a sound film for use in teaching
skills commonly presented in beginning classes in girls basketball.
Owens (142) produced a film designed to provide a training ex-
perience for in-service and prospective elementary school class-
room teachers. Porter (148) produced a similar film for special
teachers of physical education in the primary grades.
Textbook for High Schools. The co-operative development and
publication of a textbook in physical educatio; for high school
students (124) marks the first attempt in physical education to
provide comprehensive, standardized reference materials for such
students. The impact of the textbook upon secondary school cur-
riculums has not been determined (for a discussion of the possible
impact upon the curriculum, see 2).

NEEDED RESEARCH IN CURRICULUM
The researcher who is interested in curriculum construction will

not lack problems to solve. The thoughtful student, noting the
research efforts that have been made in attempts to solve prob.
lems related to the curriculum, will recognize that many problems
remain unsolved. The total picture is far from a complete one.
Evidence that will justify many parts of the curriculum is either
inconclusive or missing. Considerable controversy exists concern
ing the manner in which the known parts should be fitted into a
unified pattern.

If the evidence to support the curriculum was complete and
clear in every detail, the researcher in curriculum would still find
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plenty of work to be done. The curriculum cannot long remain
static because the society for which the curriculum prepares chil-
dren and youth is constantly changing. The curriculum should be
continually evaluated in terms of meeting the needs of the children
and youth it is intended to serve, and changes indicated by the
results of the evaluations should '.1,a promptly made.

Below are listed some suggestions for research studies which, in
view of the research completed, would appear to be both fruitful
and needed:

1. Studies in which the results of research already completed are
summarized, evaluated, and interpreted in terms of practical
implications for the physical education curriculum. Particular
attention should be given to research completed in the areas of
child development, psychology, and sociology, as well as to re-
search in physical education.

2. Studies of a philosophical nature in which attempts are made to
determine the values to be sought through the physical education
curriculum, together with suggestions of means by which those
values might be attained

3. Longitudinal studies of the development of strength, endurance,
and fundamental motor skills as measured by tests commonly
used in physical education, with particular attention given to
Individual developmental patterns

4. Studies related to such problems associsled with the organization
of the curriculum as (a) grade placement of activities in terms
of difficulty of activities and pupil readiness, (b) vertical se-
quence with respect to each activity and with respect to all the
activities included in the program, (c) distribution of time allot-
ments, (d) provisions for individual differences, and (e) activi
ties that should be required and activities that should be elective

S. Studies in which the effectiveness of the use of curriculum mate-
rials (textbooks, films, charts) is evaluated

G. Studies in which the curriculum is evaluated in terms of Derma-
nent effects on participants

7. Studies related to physical education in the elementary school
8. Studies In which the roles of students and lay people in curricu-

lum development are investigated.
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Research and the Recreation Program

RALPH H. JOHNSON

In developing a program of recreation, the researcher is con-
fronted by problems that are similar in nature and scope to those
facod in building the curriculum in physical education. Partici-
pation in an organized recreation program may be regarded as an
educational experience, the program of recreation being analogous
to the curriculum of the school. Further, many aspects of program
planning in recreation are closely related to school planning. The
need for school and community co-operation in the planning of
recreational and school activities is evident. The co-operative
planning of school and recreation programs and the joint use
of facilities for such programs have proven to be successful pro-
cedures in the states of California, New York, and Wisconsin and
in the cities of Chicago and Milwaukee.

The researcher in recreation utilizes all of the research tools
described in Chapters 5 and 7, and all of the research methods dis-
cussed in Chapters 9, 13, 14, and 15. The nature of the problem
and the purpose of the research determine the tools and the
methods employed.
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Great concern for research in recreation can be noted today, and
both basic research and the application of research findings are
urgently needed. Brightbill (7:41.42) states in a recent report
that there is a lack of knowledge based upon research and study in
the field of recreation, and further emphasizes that "it is essential
that the individual engaged in recreation research realize fully
that recreation is an identifiable area of living with its own objec-
tives, its own techniques, and its own contribution to enriched
living."

Brightbill's recommendations (7:42) for pertinent research
include:

What is the influence of recreation on personality growth? On the learning
process? On building good physical and mental health? On developing charac-
ter and citizenship? On stimulating democratic living? On mitigating the
extremes of crime and delinquency? As a mean' cf sustaining morale? In en-
couraging self-discipline and self-improvement?

Research dealing with the effect of participation in recreation
prGgrams upon individuals or groups and upon individuals con-
sidered in a natural setting holds much promise. The playground,
the craft shop, and the swimming pool provide the setting for
research that is related to attitudes and motivation and that meas-
ures practical and direct results of the program.

Efforts may be directed to the study of specific outcomes by
measuring the results of participation in terms of progress toward
the objectives of the program, and by measuring the long-range
effects of participation in recreation activities.

Larson (16:129) emphasizes the values to be determined by
direct research:

Under controlled conditions and applying various appropriate methods of
research, the physical, social and/or educational values resulting from participa-
tion would be determined. The research should be broal and comprehensive
and stem from the basic purposes or philosophies of a particular society.
Changes in people, as a result of participation, would serve as a basis for
establishing inherent values of various activities.

Recreation and sports programs may be studied in operation.
For example, Little League Baseball and Junior Football offer
excellent possibilities for such studies (30, 32, 33). A recent state-
ment by Wolfe (41:119) illustrates the need for such studies:

Widespread debate is still going on over the issue of football in lower schools.
Just three weeks ago a regional physical education director sounded the chal-
lenge, "Show me one shred of evidence that playing football below the senior
high school level is harmful to the participants." His statement was made to a
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nationwide assembly of physical education directors during his defense of his
own school system's football program in lower schools. No one was in a posi-
tion to provide the evidence he demanded. None of us as yet has sufficient data
to produce authoritative answers, one way or another. Since such programs are
in operation, the living material Is available for study--indeed, for basic re-
search on a problem that is plaguing countless educe:,rs and parents.

Attention may be given to philosophical, historical, sociological,
and comparative approaches to problems in recreation (17). At-
tempts to implement research and to bridge the gap between re-
search and practice are badly needed. To obtain effective results,
such attempts should utilize the efforts of workers in the field
(18, 20). Pooling of findings and communication between workers,
researchers, and others who are concerned with recreation is
essential.

Research is important to program development, and the research
outlook is needed by those who work in complex practical situa-
tions. Recreation workers can study whole situations in actual
settings. Barnes (4:2), in discussing the role of the teacher in
research activities, makes the following observation which is also
applicable to recreation workers:

Practitioners in education are Ideally located for research activities. Their
day-by-day work keeps them close to the world of reality.... They are intimate
with the necessary research "subjects.' . . . They live in a place extravagantly
supplied with "data." . . They are products of a broad systematic education
designed to equip them with competent bases for thought and judgment; a pre-
requisite for hypothesis making.

HISTORICAL TRENDS
Even though research in recreation is relatively new, the prob-

lems to which research methods have been applied are broad and
diversified. Prior to 1950 most research studies in recreation were
reported in the Research Quarterly (11, 14, 24). Since that time,
there have been many listings of such studies, and extensive efforts
have been made to co-ordinate such listings.

When the Recreation Division of the American Association for
Health, Physical Education, and Recreation was established in
1950, a research subcommittee was formed. Seven areas of con-
cern to research workers were listed: philosophy, organizations
and agencies, measurement and evaluation, program, leadership,
administration, and the profession.
Summaries of Studies. In 1949, a joint conference of representa-
tives of the California State Recreation Commission and the De-
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partment of Physical Education at the University of California at
Los Angeles emphasized the need for research on problems related
to the recreation program (22). It was pointed out that attention
needed to be directed to historical studies (9, 10, 35, 36), the
effects of social change on recreation, geriatrics (18), population
mobility, church recreation, recreation in therapy, and intercul-
tural and interracial studies. The need for interdepartmental co-
operative research, using city departments and other agencies as
laboratories, was stressed; and it was recommended that attention
be given to applied research, the results of which could be immedi-
ately utilized.

In 1949, Weatherford (40) reported on research in recreation
that covered a ten-year period. He points out some of the problems
and difficulties faced by the researcher and emphasizes particularly
the complexity of the activities in recreation, and the variability
of activities in reference to socioeconomic structure and other
factors. The variables in group dynamics and social control are
stressed, and it is pointed out that suitable instruments for study-
ing the recreation needs of groups are not available.

In a later report on research problems in recreation, Weather-
ford (39) listed the major problems as:

1. Measurement and evaluation
2. Programs and projects
3. Leadership and professional preparation
4. Certification and Civil Service qualifications
5. Municipal Recreation Administration
6. Rural Recreation Administration
7. Recreation areas and facilities.

He suggested research projects related to curriculum and program
study in items 1, 2, 3, 5, and 6 listed above.

Ruys (25) emphasizes that the number of inventory-type studies
far overshadows the number of the purposes of recreation, and
indicates a need for additional historical studies and for the analy-
sis of the scientific aspects of recreation. He recommends that
studies completed in related fields and directly concerned with
basic principles underlying recreation should be collected and
analyzed. Such examples as motivation, goal-seeking, level of
aspiration, and biological need for play are listed.

Listings (1) of needed research having application to the recre-
ation program cover recreational interests and needs of high school
students, recreation for the aged, sociometric studies of effects of
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activities on status in the group, and studies relating motivation
and skill to participation.

Co-operative Research Efforts. Research studies at the University
of Illinois have been planned as a result of interest on the part of
professional personnel in Illinois, and have been co-ordinated with
the interests of graduate students. In 1956, this planning was re-
ported by Brightbill (8:440) as follows:

The University of Illinois has been working closely with the research com-
mittee of the Illinois Recreation Association for several years in identifying and
proposing problems for research and study. The major purpose of these co-
operative arrangements is to gear graduate research to help solve major recrea-
tion problems of the recreation practitioner and simultaneously provide experi-
ence in research for those pursuing advanced degrees in recreation at the
University.

Problems are elicited from membership of the Illinois Recreation Association,
evaluated, rated in terms of priority need, and then assigned to qualified investi-
gatorsif mutually acceptable to both the graduate student and the university
authorities.

Over sixty projects have already been suggested by association members.
More than ten of these studies have been completed and include material on
such matters as co-operation with school district, co-ordination of community
recreational services, volunteers, minority problems, financial practices, nomen-
clature, fringe areas, population trends, public relations, park-schools and
public-school camping. Latest projects are a study of the backgrounds of recrea-
tion personnel in Illinois, recently completed, and a plan for the registration or
certification of recreation personnel in Illinois soon to be completed.

An even more intensive effort to secure co-operation between the Illinois
Recreation Association and the University of Illinois on recreation research
projects will be made in the future. As Russell Perry, President of the Illinois
Recreation Association stated, "Plans call for workshop meetings in which the
committee lists the relative importance of subjects, the study of which will be
an asset to Illinois recreation. Committee members, representing various com-
munity sizes and organizational structures, should be able to provide a wide
variety of problems suitable to graduate study."

As a result of the co-operative planning described above, a study
was completed which served as the basis for the development of
public recreation in St. Charles, Illinois (34). In a second study,
the historical development of one of the most publicized recreation
programs in the United States (the program at Decatur, Illinois)
was examined (28).

At the National Recreation Congress in 1956, it was emphasized
that the recreation leader or administrator should make a profes-
sional approach to his job. Six ways in which any leader may
make a contribution to the research program are listed (38):

I. By identifying and stating problems in the field that require research. Prob-
lems that must come from the field if recreation is to progress.
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2. By collecting basic data, such as recording behavior relating to recreation
experience of participants. Case studies would be invaluable contributions
to recreation literature.

3. By reading and interpreting results of research. Many practitioners need to
learn how to understand and appreciate research.

4. By using and applying the results of research in recreation and related fields.
Recreation needs a "critical" approach.

5. By writing simple reports of agency activity using accepted research proved-
urea. Recreation workers should learn to use the "tools" of the tradehow
to state the facts and communicate them to the profession.

6. By cooperating with persons doing research. The resources of recreation
agencies, personnel, facility, and programwise should be made available for
research purposes.

Summary. The principal emphasis in recreation research has been
on the activity program. Research in process has been directed to
the study of professional preparation, history, philosophy, and
social relationships. Further, it has been indicated that co-opera-
tive studies with other fields, rehabilitation studies, and geriatric
studies are needed.

Studies in recreation present unique problems, since participa-
tion in the programs is voluntary and the control of variables is
difficult. The resulting difficulties are offset to a degree by the
fact that observations can be made under normal program condi-
tions. The application of testing procedures developed in the
behavioral sciences makes it possible to measure individual traits
and changes, and to analyze social change and social interaction.

Studies that require the application of scientific methods to
problems at the operating level have been recommended. Some
recreation departments and agencies have been doing operational
research in efforts to solve practical problems. For example, the
District of Columbia Recreation Department now employs a full-
time research person. Personnel limitations and a lack of special.
ized personnel have hampered progress, but it has been shown that
many opportunities exist in which recreation employees may co
operate with research persons in practical research situations. Re-
sults obtained from co-operative research projects may be applied
immediately.

The number of professional groups engaged in promoting and
conducting recreational activities, and the limited co-operation
among such groups, serve to inhibit the application of research
methods to problems in recreation. The need to bring together
research and program information and to develop procedures for
the exchahge and co-ordination of these materials has been ein
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phasized. Co-operation among the American Recreation Society,
the National Recreation Association, the American Association for
Health, Physical Education, and Recreation, and other groups is
necessary.

Attention has been directed to co-operative efforts to develop
research listings and to the creation of a central clearinghouse to
disseminate research information. Some progress has been made
toward co-ordination at the program level and in relating the
efforts of university and special agencies to research.

RESEARCH METHODS
The research procedures of the classical sciences have been ap-

plied to some problems in recreation. Historical and philosophical
studies have been completed, but the primary emphasis has been
directed toward case studies, appraisal studies, and survey studies
of many types (26, 19, 23). The techniques of observation, inter-
view, questionnaire, and group deliberation have been most fre-
quently used. Such procedures have been criticized, but Brightbill
(7:42) says:

Recreation is and always will be inescapably related to personality growth,
. although nothing must substitute for objectivity in research in this field,

interest and confidence in the potentialities of recreation are essential to intel-
ligent exploration of it.

Emphasis has been placed upon the need to apply scientific
methods to existing problems, and it has been pointed out that
departments and agencies are involved continuously in studies of
participation, costs. and interests. The need for co-operative re-
search and for use: of research results by all concerned has been
stressed. The team approach may be utilized in attacking prob-
lems in recreation. The recreation leader, the educator, the physi-
ologist, and the psychologist may work together as a research team,
with the recreation person acting as the leader and the initiator of
the study.
Specific Techniques. Research techniques listed by Meyer and
Brightbill (21:74-80) include:

1. Conferences and meetings
2. Observations
3. Inspections
4. Inventories
5. Interviews
6. Questionnaires
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7. Personal documents
8. Library study
9. Group deliberations

10. Survey committees
11. Public-opinion polls
12. Review of records and reports
13. Appraisal and comparison with national standards

Survey studies in recreation have limitations which should be
taken into account when implications are made from the results of
such studies. However, such studies represent co-operative efforts
to solve recreation problems and are important to the successful
operation of community programs, The study of resources and
limitations in particular situations has merit in the solution of
specific problems at the operational level. Preliminary studies
can be helpful in initiating new programs; and periodic studies
provide information for possible adjustment in program and offer
opportunity to evaluate the status of on-going programs.

Meyer and Brightbill (21:81-85) describe several varieties of
surveys and survey sponsorship, and list as the elements in the
survey procedure the survey committee, representatives of agen-
cies and interested groups (both !ay and professional), and the
survey team. This team does the !dual work, prepares the report
for the approval of the survey committee, and publicizes the
findings.

Procedure for Limited Studies. Meyer and Brightbill (21:81.
82) describe as follows the procedures used in carrying out limited
studies:

The limited recreation study is widely used to secure facts on the more im-
mediate and closely related recreation elements and resources. Generally it
seeks to provide information on total population and a breakdown according to
age, race, and income. It takes special cognizance of the school population, and
if possible determines anticipated growth or decrease of the population, as well
as its distribution according to the neighborhoods or districts. It gives the
highlights of local government, including its financial powers and status, its
history, and an administrative and financial analysis of the several departments
which may have an interest in recreation. Information on city planning, housing
conditions, square miles of territory, and neighborhood boundaries is part of
the report. Delinquency, accident, and health rates are sought as well as other
social data which may appear to have some relation to the recreation problem.
The number, types, and sizes of outdoor areas and indoor centers, together with
information on equipment and apparatus, are listed. The number and types of
recreation staff personnel and the definition of their duties and responsibilities
are also a traditional and necessary part of the limited study. The program
is checked against possibly one hundred or more activities commonly found in
community recreation systems, including sports and games, arts and crafts,
music, dramatics, social recreation, nature and outing activities, educational and
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civic affairs, hobbies, and special events. Information is also ussernbled on
matte,. relating to state and local recreation legislation.

The study includes a listing of the facilities, program, and constituency of
voluntary youthserving agencies, the programs and facilities for recreation of
churches, industries, labor groups, private clubs, and organizations. Finally, the
facilities, practices, and operations of commercialized recreation Including
theaters, bowling alleys, taverns, dance halls, skating rinks, and amusement
parks, are tabulated.

After the facts are gathered, they are analyzed. This analysts, correlating the
several factors, provides the basis for the major and minor recommendations.

It should be emphasized that the recreation survey involves all
the agencies in the community (5, 29). Some of the agencies have
administrative involvements and provide facilities, and others
have primarily program relationships.
Social and Behavioral Research Techniques. There has been a
trend to associate research in recreation with research in the social
and behavioral sciences (15) and to adapt the techniques and
methods employed in those sciences to research studies in recrea-
tion. Ruys (25:9) cautions that the researcher must keep in mind
that, in spite of many variables, recreation studies are primarily
of "man" and suggests that the researcher not get involved with
too much detail and forget that "man" is the essential unit. Re-
search in recreation can be geared to the study of "man" on the
spot and the knowledge gained from such studies can assist in
understanding the total individual or group in action (6). General
methods recommended by Ruys are the historical, philosophical,
descriptive, collaborative and integrative, genetic, growth and
developmental, and experimental and statistical.

In addition to the techniques described in relation to the survey
procedure, the research techniques suggested as having merit are
sampling procedures, physiological and psychological tests, socio-
metric techniques, social indices, and case studies.

One of the major difficulties encountered in conducting research
in recreation is that of adapting the studies to accepted research
procedures. Many of the problems for which answers are sought
do not fit classic research patterns. However, hypotheses can be
established which provide the link between practical research prob-
lems in recreation and investigations which may lead to new facts
or to new generalizations. There are many factors which make
research in recreation programs difficult. Among the most impor-
tant are the problems involved in (a) identifying and controlling
variables in the broad setting of recreation programs, (b) relating
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the cause of change to the effects as measured, (c) matching indi-
viduals or situations, and (d) maintaining consistency throughout
the research study. In experimental research, groups can be care-
fully matched, the study controlled, and the results measured. It is
seldom possible to employ this procedure in attacking the types of
problems facing the recreation researcher in the practical situation.

A number of plans (12, 4) developed in social research are
recommended for the recreation researcher.

1. A research design which involves be /ore and alter studies. This
procedure involves a single experimental group which is tested
to determine characteristic behavior; the experimental feature is
applied, and the group is retested; and the change that has
oxurred is measured and analyzed. A limited use of this tech.
nique has been made in recreation. It is possible for recreation
workers to use this design when practical considerations prevent
the use of control or comparative groups.

2. A singleroup after.phase design. This procedure is primarily a
descriptive one and is concerned with a report of current con.
ditions or status. It involves the collection of data and the deter.
urination of the interrelationships of the characteristics found.
Such studies are not experimental or predictive in any sense, but
they provide the background for later predictive or evaluative
studies. Most simple surveys would fall into this category.

3. The ex post facto experiment. This is a variation of the before
and after studies and involves singlegroup research. The general
pattern proceeds from the past to the present and involves a
process of selecting and using information already recorded. By
this procedure, accumulated information such as health records,
participation records, and anecdotal accounts is utilized. The
information can be set into an experimental design effectively,
and records can be matched for all items except the experimental
or study factor.

As contrasted with the experimental studies involving quantta-
tive data and raw scores from tests, or other material from which
direct computations can be made, many of the program studies in
recreation involve qualitative data such as ratings, verbal scores,
and other estimates. These estimates must be translated into
numerical scores or percentages. The qualitative data can be
handled in quantitative terms, and can be scaled, classified, sum-
marized, and interpreted. Such data can be considered to be useful
if the data can be classified in such a way that it can be used to
answer a specific question. This process involves coding and the
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scaling and weighting of responses and results. Descriptive statis-
tics are useful in classifying and summarizing these data. The use
of descriptive data as outlined in these study patterns may permit
the researcher to assume that his group represents a whole popu-
lation and not a sample (31). No generalizations to total popula-
tions need be made, but the researcher can infer that results may
be true of other groups.
Research Clinics. Barnes (37) in his work with home economics
teachers has experimented with a procedure which has merit for
the field of recreation. He suggests clinics in community programs
to:

1. Develop an understanding of research design
2. Foster skill in individual and group use of research results
3. Provide stimulus for use of the research approach to the solution of onthe

spot recreation problems.

He emphasizes the need to see, understand, use, and criticize re-
search techniques and points out that research methods may be
learned through experience and repeated practice. In preparing
the Illinois Curriculum Program Reports (13), the assumption
was made that teachers can be researchers. Recreation leaders can
also use research proceedings to improve individual practice and
to join with others to solve problems and thereby improve pro-
grams.

This viewpoint advocates a broad base of research and a wider
circle of those engaged in research. It goes beyond the piecemeal
noncontinuous study which can only consider a small part of the
program and is often fragmentary. It is suggested that there is a
need for:

1. Beginning research at a limited level but in which many studies
are involved.

2. Research by personnel on the job. (The implication is made that
there are not enough research specialists, and that they are not
in contact with real situations.)

3. Recreation leaders to assume responsibility for simplified studies.
(They have partial preparation and can initiate and carry out
some projects.)

4. Further training of recreation leaders through inservice clinics.

Suggested areas of emphasis for the beginning researcher are
descriptive studies, prototypes of research in society (such as the
Gallup poll), surveys of past and present with projections to the
future, descriptive studies and status studies for information on
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which to base experimental study, and experimental studies in
which one simple variable is added to predict change and to study
extent of change.

Anderson (2) recommends that new procedures and tools should
be developed to measure effectiveness of programs. Several out-
comes of comprehensive efforts to evaluate recreation programs
are suggested:

1. To determine extent to which objectives are acco:dplish.1
2. To determine degree to which program meets the needs mid desires of the

community
3. To measure progress of various phases of the program for long-range plan-

ning
4. To provide lam's' information for fund-raising or public relations
5. To compare program to national standards
6. To provide incentive for employees.

Evaluation of leadership, activities, time participation, areas,
facilities, finances, and community organization are needed. Activ-
ity evaluation is particularly pertinent and is basic to the success
of the program. Appraisal schedules, sue! as the schedule for the
appraisal of community recreation prepared by the National Rec-
reation Association, are particularly useful. Recent efforts to relate
recreation research to city planning are significant. Co-operative
work of architects, city planners, and recreation personnel has
resulted in the preparation of standards and holds promise for in-
ventive research in new areas of facilities and program develop.
ment.

NEEDED RESEARCH IN RECREATION
In summary, it is emphasized that there is a "need to determine

the contribution of recreation activities to the physical welfare of
different age groups. Physical outcomes should be measured and
reported in meaningful terms. Moral and social values of recrea-
tion should be studied, and the results obtained should be consid-
ered in revising recreation programs. Evaluation of the interests
and needs of individuals and groups is desirable, and generaliza-
ticas should be made on the basis of such evaluation. Interdisci-
plinary relationships need to be analyzed; and procedures for
co-operation among personnel involved in health, physical educa-
tion, recreation, and city planning need to be studied.

The Research Council (1:56) of the American Association for
Health, Physical Education, and Recreation has listed the follow.
ing pertinent suggestions for research studies in recreation:
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1. The development of an instrument which may be used to predict
the success of the prospective recreation leader

2. A study of the agelevels of readiness of children for the develop-
ment of basic recreation skills

3. A study of those leadership techniques which have proved most
successful in the conduct of various recreation activities

4. A study to determine the factors which cause chilLren and adults
to drop out of recreation activities

3. Origin of established recreational interest
6. Collecting hobbies of the residents of a small community
7. Longitudinal study effects of recreation
8. Analysis of therapeutic value of recreation
9. Study of motivational factors in sports

10. Longitudinal studies of changes in recreational interests and
patterns

A recent emphasis on broad training of recreation leaders, to
include cultural and general education and attention to scientific
and statistical study, offers encouragement for inservice advance-
ment and research in recreation. As stated by Sapora (27:24),
"There is a need for the recreation practitioner and the researcher
to join hands more closely. Each can learn from the other. No
profession can advance when there is too great a gap between
theory and practice."
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Research and the Curriculum
in Health Education

WALLACE ANN WESLEY

Health education is concerned with the dissemination of know!
edge and the development of habits and attitudes that result in im
proved personal and community health. In the broad sense, health
education deals with such topics as growth, nutrition, the preven
tion and cure of disease, the correction and adjustment of physical
defects, mental health, family relations, and the building of a
healthful environment.

Health education is a distinct field of study in the manner that
English, mathematics, and biology are fields of study. Health &du.
cation borrows facts from medicine, physiology, history, tnthro.
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pology, sociology, psychiatry and psychology, child development,
education, and a host of other disciplines. The development of a
curriculum in health education requires that these facts be synthe-
sized and integrated into an effective, functional health program.
To attain this end, the health educator must seek to understand
human behavior and to learn why people do or do not employ the
health practices that they know will lead to improved health.

The school program of health education is concerned with the
instructional materials used in the school and with all of the school
activities in which a knowledge of proper health practices, desir-
able health habits, and favorable attitudes toward healthful living
may be acquired.

Conducting, evaluating, reporting, or recommending needed
research related to the curriculum in health education presents
several difficulties, one of which is determining the meaning of
"curriculum." Because the areas of health services, health instruc-
tion, and healthful environment overlap, the curriculum in health
education is interpreted here in a liberal sense as the totality of
factors in the school and community that affect the health behavior
of the pupils. Research related to the curriculum in health ethic
lion is defined here as the systematic study of the conditions under
which human behavior occurs, and the investigation of the kinds
of conditions in schools that effectively promote certain desired
pupil behavior (13).

Much of the research related to the curriculum in health educa-
tion has been concerned with the testing of health knowledge and
with surveying opinions and attitudes toward health concepts.
The success of the efforts directed toward building a sound curric-
ulum in health education might be enhanced if an increased share
of the total research efforts were invested in studies concerned with
the behavior and the health practices that result from existing pro-
grams of health education.

Everyday "common-sense" observations and opinion. are not to
be disregarded, because an analysis of them may contribute much
to the understanding of learning and behavior. However, even
though such observations and opinions are useful, systematic re-
search is needed to identify the teaching procedures that contribute
most to the development of desirable health habits and favorable
attitudes toward healthful behavior.
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HISTORICAL TRENDS

An abundance of excellent materials based upon experience and
opinion is available in the field of health education (1, 2, 4, 7, 9,
17, 103, 104, 105, 107, 116). Hon'ever, this abundance cannot be
matched with curriculum materials based upon research.

As might be expected, the philosophy of early programs of
health education paralleled the philosophical trends in medicine.
Medicine cured; fear of poor health was the basis for health educa-
lion.

Earlier generations of students studied such subjects as hygiene,
anatomy, and physiology. In Hygienic Physiology by Steele
(133), published in 1872, students learned that "The skeleton is
the image of death. Its unsightly appearance instinctively repels
us .. ." This information, negative in its effect upon students, was
not related in any way to health practices. Hygiene courses were
filled with rules of thi3 "don't" type, and often the material in
eluded in the courses was completely unrelated to the pupil's
environment.

In Cleveland, Ohio, considerable foresight in planning a health
program for the schools was shown when, in 1917, a health survey
was conducted and summarized (16).

Bliss (155) repotted in 1917 on an experiment in which an
attempt was made to determine the effect of open windows in the
classroom on the incidence of illness among the pupils. He reported
that illnesses occurred more frequently when the windows were
kept open than when the windows were kept closed.

Also in 1917, a group of physicians, educators, and public
offic:als formed the Child Health Organization in an attempt to
improve the health of the public through education. They believed
that the schools were the logical place to teach health (70, 139,
23), and they suggested a positive, rather than a negative, approach
to teaching health rules. This group sponsored the publication
in 1924 of the first book entitled Health Education (104).

In 1925, the American Child Health Association (8) surveyed
C6 cities to study the health habits of children. They believed that
the curriculum in health in the schools should be based on the
health status and practices of the students being taught.

In 1925-26, children in the schools of the State of New York
were given health examinations. It was found that dental defects
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accounted for more than half of the defects reported. These figures
were used 20 years later in a comparative study by Maxwell and
Brown (32). They found 905 defects per 1,000 students in the
1925 group and 818 in the 1945 group. The over-all death rate
was about one-third greater in the 1925 group. More children in
the 1945 group had had defects adjusted than in the 1925 group.

Turner (142) in 1926 supervised health instruction offered to
two groups of fifth- and sixthgrade pupils. The children in two
schools received special instruction on matters pertaining to health,
while the children: in the other two schools did not. To check tho
effectiveness of the teaching, all of the students were weighed and
measured. The experimental group gained slightly more in weight
and considerably more in height than did the control group.
Although the usefulness of this experiment can be questioned, the
fact that this marks the beginning of research on the results of a
program of health instruction is significant to health education.

In 1926, Kaiser and others (71) tried to determine the results
of a special 20-week course in nutrition. Again, results were deter-
mined by weighing and measuring. The results offered little sup-
port for the special nutrition class.

In 1927, Wood and Lerrigo (154) developed a habitinventory
scale. This scale was published in their book Health Behavior,
which was used by many teachers to determine the content of their
health courses.

Another early study dealing with health behavior was carried
on by O'Neill and McCormick (114). The authors used the obser-
vation and questionnaire method to survey the health habits of
3,512 students. They found that the student.' habits, in general,
were poor.

The health status of draftees in World Wars 1 and II served as
a strong incentive for increased emphasis on the teaching of health
and on research. The mobilization of workers and the rapidly
shifting population throughout the intensified the need for
better health practices and protections.

Curriculum surveys of nealth education requirements in the
nation's schools indicate that 75 percent of the states provide some
health instruction (51). Thirty-four percent of the Mates report
that they have a teachers guide or course of study to assist local
tie-hook in developing their instructional programs. Later surveys
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of a similar type indicate a continued increase in the number of
states providing teacher guides.

On the other hand, a state regulation or guide does not always
indicate what is really being accomplished in the state. Various
surveys of the status of health instruction over a period of ten years
indicate a need to improve the quality of health education (32).

A recent trend in the construction of the curriculum in health
education is the utilization of the technique known as "action
research." For a full discussion of this technique, see Chapter 13.

In general, teachers have been found to be inadequately trained
in health education (46, 47, 48, 156). Research regarding teacher
qualifications affects the curriculum in that desired changes in
pupil behavior cannot be expected if teachers are inadequately
trained to develop and present a defensible curriculum in health
education.

The future of health education looks brighter than in the past
because some states now include health education as a requirement
for certification of all teachers. Special standards have been set
up for those teachers who specialize in health teaching (57). The
combined thinking of leaders in the United States concerning the
needs of all teachers in the field of health are discussed in Health
Education for Prospective Teachers, a report of the American
Association for Health, Ph-sieal Education, and Recreation (3).

HUMAN BEHAVIOR RESEARCH TECHNIQUES
In the basic sciences, many of the research techniques employed

and some of the results obtained in studies of behavior may be
applied to problems in health education.

Much of the available literature concerning the nature of learn.
ing applies to all school areas. Blair and others (19) list and dis
cuss much of the research concerned with individual needs, mature.
Lion, factors that affect responses, barriers to goal attainment, and
other information related to learning. Some specific studies that
deal frith attitudes, interests, and behavior may be found in the
fields of psychology, sociology, and public health (32, 35, 36, 49,
80, 113, 120, 141, 150).

Research in the areas of behavior requires experimental controls
to be established that do not influence the behavior normally ex.
hibited by the subjects, a requirement that makes research in this
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area extremely difficult. Thus far, scales, projective techniques,
and inferenceopinion checks have not been entirely satisfactory.

One effective type of test that has recently been developed is the
life-like situation test. This test provides a systematic means of
assessing complex behavior of individuals and groups. Many edu
catora hesitate to use the results of such tests because, they believe
that accurate measurement of the intangibles involved is impossi
ble. This point of view is understandable. However, these intangi.
bles must be measured if improved procedures for influencing
health behavior are to be developed (13).

Work constantly goes on to improve the reliability and the valid.
ity of the tests designed to measure the various factors that influ
ence behavior and to determine the relationship of these factors to
future behavior. In the area of vocational guidance, considerable
success has been experienced in predicting vocational success. The
application of the techniques utilized in this process might fruit.
fully be applied to the prediction of behavior related to healthful
living.

TESTS OF HEALTH KNOWLEDGE
A great deal of literature is available that will aid the teacher

in building his own knowledge tests to measure the information
acquired by the students as a result of instruction received in the
health education program (92, 93, 118, 119, 120).

Such tests may be used as comparative instruments. In such
instances, one form of the test is given before a unit of instruction
is begun and another form, covering the same information as the
first test, is given at the end of the unit.

Many health knowledge tests have been published. Some cover
only one area of health while others are more general in scope.
Many are designed for specific grades because of the variation in
reading ability between the grade levels. Teachers should examine
the test items to determine whether or not the test is useful for their
particular group of students.

A list of published health knowledge tests may be found in Test:
and Measurements in Health and Physical Eductiion, by Mcaoy
and Young (92: 399.401). Additional materials may be found
in other sources (42, 43, 123, 125).
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HEALTH STATUS AND THE CURRICULUM
Research on health status that influences the content of the cur

riculum in health education includes the physical examination (45,
51, 55, 85, 103), surveys of health status, and comparison studies.
In addition, some examples of findings that should be considered
in determining the effectiveness of the curriculum utilize the van
ous instruments for measuring physical growth and development
(84, 92, 93) .

The use of such measures as the Wetzel Grid, Pryor Width.
Weight Tables, Meredith Physical Growth Records, and others of
a similar nature gives pupils an opportunity to check their own
progress and to use this information as a basis for further study
(84). The study of nutrition and growth logically follows the
appraising of one's own growth pattern.

Surveyssuch as the accident study of the Metropolitan Life
Insurance Company, the recent survey of absences of 13,113 school
children in California and of the 7,000 children in Kentucky (32),
the study of fo'd habits of Wisconsin children, and the report by
the National Safety Council on accidental deathsshould do much
in the future to shape health curriculums. Dental research on the
control of tooth decay is basic to much of what will be included in
the curriculum regarding nutrition, dental care, and fluoridation
(30).

A number of evaluation instrumentsvariously termed check.
lists, survey forms, inventory charts, appraisal forms, evaluation
guides, and opinioninference formshave been developed to de.
termine attitudes, opinions, practices, and other health behavior.

In 1947, Lewis (44, 90) studied the interests of 3,600 pupils
in grades 4 through 12. As would be expected, he found that boys
and girls differed in interests. Eighty percent of all students were
interested in why people did or did not like them. Many of the
other interests noted would be worthy of consideration in the
building of a health curriculum.

Southworth, Latimer, and Turner (131) found that the scores
earned by students on health knowledge tests were not reflected in
their statements of the health practices that they followed.

Straus (136) found that approximately fourfifths of the boy,
and two.thirds of the girls who drank alcoholic beverages in col.
lege began the habit in high school.

(
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Kirkendall (76) found that many students lacked authentic sex
information. His findings were supported by the students them-
selves in a study conducted by Benefiel and Zimnavoda (18).

Byrd (29) developed a scale for students to use in checking
their own attitudes toward various health items. This scale is not
intended for use in grading a student but is to be used as a guide
in health teaching. Remmer's opinion poll and other examples of
inventories and 'scales are included in the bibliography at the end
of this section (8, 42, 43, 52, 69, 125, 140).

To maintain and to improve health, the community and the
school must work together. For examples of studies in which the
community and the school have co-operated in using various scales
and inventories, see 4, 9, 97, 112, 140, 146. Invariably, commu-
nity participation in school health projects has helped to improve
the health curriculum and the facilities of the school (83, 87).

One of the most ambitious evaluation projects in the field of
health education combined several of the appraisal procedures
described above in an attempt to measure the results of a long-term
demonstration reaching into several states. Through questionnaires,
tests, checklists, survey procedures and opinion polls, the persons
who conducted the study determined that their "experience-
centered" program was bringing about worthwhile results (96).

Since leaders in the fields of public health and industry have
had extensive experience in utilizing these appraisal techniques,
their guidance would be helpful to those who seek to determine the
most effective use of such techniques in the schools. Researchers in
public health measure the subject's familiarity with selected health
terms as an index to understanding in the field (34, 152).

A diversity of unproved methods and devices are used in the
teaching of health. An analysis of the various methods (65) indi-
cates a need for a variety of methods of teaching. Of course, the
effectiveness of any teaching method is in part dependent upon the
individual teacher using it.

Bryan (24), Humphrey (66), Knight (77), Bond (22), and
Strang (135) studied the effectiveness of demonstration, lecture,
group - lender, and group-discussion methods. In general, they
found that all have some merit. The success of the individual tech-
nique varies with the age level of the students, the leader, and the
time available. They also found that a discussion-decision type of
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group participation most frequently motivated people to put into
action the things that they had learned.

Existing conditions in the community should determine to a
large extent the content of the curriculum in health education.
However, some units of instruction are generally considered as
necessary for any adequate health program and should be common
to all curriculums in health oklucation. Such units have been
selected by means of analyzing textbooks (38, 56, 63, 64) and
the duties of health educators (117).

NEEDED RESEARCH IN HEALTH EDUCATION
There is a need for additional research in many areas of health

education. As pointed out by Strang (100), research is needed to
determine facts in the following areas: nutrition, thL prevention of
disease, sleep and relaxation, the benefits of exercise, growth,
methods of obtaining desired information about people, methods
of improving health services, and techniques of health instruction.
Additional suggestions for further research may be found in the
section on school health of the Yearbook of the Public Health Asso
ciaiion (127).

One of the most pressing needs in health education is the need
for a method of measuring the complex outcomes of a total situa
Lion.

Specific suggestions for research in health education include the
following:

1. The development of improved instruments for determining health
practices

2. The relationship between opinion and health practices
3. The utilisation of the team approach (public-health, school, and

sociological personnel) in determining what kinds of health be.
harlot may beat be learned in school and what kinds can best
be learned through other community agencies

4. The effect of the overcrowding of schools on the physical, mental.
and emotional health of the students

5. The sources from which students obtain the Information that
determines their health attitudes and practices

6. The relationship between health status and intellectual achieve.
malt

7. The observation of health practices
8. Longitudinal research (over several years) based on case studies

of individuals who have followed normal growth patterns and
hare not suffered from serious illness
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9. A comparison of the results obtained from various physical
measures such as the Wetzel Grid, the Meredith Physical Growth
Records, and the Pryor WeightWidth Tab leo, etc.

10. The determination of the grade levels at which health knowledge
can be most effectively taught.
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CHAPTER 13

Action Research

CAMILLE BROWN
RUTH ABERNATHY

ACTION RESEARCH IS A PROCESS WHEREBY INDIVIDUALS OR GROUPS

desiring change within a specific situation test the procedures
which they feel may result in such change and then, upon arriving
at responsibly evaluated conclusions, put these procedures into
operation.

The purpose of action research is to change behavior. Whether
action research tests a new administrative organization in opera-
tion or clarifies the relationship between a selected teaching pro-
cedure and a specific need of children, the ultimate goal is
focused upon changing the behavior of individuals. Action
research seeks to cla.lfy and validate the relationship between a
given action and a given goal.

Research procedures utilized in basic and applied research
are used in action research. Action research, however, has two
unique components: (a) the researchers are the consumers of
the research, and (b) the research takes place within the situ
ation where the problem solution is needed and where the results
are to be put into operation.

Action research is not merely an action project. It is more
than an individual or a group attack on a problem through which
individuals may improve their understandings and skills and
put these understandings and skills into operation. Action

453
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research differs from other research in that it is formalized
through the use of research tools and techniques in evaluating and
recording the process.

VALUE

In today's world it is imperative to recognize the reality of
change. New possibilities for education need to be developed
in keeping with changing times. Policies, organizational pat-
terns, administrative details, subject matter, teaching-learning pro-
cedures, counseling and guidance tools and techniques, interpre-
tation of school to the community, the professional organization
all are subject to improvement. Change should be in the very
fabric of education.

Teachers and leaders are continually involved in making
judgments related to change. Judgments should be based upon
the most accurate information available and should be tested
for applicability. Group discussion is not enough. Change for
the sake of change should not be acceptable.

The value of action research should become clear in that it
provides an orderly, disciplined base for change. Because
responsible evaluation is inherent in the problem solution, results
are defensible.

PURPOSE AND MEANING

While the general purpose of action research is to change
behavior, at the same time generalizations are arrived at which
contribute to the body of knowledge to be further tested. The
generalizations are applicable to the same or to a similar situa-
tion, but are not universally applicable.

An action research project may fulfill several purposes at once,
but it is undertaken with a primary focus. For example, an
administrator with leadership responsibilities may participate
in action research in order to improve his ways of working with
others. The researcher, in such an instance, may be concerned
with improving himself in order to improve others and their
ways of working. In the process of change in behavior of indi-
viduals, administrative procedures and organization may be
forced to change to keep pace with the changing functioning of
the individuals involved.
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On the other hand, the researchers may purposefully use action
research procedures in the changing of a structure or an organi-
zation to make it possible for others to work or play more effec-
tively. Leaders may relate scientific foundations to the structure
and function of the school or recreation program in order to help
children, youth, and adults grow in a manner consistent with
present social changes. Leaders may need to change themselves
in order to be willing to change the school or other institutions
to make them consistent with the changing times.

The researchers may be concerned primarily with themselves
or with other subjects. In any case, the study is conducted within
a situation over which the researchers have some degree of
control.

In summary, the purpose may be to change the behavior of
the researchers; to change the behavior of others; or to change a
framework, an organization, or other structure which may in
turn effect changes in the behavior of the researchers or of others.

Research to Change Researchers. The researchers may be
parents, children and youth, administrators, teachers and leaders,
and other community members, as well as research consultants.
Teachers and leaders may be concerned with the conduct of
their many committee meetings. They may feel that committee
meeting time is not being used profitably. One such group set
up a plan for identifying good and poor leadership skills. They
first agreed on good leadership skills and then accepted the hypo-
thesis that, if the leadership skills and group member role respon-
sibilities were used as criteria and followed through, the meetings
would be better. Each meeting was to be evaluated against the
criteria. These individuals were concerned about changes in
their own behavior in order to accomplish other goals. All the
individuals involved are researchersthey are the subjects.
Research to Change the Behavior of Others. Researchers
may be concerned with learning new procedures and their rela-
tionship to goals involving the behavior of individuals other than
themselves. The goal is to help change the behavior of others
while providing researchers with better ways of working. The
researchers have a group of subjects within a declared situation.
The subjects may not know that they are part of a research
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project. The researchers aye changing something over which
they have some degree of control.

Measurement can be made of the changes in behavior of thc,
subjects, or of the possibilities for such changes, if the action
hypothesis and goal prove to be closely related. For example, in
a playground where the leader was working toward honesty devel-
opment, she delimited the problem to mean that, when games
were played, the individuals of their own volition would identify
their own outs or fouls. Her final true action hypothesis was:
"If the problem is set in terms of positive action, the pupils will
be honest." In dodgeball, the goal became, "Can I immediately
respond when I am hit by returning to the circle and quickly
being ready to help hit the others in the circle?" The goal had
now become, "Am I sr Ian enough to handle a new problem situ-
ation?" rather than, "How can I prevent others f. lm knowing
I've been hit?" Honesty became redefining the next goal. The
teacher learned how to help pupils face new problems rather
than cling to the lost goal. Prestige could be had by reaching
for the next problem. Pupil behavior changed in this pattern.
The teacher learned a new way of working.

The subjects may be pupils in a school or recreation agency,
so that the researchers have some control over the situation. In
other instances, the subjects may also be members of the research
team.

Research to Change the Framework. Researchers may be
concerned. with changing an administrative organization, a frame-
work, or a structure in an attempt to meet certain goals more effi-
ciently. Structure and function may be so closely related that
to change one is to change the other. In fact, the structure may
prevent attainment of the desired function.

One problem may be the identification of the relationship
between the goal and the organizational pattern. For example,
16-year-old high school girls in a required physical education
class in soccer exemplified poor interpersonal relationships. The
teacher was concerned about herself as a teacher and tried to
change; she used new teaching-learning procedures to bring about
the better interpersonal relationships and she studied student
health and backgrounds. She finally concluded that the girls
bad no reason for playing soccer, that they did not wish to play
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soccer, and that she might improve the interpersonal relation-
ships by changing the structurei.e., the activity. The hypoth-
esis became, "If the girls are involved in other activities, their
interpersonal relationships will change."

PROBLEM AREAS

Some problem areas which relate to the roles of teachers
and leaders and which may be dealt with through action research
are:

1. Finding better ways to meet needs of personnel. For example,
would sharing in certain administrative procedures make for
greater happiness on the job?

2. Finding new organizational patterns which better fit the functions
such as testing new patterns of organization for a playground
having a changing neighborhood population.

3. Finding better processes for achieving pupil goals while main-
taining the status quo within subject matter and school or recrea-
tion structuresuch as testing ways to help individuals improve
interpersonal relationships while working on a nutrition unit,
playing softball, or completing a community project.

4. Finding better processes for achieving pupil goals while being
willing to change the unit or other structure itself, if necessary,
to make for improved interpersonal relationships.

5. Finding better processes for achieving pupil goals by changing
the structure and organizational pattern to make them consistent
with certain beliefssuch es changing the subject matter or-
ganizational pattern of a school to a problem-centered one and
testing it in operation; or changing the structure of parks, recrea-
tion plans, or even the simple playground; or health programs,
physical education programs, or units of work within a program.

6. Finding ways to improve methods of teaching-learningsuch as
finding out what practices most closely meet the needs, tasks,
problems, or objectives of children and youth through health
education, physical education, or recreation, or through the inter-
relationships among the three areas.

7. Finding ways to improve counseling and guidance in health
education, physical education, and recreationsuch as identify-
ing what practices in these areas most closely fulfill certain
health needs of a selected group of young people.

8. Finding procedures which obtain satisfactory results in interpret-
ing the school to the community, such as testing the value of
newspapers to parents of a school.

9. Finding ways to improve a professional organizationsuch as
testing ways of improving participation of members.
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10. Finding ways to improve the efficiency and effectiveness of group
and committee meetingssuch as testing leadership skills in
staff meetings, PTA meetings, community service committee meet-
ings, youth service meetings, and professional organization
meetings.

LEADERSHIP

Research has been primaril) the province of the individual
project director working alone, or occasionally with one or more
research assistants, dedicated to the discovery of new knowledge
or the application of identie "truths." The research laboratory
has been seen as the location or situation within which variables
could be controlled. Sampling has been diligently handled in
order that generalizations might be drawn.

Action research, on the other hand, finds its laboratory in the
comparatively "uncontrolled" situation of the classroom or the
playground or in the organizational framework within which they
exist. The sample is the group or situation under investigation;
the project director and other researchers are drawn largely from
the practitioners involved in the day-to-day conduct of programs.

Action research calls for "creative teamwork" (8: ix). By
the very nature of the situation, there is a demand for competent
and creative teachers and leaders, as well as for competent
research specialists. The teacher or leader is needed by reason
of expertness in the given school or playground and his under-
standing and knowledges, while the research specialist may be
needed because of competence in research design and techniques.

Since those involved in the study are also "consumers" of the
results, and since the application of results takes place in the
situation over which the "consumers" have some degree of
control, the role of the teacher or leader is obvious. On the other
hand, the role of the consultant research specialist should be
equally obvious. The objective point of view, the expertness in
analysis, the knowledge of available instrumentalities, the under-
standing and anticipation of procedural difficulties cc uprise
another area of quality need.

Much of the effectiveness of a given study will depend upon
the degree to which the "experts" can work together toward a
common goal.
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Such co-operative work becomes an enriching experience. The
consultants working within the framework of teacher and leader
preparation can gain new insights into classroom and playground
needs and incorporate them into the preparation of the next
"generation" of teachers and leaders. The teacher or leader
actively engaged in the classroom or on the playground can
gain in confidence by trying new ideas and in competence by
making sounder evaluation of procedures used.

Consultant responsibilities go beyond assistance 'with research
and human relations skills, and include the techniques of helping
teachers move in the direction of self-initiative and self-direction.
Leadership, however, is continuous, with a consultant or status
leader assisting in the formulation of the study, the sharp identi-
fication of the problem, the appraisal of proposals made, and
moving co-operatively toward emergence of leadership within
the group. It seems clear that whatever the source, the leader or
leaders should he able to envision the total study, understand
the techniques needed, strengthen group relationships, and in
general serve the group in ways needed to move it toward a satis-
factory completion of the project.

STEPS IN ACTION RESEARCH

Identifying the Problem. Whether the study is simple or com-
plex, the initial step is the clear identification of the problem.
The concern of the individual or the group is stated. If the
action research being planned is a group project, the first state-
ment may seem to be nebulous, and th3 group may be unable
to make a clear statement immediately. At this point it is wise
to explore collectively each individual's own concern, and to
obtain as thorough an understanding of the situation as possible.

If an individual project is being carried on, the same steps
would be used. The individual might even explore his ideas
with others to help him formulate his own concern.

Exploring the Concern to Identify the Problem. Each person
may state his concern relating to the problem areawhy he is
concerned and what he thinks his concern is. These ideas are
recorded. Each member of the group is charged with a primary
responsibility to listen in order to be able to identify the real
concern of the group, which at times seems to he hidden. After
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discussing the concerns and hearing the recorded version, the
members of the group attempt to state the problem. At this
stage, group members may find they are talking about different
problems and may wish to divide the initial group into two or
more groups, each with a specific problem.

Describing Ideal State of Affairs. After the problem area is
identified, the ideal state of affairs relating to the problem should
be describedthat is, if the problem can be solved, what is
the desired solution? If group members are concerned' that
honesty be developed within the boys and girls with whom they
are working, they must first identify what "honesty" means within
the situation with which they are concerned. They need to point
out the behaviors within this learning situation which exemplify
the ideal state of affairs relating to honesty.

The ideal state of affairs is that described by the group for
a particular situation. It may not be the same as that described
by another group for the !same situation or by the same group
for a different situation. It is what is best for this situation at
this time, as seen by these researchers.

To determine whether the behavior described has the same
twining to all members of the group in actual practice, the group
tests the meaning. A systematic plan for identifying the mean
ing is made and followed by the individuals within the actual
situation, identifying the behavior describedfor example, hon.
esty. Within the situation, they record behavior examples which
are later considered by the whole group. At their next group
meeting, the members hear each other and determine whether
or not they are all talking about the same thingthat is, does
the ideal state of affairs as described in behavior have the same
meaning to all members of the group? The group members work
and rework until they are able to describe the ideal state of
affairs. They help to identify existing bias.

The researchers describe the behavior as seen in the situation
over which they have control, rather than the behavior in the
lives of the Individuals over which they have no control.

Evaluating the Situation. Having described the ideal state
of afftirs, the researchers are ready to identify the problem or
problems by finding out where the situation is in relation to
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the ideal state of affairsthat is, the researchers evaluate. They
measure the situation against the criteria of the ideal state of
affairs. The difference between what is desired (the ideal state
of affairs) and what the situation is, becomes the identified
problem or problems to be solved. The group considers these
problems and selects one with which to begin. These first steps
may even be considered to be a study. Such study involves rela-
tionships and possibilities which may otherwise be overlooked,
and limits the area to be studied.
Stating the Action Hypothesis. The action hypothesis is the
action suggested to bring about a solution to the problem. The
group explores ideas for solving the problemif we do this, or
this, or this, would the problem be solved? What is the most
likely action to be sele-ted for problem solution?

Group interaction at this point is important, for ideas may be
brought out that one individual alone may not have considered.
The group considers the actions suggested and selects the o:la it
believes has the greatest possibility for solving the problem. This
is stated as an ection hypothesis. That is, if we do this, we believe
this will bring about a solution to our problem.

When searching for a hypothesis, the researchers should con-
sider many possibilities. The hypothesis to be tested may be
found within the feelings of the individuals involved. For ex
ample, do the interpersonal relationships within the group make
for the attainment of the goal? A change in physical conditions
surrounding the experience may contribute to the solution of
the problem. The teachinglearning procedures, such as discus-
sion techniques and visual aids, may be considered. Perhaps
the hypothesis to be tested is found its the administrative or
organitaemal framework. For example, the subject matter
itself may be changed to bring about changes in behavior. These
and other possibilities need to be considered in deriving hypoth
eses to be tested.

Making the Research Design. A plan is made for testing the
hypothesis and evaluating the results. The steps to be taken by
each member of the group are determined and stated. The
tools and techniques needed to determine the relationship of the
action hypothesis to the problem are described. All dimensions
of the problem are considered, and techniques are described for
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each dimension. Forms for recording data are described. How
the tools are to be administered and how the results will be
reported are considered and recorded. The specific information
which must be recorded in order to have proper evaluation is
determined. Carrying out the action and evaluating the results
is seen in its entirety. There is real interdependence between the
methods of gathering data and the statistical methods to be used
in analyzing them. Channels of communication are considered
and planned for.

When appropriate standardized instruments are available, it
is wise to use them as one step in achieving valid analyses as
well as for comparison purposes. It may be necessary to devise
new instruments. If so, they should be pretested to determine
whether they are going to measure what they purport to measure.
It should also be made possible to consider whether the means for
recording data are feasible.
Testing the Action Hypothesis. The plan is carried out
within the actual situation where the change is desired by those
interested in making the changethe researchers. The relation.
ship of the action taken to the problem is determined through
certain evaluative tools previously described. The action takes
place, full records are kept, evidence is gathered and recorded,
and the data are analyzed.

Deriving Conclusions. The results are described and analyzed.
All members participating in the enterprise consider the results,
analyze implications, and derive conclusions. They arrive at
generalizations which they may wish to retest or put into opera.
tion. If the action hypothesis tested does rot solve the problem,
another hypothesis may be stated and tested. The group may
select another problem from those identified and continue toward
problem solution.

The selection of evaluative tools or research techniques and
the recording and analyzing or data may not be within the skills
of the ordinary teacher or recreation leader. The help of skilled
consultantsresearch specialistsmay be needed. They con-
tribute skills that the teachers and leaders may not have, and
in turn they are aided by the teachers and leaders who contribute
different skills.
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SUMMARY OF STEPS IN ACTION RESEARCH

!dents lying the Problem
1. Consider your situation. Select a problem or problem area about which you,

or you and other members of the group, are concernedan area in which
you believe change is needed.

2. Consider whether or not the problem has the same meaning for everyone
In the group.
(a) State the problem or problem area.
(b) Describe the ideal state of affairs In relation to the problem area.

Identify what the group members desire the situation to be.
Use examples of concrete evidence to describe what the desired
situation should be.

3. Determine what the situation is as related to what is desired by the group.
The problem is stated as the difference between what the group or individual
desires a situation to be and what the situation actually is.

Stating Ike Action Hypothesis
1. Consider possible action procedures which may solve the problem.
2. Select the action procedure which is most apt to solve the problem.
3. State the action procedure as an action hypothesis to be tested in the solution

of the problem.
Making the Research Design

1. Decide what evidence is needed to determine the degree to which the problem
may be solved through the action being taken.

2. Determine the tools and techniques needed to collect the evidence,
3. Ilan for recording and treating data.
4. Make s plan foe carrying out the action and evaluating the results.

Testing the Action Hypothesis
1. Gather evidence.
2. Record the data.
3. Treat the data.

Derising Condasions
1. Analyse the results; determine the relationship between the action hypothesis

and the goal or problem.
2. Make gefteralitations or derive inferences from the evidence.

Setting Nat Steps
1. Retest the generalisations resulting from the first action or state new action

tripottitsis to be tested.
2. Define a new problem.
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CHAPTER 14

The Historical Method

D. B. VAN DAtCH

THE HISTORICAL METHOD OF RESEARCH PROVIDES SCHOLARS WITH

a tool for securing reliable knowledge about the past. Research
workers using this method must collect, classify, and verify facts
in accordance with specific standards and must interpret and pre-
sent the facts in an orderly narrative that will stand the test of
critical examination. The same scholarly standards apply whether
the prol lem is concerned with the history of a nation, general
education, health, physical education, recreation, or any other
area of study. It has been suggested that the historical approach
is a method of inquiry that anyone can use who wants to study the
past (11:177). Even research workers who do not select historical
problems can utilize some techniques of the historical method to
evaluate the previous studies relating to their investigations.

PURPOSE AND SCOPE OF HISTORY

Although the roots of historical narration are embedded in the
cultural soil of antiquity, the purpose and scope of historical writ-
ing have changed through the ages. The first historical accounts
were related to the literary arts. They were folk tales and epic
poems that sought to entertain, to excite, to inspire. Very early,
however, a few ancient Greeks envisioned history somewhat as a
science --a search for truth. Thucydide, in the fifth century B.C.,

40
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aspired to be more than an imaginative story teller. lie desired
to secure an accurate account of the past that might aid "in the
interpretation of the future." He based his writings on his own
observations or the reports of eyewitnesses that he subjected to
detailed tests of reliability. For many centuries, most historians
ignored the research methods and aim of Thucydides. They wrote
history with the objective of glorifying the state or church rather
than of arriving at objective truth. Historians did not become dis-
ciplined by rigorous, critical standards of research until shortly
before the twentieth century.

Modern historians generally agree o. the techniques to employ
in evaluating source materials, but they still argue about the pur-
pose tend scope of historical research. Some men are seeking to
establish history as a science. Other scholars con'.end that this
transformation can never take place. Members of this latter school
of thought argue that history is concerned with a different kind of
subject matter than science and therefore requires a different
method and interpretation than science.

In general, there is agreement that historians are scientific in
certain respects. "The scientific method may be described as cone
sisting of three processes: observation, hypothesis, and experi-
ment" (16:58). llockett and others contend that modern historians
are scientific in that they critically and objectively investigate
their source materials and formulate hypothesestentative ex
planations for the occurrence of events or conditions. But, unlike
scientists, historians cannot test their hypotheses by direct ob.serva-
lion and experimentationcontrolled observation. They cannot
personally view the health, physical education, and recreation prac-
tices of a hundred years ago, nor can they perform experiments
that will create conditions exactly as they once were. The events
historians study have occurred in the past, and each is unique and
nonrepeatable under laboratory conditions. Historians base their
work on observations, but usually employ the method of testing
the reliability of the reports of observations made by others rather
than make the observations themselves. Historians test their by
potheses by re-examining critically the old evidence and searching
for fresh information about the past rather than by experiments-
lion and direct observation.
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Some historians dispute whether history can be c'assified as a
science on another basis. Science seeks to generalize. Although
both scientists and historians may start with propositions about
singular, particular, or unique events, the scientists' ultimate ob-
jective is to establish broad generalizationsuniversal laws or
theories, such as the theory of relativity and the law of gravitation
that will explain many unrelated, singular events, or conditions.
Scientists strive to establish laws that have predictive powerthe
capacity to predict that certain phenomena presently unknown
will eventually appear in specified circumstances.

Some historians believe that constructing laws by generalizing
upon historical data is entirely outside their research province.
They think that it is their duty to acquire richly detailed knowl-
edge of an event or condition that occurred in a particular time
and place in the past and to trace what preceded and succeeded
it. They are not concerned about what always, typically, or gen.
erally happens; similarities between events; or repeatable aspects
of events. They are interested in the unique aspects of a specific
event that differentiate it from other events. In their opinion, as
soon as a fact becomes merely an instance of a general rule or
law, it has lost its identification with the past and, therefore, is no
longer a historical fact. Historians of this school show causal
relationships between parts of an event or between the conditions
existing before and after it, but they do not seek to generalize about
the qualities an event has in common with similar events. They
do not try to establish generalizations or historical laws that will
predict what inevitably will reoccur under certain conditions.

F. M. Fling sunmarizes the opinion of this school of historians
as follows:

When our attention Is directed toward the &alginate, the kiirtleality of
past social facts, when they interest because of their importance for the shies,
noted** of pm In Ma activities ea s social beteg, in selecting the facts and
in grouping them into a comples, evolving whole, we employ the historical
method; the result of our work is history.

on the contrary, we are interested in Ow peat social loth hate in
common, is the way is which social facts tepee flame/yes, if our purpose is
to form eaterelisetioks, et leers, concerning social activities, we employ another
logical method, the method of the natural sciences. We select our facto not
tot their lodividsality or for the Importance of their individuality for a comples
whole, but for what each fact has is common with others and At syebiesis is
net a civvies, Wine triode, bat a gestettliestim in which no trace of ge
thiirilialety of eAt pest social fed mains. The result of our work is sociology,
not history. Thus the work of the historian supplements that of the sociologist.
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The historian is interested in quality, individuality, uniqueness; the sociologist
in quantity, in generalization, in repetition. (9:1517)

In contrast to Fling, some men contend that historians must go
beyond the description and interpretation of particular events in
the past. They believe that it is important to study the past for
the lessons it teaches, for the broad generalizations or laws that
can be derived from a study of historical facts. Like Thucydides,
they want to tell "what has happened and will hereafter happen
again according to human nature" (29). They believe historians
can discover and formulate the fixed laws that govern human
events just as scientists have discovered natural laws that govern
phenomena in the physical world.

Although many historians are intrigued with the possibility of
establishing historical laws, they recognize the difficulties involved
in the process. Arthur M. Schlesinger states the case as follows:

If h be said that the assumption of the reign of law in History is unscientific,
who can say that it is more scientific to assume that the development of man
as a social being has been casual, fortuitous, uncontrolled by law? . .. For
the immediate future ... the attention addressed to the discovery of historical
laws is certain to grow greater. The difficulties that lie athwart the welter's
path might well deter the stoutest heart because of the profuseness and tom.
*shy of the data to be analyzed and the impossibility of establishing control
conditions. (26:228)

Some scholars who agree that there can be historical generaliza
lion caution that it may not be the comprehensive type that pos.
sesses the precise, predictive power of the laws of natural science.
Thomas Woody states:

Cause and effect relationships . and the prediction of outcome, after the
manner of certain other sciences, have been generally thought to elude the
historian's method. In this again, however, the question of the precision and
the scope of prediction enters. Though the study of trends has made great
progress in the past generation, ambitious pretensions to reading of the future
and the guidance of politics, which appealed to Thucydid a, and to certain
modern historians as well, are rarely found. (34:179.80)

Because of the problems involved in trying to establish histori
cal laws, many scholars believe that "their tools are not suited to
dealing with problems of that type and have accepted the more
modest role of narrators and interpreters of men's doings, leaving
to the newer sciences of sociology and psychology the investigation
and formulation of the laws that govern them" (17: ?). The argu
ments of the disputants in the battle to determine whether history
is a science, or can become one, indicate that the war will probably
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continue for years to come. For the most part, however, educators
are not deeply involved in this controversy. Itt general, they hold
that there is a place for studies of unique, unrepeatable events as
well as studies that trace reoccurring factors, cyclical variations,
and similarities between events (11:172-73).

PROCEDURES IN HISTORICAL RESEARCH

Several procddures are involved in the historical method of
research: selecting and delimiting the problem; collecting and
classifying source materials; criticizing source materials; formu-
lating tentative hypotheses to explain events or conditions; and
interpreting and presenting the facts or findings. These are not
necessarily separate or successive processes. They may be pur-
sued in various orders. Usually there is considerable shifting
back and forth between the steps. However, for the sake of con-
venience and clarity, they will be con3idered separately in the
following discustion.

Selecting and Delimiting the Problem. Earlier chapters in this
book discuss the selection and delimitation of the research prob-
lem in detail. Since the general considerations of choosing a topic
remain the same regardless of the type of problem, it is sufficient
here merely to mention representative historical studies and thd
need for research in the field.

The dissertations listed in the bibliography (2, 3, 4, 6, 7, 8, 12,
13, 14, 21, 22, 24, 25, 27) are examples of health, physical edu-
cation, and recreation problems that students have investigated.
Abundant opportunities for other research in these fields are avail-
able. Relatively little work has been done in the past. As Thomas
Woody points nut, "Institutions, movements, men and women,
associated with the development of play and physical education,
are waiting for an historic interview" (34:186). Unless the pro.
fession soon devotes more attention to historical research, much
important Source material will be lost permanently to mankind.
With a little probing, scholars can find a multiplicity of urgent
and worthwhile problems to investigate.
Collecting and Classifying Source Materials. To engage in re.
search, historians must secure Elequat: and accurate information
about the past. To obtain information that will enable them to
advance knowledge, they explore two types of source matcrials--
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primary and secondary. Primary sources are original materials
themselves. Secondary sources are descriptions of primary
sources.

Primary Source Materials. Scholars also divide primary source
materials into two categoriesdocuments or traditions, and re
mains or relics. Documents or traditions are reports of events
made oral, written, or pictorial form with the conscious intent
of transmitting information. When historians use a documentary
sourcefor example, the minutes of an 1885 Harvard Athletic
Committee meetingthey do not observe the event personally but
rather rely on the reports of firsthand witnesses. Relics or remains,
the second type of primary source materials, are objects or ma
terials handed down from the past without the specific intent of
imparting information. They constitute an unconscious testimony
of incidents in the lives of people. Historians actually see or
handle relics or remains, such as playthings found by archeologists.
However, they cannot observe the ancient games personally and,
thus, must interpret how the toys were used.
Examples of documents and traditions are as follows:

1. Official Records: federal, state, or local legislative, judicial, or
executive documents, such as constitutions, laws, charters, court pro.
ceedings and decisions, tax lists, and vital statistics; church records;
and health, physical education, or recreation records of federal and
state departments, special commissions, professional organizations,
school boards, o, administrative authorities, such as minutes of
meetings, reports of committees, administrative orders or directives,
catalogues, surveys, annual reports, budgets, courses of study, class
schedules, salary lists, honors and awards, attendance records, health
records, accident reports, and spur's records.

2. Personal Records: diaries, autobiographies, letters, wills, deeds,
contracts, lecture notes, and original drafts ot speeches, articles, and
books.

3. Drat Traditions: myths, folk tales, family stories, dances, games,
superstitions, ceremonies, reminiscences of eye witnesses to events,
and recordings. (Sometimes these are secondary sources.)

4. Pictorial Records: photographs, movies, drawings, paintings,
sculpture, and coin.:

S. PubNIted Materials: nevr..)aper, pamphlet, and periodical arti
des; literary and philosophical works that convey information about
health, physics' education, or rtcreation.
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Examples of remains or relics are as follows:

1. Physical Remains: buildings, facilities, grounds, furniture, equip-
ment, costumes, implements, awards, and skeletal remains.
2. Printed Materials: textbooks, blank diplomas, record blanks,
contracts, certificates, attendance forms, report cards, and newspaper
advertisements.
3. Handwritten Materials: pupil manuscripts, drawings, and exer
cises.

The preceding classification of primary historical sources is
not precise, exclusive, nor complete. The same source material
may be either a document or relic depending upon the condition
or purpose of its use and the intention of the producer of the origi-
nal documenk or relic. For example, a record blank for a track
meet is a remain. But, if the record blank is filled in with names
of participants, time, and winners, it conveys information inten-
tionally and is a document.

The importance of primary sources cannot be overestimated.
They are the basic materials of historical research. "Without
them history would be only an empty tale, signifying nothing"
(34:185). Therefore, a scholar makes every effort to get as close
as possible to the original condition, object, or event he is study-
ing. The original copy of a book is better than a translation; a
visit to a playground, stadium, or historical site is better than a
picture of it. Examining the remains of a Roman bath is better
than reading about it.

A few people have exerted considerable effort in an endeavor
to collect and preserve original source materials. A number of
the collections, however, are fragmentary and unorganized. More-
over, the locations of many of them are not common knowledge.
Health, physical education, and recreation organizations and
sports associations have compiled records and statistics concerning
their particular areas of interest; some have also collected equip-
ment, costumes, photographs, ,nd other items. For example, ma-
terials are located in the Baseball Hall of Fame at Cooperstown,
New Yo:k; the Basketball Hall of Fame at Springfield, Massa-
chusetts; and the Ski Museum at Oslo, Norway. A few sporting
goods companies also have collections of equipment. The Ameri-
can Association for Health, Physical Education, and Recreation
in 1934.35 created a Committee for Permanent Historical Rec-
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ords and Exhibits, which became a standing committee in 1937.
Since that time, the Association has established a repository for
documents and relics at Queens College, New York.

Many historical societies, museums, libraries, high schools, and
colleges have preserved materials of interest to scholars. The New
York Public Library has an excellent collection of books and pic-
tures on sports and dancing. Records and equipment relating to
Dudley A. Sargent are in the gymnasium at Sargent College at
Boston University and the Harvard archives. Dr. Frederick W.
Luehring's varied physical education collection is located at the
University of Pennsylvania. Oberlin College has preserved Dr.
Fred E. Leonard's library, which contains many early physical
education books.

By talking with "old timers" in the community and the profes-
sion; exploring local libraries, old newspapers, second-hand stores,
and attics; and visiting sites of playgrounds, gymnasiums, schools,
and recreation areas, research scholars can unearth many source
materials. They also can find some private collections that are
worthy of investigation. For example, Dr. John Neitz of the Uni-
versity of Pittsburgh has an excellent library of old school health
textbooks; Major J. F. Leys, 194 Carling Avenue, Ottawa, Canada,
has a collection of R. Tait MacKenzie's work; Richard M. Lamb,
262'7 Middle Road, Davenport, Iowa, has a comprehensive library
of books, articles, and statistics relating to football; Jay Wyatt,
2233 West Street, River Grove, Illinois, has a collection of foot-
ball rule books dating back to the original edition.1
Secondary Source Materials. Secondary source materials differ
from primary source materials in that they are not firsthand eye-
witness accounts. They are not written by people who have directly
observed the event, thing, or condition discussed. Secondary
source materials are sunnnarios of information collected by others.
Examples of secondary sources are: encyclopedias, almanacs,
textbooks, and bibliographies. A source may be secondary or
primary depending on its use. For example, a textbook in the
history of physical education is usually a secondary source, but
it is a primary source for a scholar who is studying how writers
organize textbooks in this field.

I The author will compile a list of other collections for distribution, if readers
will acquaint him with the nature, extent, and location A available source materials.
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Primary sources provide the basic materials for historical re-
search, but secondary materials also serve useful purposes. Sec-
ondary source materials introduce students to possible problems,
inform them of work done by others on their topics, and lead them
to primary sources. They give background information to investi-
gators who cannot examine the original sources because of lan-
guage difficulties, the unavailability of materials, or the lack of
training in critical evaluation of specialized materials. Obviously,
the worth of a secondary source is directly proportional to the
competency of the author and the extent to which he utilizes
primary materials. Although secondary source materials are val-
uable, it is preferable to use the primary source when seeking
historical evidence.
Criticizing the Source Materials. Historians are always suspi-
cious of ti e authenticity and reliability of the raw data they collect
from prinary and secondary source materials. They realize that
"in historical studies doubt is the beginning of wisdom" (19:50),
for research based on untrustworthy sources is labor lost. Conse-
quently, scholars do not accept data as facts until after intensively
subjecting them to external and internal criticism.
External Criticism. Through external criticism, historians deter-
mine the identity and character of the author and the time, place,
and circumstances of the document's origination. They try to (Hs.
cover whether a document is an authentic one or a forgery and
whether the crated author rctually wrote the materials. To
analyze the authenticity and origination of source materials, his-
torians examine the text critically and ask some of the following
questions: Is the language, style, spelling, handwriting, and print-
ing of the document typical of the author's other work and the
period in which it was written? Did the author exhibit ignorance
of things a man of his training and time should have known? Did
he write about events, things, or places that a man of that period
could not have known? Did anyone intentionally or unintention-
ally alter the manuscript by copying it incorrectly, adding to it
or deleting passages? Is this an original draft of the author's work
or a copy? If it is a copy, is it reproduced in the exact words of
the original? If the manuscript is undated or the author unknown,
are there any internal clues in the document that reveal when,
where, why, or by whom the document was written?
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To engage in external criticism, scholars must lave an extensive
background in history. In evaluating their source materials, they
sometimes also find it necessary to seek help from auxiliary fields,
such as philology, chemistry, anthropology, archeology, cartog-
raphy, numismatics, art, literature, law, paleography, and various
modern and ancient languages, scholars cannot have a knowledge
of everything, but they should secure special training in the fields
most closely related to their problems. If they cannot undertake
the work of textual criticism personally on some points, they must
at least seek the opinion of the most competent experts in the field.

Internal Criticism. In external criticism, historians are concerned
with the time, place, authorship, anti authenticity of the document.
In internal criticism, historians are concerned with the meaning
and accuracy of the stateracnts in the document. In internal criti-
cism they ask two types of questions: What did the author mean
by each word and statement? Are the statements the author made
accurate and trustworthy?

Investigating the meaning of a statement, technical term, or
archaic word can be a very complicated task requiring consider-
able knowledge of history, laws, customs, and languages. Many
words in older documents that are very familiar to us do not have
the same meaning today that they had in earlier times. Interpret-
ing words and statements is a less arduous task in nore recent
publications. Some words in modern usage, however, do not con-
vey the same meaning to all people. For example, when English
and American writers use the word "football" or "public school"
they are not referring to the same things. In criticizing any docu-
ment, historians must determine whether the author is writing
seriously, humorously, ironically, or symbolically. They must
also evaluate whether the writer is voicing his real sentiments or
merely pious, politt, or conventional phrases for public consump-
tion. Translated materials naturally must convey the meaning
of the original to be of value.

Historians are suspicious of the statements made in source
materials until they critically test them. Investigating the accuracy
of the materials in a document requires a careful analysis of the
author's competency, integrity, prejudices, and self-interests. To
evaluate the validity of the author's statements, scholars ask some
of the following questions. is the author accepted as a competent
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and reliable reporter by other authorities in that special field?
Were his facilities, technical training, and location favorable for
observing the conditions he reported? Did emotional stress,
health conditions, or lack of intelligence cause him to make faulty
observations or an inaccurate report? Did he report on direct
observations, hearsay, or borrowed source materials? Did he write
the document at the time of observation or weeks or years later?
Did he write from carefully prepared notes of observations or
from memory? Did he have biases concerning any nation, race,
religion, person, political party, social or economic group, profes-
sional body, period of history, old or new teaching methods, edu-
cational philosophy, or activity that Li uenced his writing? Did
anyone financially assist his research work with ihe hope of secur-
ing a report favorable to a specific cause? Did the author write
under any economic, political, religious, or social condition that
might have caused him to ignore, misinterpret, or misrepresent
certain facts? Was he motivated to write by malice, by a desire
to justify his acts, or by a desire to win the approval of succeeding
generations? Did the author distort or embellish the truth to
achieve colorful literary effects? Did the author contradict hint-
self? Are there accounts by other independent, competent observ-
ers of different backgrounds that agree with the report of the
author?

General Principles of Criticism. In evaluating documents and
relics, historians make many judgments. A number of authorities
have written excellent discussions on the problems of internal and
external criticism (1, 5, 9, 10, 11, 16, 17, 28, 32). Students
interested in historical research should consult these and other
sources to secure a deeper understanding of this important aspect
of their work.

Before initiating private study, students will also find it helpful
to review the following principles of criticism suggested by Woody
(34:190):

1. Do not lead into earlier documents the conceptions of later times.
2. Do not Judge an author ignorant of certain mots, necessarily, because he

fails to +mention them the argument ex silentio), or that they did not
occur, for the same reason.

3. Underestimating a source is no less an error than overestimating it in the
same degree, and there is not more virtue in placing an eve.it too late than
lu dating it too early by the same number of years or centuries.
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4. A single true source may establish the existence of en idea, but other
diroct, competent, independent witnesses are required to prove the reality
o! events or objective facts.

5. identical errors prove the dependence of sources on each other, or a corn-
mon source.

6. if witnesses contradict each other on a certain point, one or the other may
be true, but both may be in error.

7. Direct, competent, independent witnesses who report the same central fact
and also many peripheral matters in a casual way may be accepted for the
points of their agreement.

8. Official testimony, orel or written, must be compared with unofficial testi-
mony whenever poJsible, for neither one nor the other is alone sufficient.

9. A document may provide competent and dependable evidence on certain
points, yet carry no weight in respect to others it mentions.

Examples of Criticism. Scholars examining health, physical edu
cation, and recreation source materials, must exercise the same
care as historians in other fields. Statistics always must be ques-
tioned. Who collected the statistics on playground participation?
Did he figure on a monthly average or a peak day? Did he count
once or three times a child who attends morning, afternoon, and
evening sessions? Does the fact that a particular health course
appears in a college catalogue prove that it was taught or covered
the ma -rids listed in the catalogue? Was the author of an article
a good friend or a bitter enemy of the man he discusses? Much
revered source material must be as carefully criticized as newly
discovered documents. For example, the book Gymnastik fur die
Jugend by Johann C. F. Gutsmuth, published in 1793 in Schnep-
fenthal, Germany, was considerably changed in later editions.
When it was translated in England in 1800 and Philadelphia in
1802, it was not only altered and condensed but also attributed to
the wrong author.

Outright forgeries of source materials in health, physical edu-
cation, and recreation do not commonly occur. Some documents,
however, have been accepted as reliable for years before someone
has submitted them to thorough criticism. For example, in 1907
the Spalding Baseball Commission, which had been appointed to
investigate the origination of baseball, reported that Abner Double.
day invented the game at Cooperstown, New York, in 1839. This
report was unchallenged by most people for years and was copied
in textbooks, newspapers, and sports books.

When Robert W. Henderson later probed this baseball report,
he reached some interesting conclusions (15:170-96) . The Com-
mission's findings were the work of one member, A. G. Mills, who
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was a military friend of Doubleday. Mills based his report on a
letter written by Abner Graves. No documents by any other per.
son and no contemporary records were presented to support
Graves' story. Henderson points out that when Doubleday sup.
posedly originated the game in Cooperstown, he actually was in
West Point and did not return to Cooperstown on leave. After
retiring from the army, Doubleday wrote many articles for publi-
cation but none about baseball. Moreover, when he died in 1893
his obituary notice did not mention that he invented the game.

A critical examination of the Commission's report revealed
many other weaknesses. The name "baseball" and sor 3 of the
rules that Doubleday supposedly invented in 1339 had appeared
in print before that time. Although it was claimed that Graves
was present when Doubleday traced the first baseball diamond
in the dirt, the original Graves' letter did not state this. A later
letter that appehrs to have been written by Graves disclosed that
he did not know "where the first game was played according to
Doubleday's plan." Moreover, a few books printed before 1839
discussed or illustrated a baseball diamond. Comparisons of the
two Graves' letters revealed some inconsistencies. This was not
surprising, for :are man wrote from memory almost seven decades
after the event.

Henderson believes that certain personal factors may have
caused members of the Commission to accept the report. Because
of the pressure of other duties, they probably did not check the
facts very thoroughly. Perhaps patriotic prejudices also influenced
their decision. Some men were anxious to prove that baseball was
of American rather than British origin. The possibility that Gen.
eral Doubleday, a famous Civil War soldier, invented the great
American pastime must have appealed to them.

Nature of Historical Proof. After a careful assessment of the evi-
dence, historians determine its worth. What does it "prove"?
Historians are expected to tell the truthyet what constitutes his.
torical proof? Historians can never he certain that data are abso-
lutely true. There is always the possibility that even the most
reliable witness to an event erred in perception or memory. At
best, historians can only ascertain a high degree of probability that
the data are "true" facts.
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Interpreting and Presenting the Facts. Historians do not aim-
lessly collect source materials, subject them to intensive criticism,
and then present the mass of facts--names, events, places, and
dates to the public like "heads on a string." Unrelated bits of
information do not advance knowledge appreciably. Even if schol-
ars group their facts and arrange their groups in a logical order,
they produce a narrative that is little more than a series of dis-
connected and unexplained events. Isolated facts lack meaning;
they "never speak for themselves but only to someone who has a
hypothesis which he wishes to test" (28:123.24). Consequently,
research scholars go I.eyond the amassing of facts or the mere
describing and classifying of them in accordance with their super-
ficial properties. To produce works of value, they formulate tenta-
tive hypotheses to explain the occurrence of events and conditions.
They seek the underlying patterns or general principles that ex-
plain the structural interrelations of the phenomena under study.
Having established hypotheses, they search for data to see whether
they can confirm them.

In the early stages of research, graduate students usual), do
not have clearly defined hypotheses. After blocking out an area
of study, they explore the literature in a rathdr general manner
for some time. In analyzing their tentative problems, they dis.
cover that the data are vague or incomplete, that some elements
do not appecr to be related to other known elements or to fit into
any particular order, or that there are no adequate interpretations
for some phenomena. They are puzzled and disturbed! How can
they complete the data, systematize the information, s.nd give some
interpretation that will explain the unknown factors? Now they
stand on the threshold of research! If they can construct hypoth-
esesexplanationsfor the unknown phenomena and test them,
they may push back the frontiers of knowledge. To build schemes
of explanation that account for the factors they are trying to under-
stand, they engage in a high order of conceptualization.

Hypotheses consist of elements expressed in an orderly system
of relationships which seek to explain conditions or events that
have not yet been verified by facts. Some elements or relation-
ships in hypotheses are known facts and others are conceptual.
The conceptual elements arc products of research workers' imagi-
nation. They leap beyond the known facts to give plausible ex-



THE HISTORICAL METHOD 179

planations for unktio..vii conditions. Hypotheses may provide the
conceptual elements that ce.nplete the known data, conceptual re-
lationships that systematize unordered elements, and conceptual
meaning and interpretations that explain the unknown phenomena.
Thus, hypothesls logically relate known facts to intelligent guesses
about unknown conditions in an effort to extend and enlarge our
knowledge (30). Through conceptualization, which makes it pos-
sible to introduce elements and relationships that are not directly
observable, investigators can go be;rond the known data and set
up possible solutions to problems.

The explanations or hypotheses proposed by scholars lack proof
at the time they construct them. It is their duty to formulate the
conceptual and factual elements and -relationships in the hypoth-
eses in such a precise and objective mariner that they can test the
implications of the hypotheses. In the testing process, they pains-
takingly re-examine old evidence and search for new that will
either confirm or disprove the hypotheses.

In constructing and testing hypotheses, historians must t.t. fully
aware of their biases. They cannot propose a pet theory r nd only
search for data that supports it. They cannot distort or disregard
data in an effort to confirm their hyp-theses. To guard against
their biases, historians may formulate several hypotheses to ex-
plain a particular event or condition. This forces them to make
more thorough investigations. They test each of their hypotheses
by referring to all of the available data. Whenever they discover
any evidence that opposes one proposed explanation of the event
or condition, they must reject that hypothesis. By this testing
process, they eventually determine which hypothesis best fits all
the facts or what modifications are needed in one hypothesis so
that it will offer a satisfactory explanation of the facts.

A brief review of the purpose and use of hypotheses reveals
that they are excellent synthesizing tools. Hypotheses are tentative
principles or generalizations that account for some phenomena.
They retain the character of guesses until facts are to sup-
port them. Through appropriate testing situations, the necessary
facts are collected. In the conclusion of the study, these findings
are organized in terms of the purposes that initiated the investiga-
tion. If factual evidence agrees with the original proposals, it con-
firms the hypotheses; if it disagrees with the original proposals, it
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discredits the hypotheses. Hence, hypotheses guide investigators
in determining what data are relevant and what procedures are
appropriate and adequate for testing the suggested solution to the
problem. They also provide a framework for stating tt'.e conch'
sions of studies in a meaningful manner. Thus, in the prolonged
process of structuring, refining, and testing hypotheses, historians
gradually weave masses of facts into complex, causally connected,
organic wholes.

After completing their investigations, historians write a well.
ocjnized report of their work. A late' chapter in this text gives
a detailed discussion of the processes involved in reporting re-
search. It is sufficient to state here that investigators' expositions
include a statement of the problem, a review of the literature, the
basic assumptions underlying the hypotheses, the statement of
hypotheses, the inethods employed in testing the hypotheses, the
findings and conclusions reached, a bibliography, and possibly an
appendix. Historians refrain from embellishing their narrations
with dramatic flourishes that distort the truth, but they strive for
literary excellence. Their objective is to write lucid, lively, logical
accounts that are honest and scholarly.
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CHAPTER 15

Philosophical Methods

ELEANOR MITNENY

THERE IS NO SHARP LINE OF DEMARCATION BETWEEN SCIENCE AND

philosophy. Both deal with the things and events which man has
observed and experienced in the universe in which he exists. Sci-
entists are concerned primarily with finding more precise ways to
describe these things and events; the task of the philosopher is to
discover the meaning and value of the scientist's facts within the
context of man's total comprehension of his own existence.

In practice, science and philosophy are completely interdepen-
dent. An eminent philosopher has said, "Science is a necessary
pre-condition of philosophy" (15:178) because a philosopher
must know the scientist's facts before he can interpret them to Us-
cover their meaning and value in relation to the totality of the uni-
verse. An equally eminent scientist has noted that the scientist
must utilise the philosopher's interpretations and methods to syn.
thesite the "paradoxes, anomalies, and bewilderments" of dis-
parate facts and find an orderly relationship among them before
he can establish the context within which meaningful new experi-
ments may be designed (20:24).

The ultimate questions of philosophy relate to the nature of
reality, as such. Is "the universe exactly as it appears" to man?
Is the universe "ever-changing and evolving"? Is it governed by
"certain related, universal, and unchanging laws" (2:173)? As
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the scientists have continued to add to the store of knowledge about
the phenomena of the universe, the philosophers have arrived at
different answers to these questions through the years.

As intermediate steps toward finding answers to these large-scale
questions, philosophers attempt to establish general principles
which seem to account for common characteristics of groups of
apparently related facts in such a way as to "eliminate mere arbi-
trariness" and "satisfy some demand of rationality" (26:142).

At the immediate and practical level, philosophers use these gen-
eral principles to predict the probable behavior of similar phenom-
ena (things, persons, events) under similar circumstances, and
they use these predictions to guide their choices among possible
courses of action.

Thus, the philosophical method for approaching a problem in.
volves identification of basic assumptions being made about the
universe in which the problem exists; recognition of general prin.
ciples which provide a rational explanation of the behavior of phe-
nomena within that universe; and interpretation of observations or
"facts" about the phenomena in the light of the general principles.

Stated more simply, "Philosophizing is the process of making
sense out of experience" (25:270). What shall I do? Now shall I
do it? What does this mean? Is this desirable? These are all
philosophical problems because they involve making decisions or
value judgments on the basis of available Information interpreted
within the scope of general principles which rest on certain basic
assumptions. These processes are implicit in every bin= decision,
even though they may not be consciously identified as such. The
research worker who is &tempting to find defensible answers to
questions relating to phenomena, practices, principle.,, and policies
in his own professional area must deliberately seek out and iden-
tify these elements in his thinking.

THE METHODS OP PHILOSOPHY
the basic methods of philosophy are logical induction and log-

ical deduction; the tools are analysis and synthesis; and the mate-
rials dealt with are the facts which are available. Using the tools
of analysis and synthesis, the philosopher works the facts into
patterns which identity the relationships among them. Out of these
patterned organizations of facts he derives general principles
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which describe the relationships inherent in the patterns. He states
these general principles in the form of hypotheses about these
relationships. Then he tests these hypotheses to determine whether
the relationships expressed in them do, in fact, exist in the phenom-
ena with which he is dealing.

These steps in the philosophical process can be described and
the uses made of them can be illustrated, but there is no formula
which tells the philosopher which facts to we, how to arrange them
to reveal their relationships, or how to put them together so that
the general principle which binds then- together is apparent. Logical
induction of a general principle from a group of discrete facts is a
subjective process. The utilization of this process depends upon
the ability of the philosopher to sense these relationships and de-
velop insight into them. Logical deduction is equally subjective.
It depends upon the ability of the philosopher to reason logically
from the statement of a theory to the consequences of that theory
eLptessed in terms of the behavior of the phenomena to which it is
applicable. The personal ability of the philosopher determines the
scope of the hypotheses he is able to formulate and test. Few grad.
uate students have the breadth of information and depth of experi-
ence which are necessary for developing largescale hypotheses,
but this does not exempt them from the necessity for using the
methods the philosopher uses. It only limits the size of the prob.
It ins to which they can successfully apply these methods.

The application of these methods can best be understood by ex
amining their use in relation to a specific problem. But before such
an illustration is provided, it is important to emphasize the fact
that no research worker, however experienced, has ever yet proved
that his hypothesis was true. The best any research worker can
hope for is to demonstrate that his hypothesis is tenable, which
mans that it is logical in the light of the basic assunn .ions on
which it rests, that there is substantial evidence in accord with the
theoretical facts which follow as a logical consequence of the by
pothesis, and that no known acceptable evidence contradicts these
logically derived theoretical facts.

Acceptance of the belief that he cannot prove his hypothesis
should in no wise discourage the beginning research worker. The
history of human knowledge is the history of all of the hypotheses
which were owe considered tenable but were discredited by obser
vations made by later generations of scientists. This statement may
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be illustrated, i.e., iti tenability as a working hypothesis about the
nature of human knowledge may be demonstrated, on a grand scale
by noting the many hypotheses which have been considered as
tenable explanations of the motion of the stars.

Aristotle (384.322 B.C.) stsrted with the basic assumptions That
the earth was fixed, unchanging, and the center of the universe, and
that "the circle was the only perfect curve." From these assump-
tions he developed the hypothesis that all heavenly bodies "must
necessarily move in circular orbits" about tho earth (8:372).' This
hypothesis went unchallenged for almost 2,000 years, although the
centers of the circles were shifted from time to time by various
philosopherscientists. Ptolemy (127.141 A.D.) described how
"the sun, moon and stars . . . revolved around the fixed central
earth, while tho planets revolved about other centers which them.
selves revolved around the earth," all in circular orbits (8:371).
As the motion of the celestial bodies was mote carefully described
by astronomers during the next 12 centuries, it was found necessary
to modify the Ptolemaic theory by adding a number of circular
epicycles to the major cycles to account for these observed move-
merits, and "epicycle was piled on epicycle until the system became
exceedingly complex" (8:372).

Eventually Copernicus (1473.1543) hypothesized that "the
Ptolemaic system was too complex to be true." He summarized
"why the ancients thought the earth was at rest in the middle of
the world as its center" (8:56) and then wrote a logical "answer
to the aforesaid reasons and their inadequacy" (8:58). He invali
dated the basic assumption that the earth was the fixed center of
the universe by shoving that the planetary motions could be de
scribed more simply by assuming that the stationary center of the
universe was the sun. But he still had to retain a few epicycles to
make his system agree with the facts of observation.

A century later, Kepler (1571.1630) was able to eliminate the
epicycles by describing the orbits of the planets as ellipses (8:
372). In the fol/ swing century, Newton (1642.1727) accounted

114 thesemisplea, reference la made to wake vich have bee. polisired ism
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modems may be motivated to read some of these selections, each of which is a soh
standing moot of the one of philosophical methods of research.
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for Kepler's elliptical orbits with his theory of gravitational aurae.
Lion between masses (8:373). But the final chapter had still not
been written. Newtonian physics accounted for the movement of
the outer planets, but careful observation of the planets nearest
the sun showed that they did not conform to the orbits deducible
from the Newtonian theory.

The basic assumption that man's "sun" was more important than
all of the other "suns" in the universe had to be abandoned, and
man's most basic assumptions about the nature of time and space
had to be radically changed before these discrepancies could be
accounted for by Einstein's theory of relativity. Had Einstein
found the final answer? He did not think so. Ho left the way open
for future discoveries by noting that the theory expressed in his
famous equations was applicable only to "a space structure of the
kind described" (8:482).

Similar examples of the way in which new "facts" upset old
basic assumptions (and the theories based upon thetas) could be
drawn from all fields of humin knowledge. In biology, Darwin's
observations of characteristics of plants and animals led to a new
theory of The Origin of Species (8:241.71) which challenged long.
held assumptions about the nature of man himself. In medicine,
Se lye (23) philosophized about the symptoms present in all illness,
"the syndrome of just being sick," and validated a theory of stress
and stdaptation which questions many basic assumptions about the
rause of illness and the ways in which it may be treated. In edu
cation, Dewey (6:449.85) carefully observed certain aspects of
human behavior and interpreted them within the philosophical
framework of pragmatism to develop new theories about the nature
of learning and the nature of the values inherent in educative
processes. Yet, even as the tenability of these theories is still being
demon rated by some investigators, other investigators are un
covering new facts And observations which point the way to modi.
fication of ifem.

On the basis of these and countless other examples of the vulner
ability of basic assumptions and hypotheses once considered ten.
able, the honest research worker can only conclude that research
has never proved anything and in all probability it never will. K.
search can only demonstrate that within the context of a given set
of basic assumptions a stated theory is tenable in the light of the
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interpretation given to the facts known at that time. Obviously, this
statement itself is only a basic assumption, but it is the one which
;I most tenable in the light of the facts displayed in the history of
human knowledge. It is, moreover, a basic assumption which
should inspire every research worker to use extreme caution in
interpreting the findings of his research and in making statements
about the conclusions drawn from them. As Lucretius noted 2,000
years ago in De Return Natura (On the Nature of Things), men's
knowledge of the world they live in has been acquired "by slow
degrees as they advanced on the way step by step. Thus, time by
degrees brings several things forth before men's eyes, and reason
raises it up into the borders of light" (8:40).

But if man can never know "for certain" what facts, theories,
and basic assumptions are true, how can he know which course of
action is right when he is confronted with alternative choices? In
the area of value judgments, too, the methods of philosophy are
the only methods available. Since men cannot wait for some final
certainty to guide their choices, they must make their decisions
and act on the basis of the most logically valid assumptions,
theories, and facts which are available to them in their moment of
history. Rational men can make their decisions on the basis of "a
systematic and disciplined examination . . . relevant, available
'facts' and on frames of reference, i.e., the sets of beliefs and
assumptions, in and through which these 'facts' are interpreted and
processed for choice and action" (4:137). As a result of such a
process, they can only decide or act as they would if they knew
"for certain" that their conclusions were true. But logically, they
will always maintain a margin for doubt, being willing to modify
their decisions in terms of new facts or theories which may invali
date the facts, the theories, or even the basic assumptions on which
their decisions rested.

It is important to recognize that most differences of opinion
represent differences in philosophical concepts which underlie 11,,t
formation of the opinions. These differences may be rooted in
acceptance of different basic assumptions, acceptance of different
general theories, or differences in the Interpretation of the meaning
of the same observed facts. The different conclusions about the
nature of the universe reached by the great speculative philoso
phers (7) demonstrate how even the keenest minds may find differ.
ent meanings and values in the same facts, lir,asonably rational
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men often arrive at illogical conclusions because emotionally they
are unable to relinquish beliefs or convictions which satisfy certain
of their ego needs. This subtle distortion of reason by emotion has
been evidenced in the resistance offered to every new advance in
knowledge and to every new theory. But it is on the outcomes of
the processes of philosophy, which are always tempered to some
extent by man's immediate emotional needs, that all value judg-
ments, decisions, and plans for action finally rest.

APPLICATIONS OF METHODS OF PHILOSOPHY TO RESEARCH
The philosophical processes of reasoning about facts within the

framework of basic assumptions which are implemented by general
principles is the sine qua non of all research studies, no matter
what the general design of the study may be, because the three
questions implicit in every research study are: What are the facts?
What do the facts mean? and What value does this meaning have?
In essence, these are all philosophical questions and can be an-
swered only by employing the methods of philosophy at every step
in the research study.

For purposes of illustration, a study which emphasizes the accu
mulation of facts is used, since this is the type of study most fre-
qaently undertaken by graduate students. The question asked is:
"What are the facts about the relationship of Factor X to some
quantitatively measured manifestation of motor performance?"
If the study had emphasized meaning, the question might be:
"What is the significance of motor performance to the performer?"
The general procedure would be much the same as in the first study,
but the investigator would deal with different kinds of facts, and he
would need greater insight to guide his analysis, synthesis, logical
induction, and logical deduction. If the study deals primarily with
values, the question might be: "Shoula more time be allotted to
motor performance in the school curriculum?" Since the answer
to this question would involve decreasing the time allotted to otltt
kinds of performance, it really asks: "What is the relative value
of motor performance in the total education of a child?" Again the
general procedure would follow the same outline, but the investi-
gator would deal with still different kinds of facts and with a wider
variety of facts, and he would need both wisdom and experience to
guide his subjective use of the processes of philosophy.
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The essential steps in the sound development of any research
project worthy of the name are listed in the subheads of the dis-
cussion which follows. Under each subhead an attempt has been
made to show the general application of philosophical rndhod to
this step in the research process.

Identifying the Basic Assumptions. Every research study begins
with a general question; and every question rests on certain basic
assumptions. Unless the investigator identifies these basic assump-
lions, he will have no basis for interpreting the facts he discovers,
and accordingly neither his findings nor his conclusions will have
meaning or value.

"How can motor performance be improved?" Some of the basic
assumptions implicit in this question are (a) that it is being asked
within the context of a universe which is assumed to have certain
characteristics; (b) that something called "motor performance" is
exhibited by the population of this universe, which is also assumed
to have certain characteristics; (c) that the concept "motor per.
formance" can ho defined in meaningful terms; (d) that motor
performance as so defined can be either quantitatively or quail -
haively described in such a way that degrees of difference between
two or more samples of it can be detected; (e) that the population
has some set of values within which the concept "improve" has
meaning; and (f) that the question asked has value, i.e., that it is
worth asking because it can possibly be answered Ind because the
answer is worth knowing.

As the investigator identifies these and other basic assumptions
he is making, he is able to refine his original question. His assump-
tions about the nature of the universe and the nature of the human
beings who constitute his general population will underlie every
aspect of his subsequent thinking and interpretation in ways much
too far reaching to be discussed here. Among other things, they
will determine his philosophy of education and his concepts of
the nature of the learning experience and the values inherent in it.
More specifically, he will identify the population to be dealt with
in his study as "children attending elementary schools in the
United States, who are assumed to be capable of motor perform.
once as subsequently defined." lie will discover that he needs to
define "motor performance" in terms of specific manifestations of
it which can be quantified and nieasuml. lie will not. that he has
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assumed that such measures exist and that ha can differentiate be-
tween two or more such measures. This assumption also seems to
imply that equal amounts of differences between these measures al.
ways have equal meaning. (This assumption is difficult for him to
defend, and he will probably not be able to defend it, but he must
recognize the implications it has for the subsequent interpretation
of his objective evidence.) He will recognize that ho is assuming
that these measures of motor performance can be increased or de.
creased by some factors in the situation which have not yet been
identified. He will note that hu is using the word "improve" to
mean "increase," thus identifying his assumption that "more
motor performance" is desirable or valuable for some reason.
This will lead him to see that he is asking the question because he
hopes to be able to introduce into situations in which his specific
population is foundcertain factors which t 'II increase the amount
of their motor performance.

Retracing his steps to (a) weed out the basic assumptions which
he cannot defend, (b) eliminate the bias introduced by his per.
send prejudices, and (c) define tle terms he has assumed can be
defined, he begins to reduce his question to a form which can be
answered by acceptable research procedures.

Defining the Problem. By the subjective process of philosophic.
ing about his own thinking, he has clarified his thinking. Perhaps
he defines "motor performance" as "measurements of time and/or
space related to running, jumping, and throwing by children of
elementary school age." He defines "improvement" as "increase in
scores" determined from these measurements of time and/or
space. He now knows "what he is talking about," and he can state
his question in much more precise form. It may now read; "Are
there factors which can be identified in the public school situation
of the United States which increase (or decrease) by a measurable
amount the scores derived from measurements of time and/or
space related to running, jumping, and throwing by children of
elementary school age?" This is very cumbersome, of course, but
at this point it serves to identify the basic assumptions upon which
his study rests; it conceals no hidden meanings; and it eliminates
the prejudices which were evidence of his own priva'e value
structure.
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Interpreting the Existing Evidence. With the question clearly
_!Qted, the investigator can turn to the literature with some con-
fidence because he knows what kind of faces he is looking for.
When he has assembled as many relevant facts as he can find and
has interpreted them in relation to his own basic assumptions, he
begins the process of analysis. lie tries to classify the facts he has
found in various ways, guided by "hunches" derived from per-
tonal experience with motor performance of children. He groups
his facts under various rubrics such as "amount of time given to
instruction," "socioeconomic status," "aex," "type of instruction,"
etc., always looking for threads of relationship which seem :o ac-
count for common characteristics of groups of facts.

Following these leas which are developed by his own powers
of relevant observation, he moves from analysis to synthesis. He
tries to combine his observations about one apparently related
group of facts into a clear-cut statement which unites these observa-
tions; and he Gies to combine smaller groups of facts into mean-
ingful larger groups which are united by some common principle.

As he moves back and forth between analysis and synthesis, the
principles or statements of relationships he is looking for Mg be
developed by the method of logical induction, because there is no
other way to do this. This is a subjective process of thinking about
the information before him. No one can tell him what principle
he is seeking. He, himself, does not know what the principle is or
will be. The principle is implicit in the data and he must somehow
induce it to reveal itself. As one philosopher has written, "Most
new discoveries are suddenly-seen things that were always there"
(16:5). When the investigator "sees" the principle, he will rec
wise it because it appears to account for certain relationships
which seem to be apparent in his diverse data.

Formulating the Hypothesis. Perhaps the principle he has in-
duced is: "The amount of motor performance evidenced by chi!.
dren in the elementary schools is related to the amount of instrut-
lion they are given." Recognising, however, that there are ap-
patently many other factors which seem to be related to the amount
of motor performance evidenced by children used as subjects for
the studies he has been analysing, he includes the qualifying phrase
"other things being equal." This principle may now be stated as
a hypothesis.
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Designing the Study. The investigator is now ready to design a
study which will elicit the kind of facts he needs to test the hypoth-

esis. Many different designs will serve, but all of them will rest
on his ability to predict or deduce the nature of the facts which
will most probably or logically be found if his hypothesis is
"right." Like logical induction, logical deduction is a subjective
process. It involves weighing, all of the available evidence in the
light of past experience with similar phenomena and deciding what
the most probable outcomes of a given event will be.

With reference to the present hypothesis, the question is: "ll
the amount of performance evidenced by children in the elemen
tary schools is related to the amount of instruction they are given,
then what facts wouid I logically expect to find in actual situations
involving these elements?" The answer, which is not es obvious as
it may at first seem, is: "Facts which can be interpreted to mean
that children who have had more instruction do manifet more (or
less) motor performance than children who have had less instruc-
tion." The crucial clause is: "which can be interpreted to mean."
There are many kinds of facts susceptible to such interpretation.
The investigator's decision about the kind of facts he will deal with
will determine the specific design of his study. A questionnaire
study (see Chapters 5 and 9) will elicit either the observations or
the opinions of persons experienced in dealing with the phe-
nomena. A descriptive study (see Chapter 9) will assemble facts
about what has happened. An experimental study (see Chapter 10)
will elicit facts about what does happen as a result of factors he,
himself, introduces into a situation. An action research study (see
Chapter 13) will provide facts derived from on-going observation
of results obtained by successive introduction of a number of
different factors. A study conducted within the confines of a
laboratory situation (see Chapter 11) will elicit limited facts
about one carefully controlled aspect of the phenomenon he is
interested in. The facts derived from each kind of design will need
to be interpreted in terms of their meaning cith reference to his
specific hypothesis, and the kind of value implicit in them.

Whatever design he chooses, be will keep in mind the signifi-
canoe of the clause "other things being equal." Obviously, he can
never keep oil possible factors eque: in any population, but his
previous analysis of the literature will help him determine which
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factors are probably the most significant in influencing the facts he
hopes to discover. He must, therefore, design his study in such a
way that these factors, at least, are either "controlled" or can be
accounted for in his interpretation.

Analyzing the Findings. After he has gathered his data, whatever
kind they may be, he must return to the process of analysis to
identify their apparent relationships. His choice of analytical
methods involves philosophical consideration of the applicability
of the various types of analysis to his data, the nature of the in-
formation each type of analysis can elicit, and the implications of
this kind of information in relation to his hypothesis. His questions
ere: "What is it possible to do with data of this type without
violating the basic assumptions implicit in either the technique or
the data?" "Which is the most logical choice among possible alter-
natives of analytic techniques?"

Eventually, when his analysis is completed, he synthesizes the
relationships revealed by the analysis into a series of compact
statements, carefully defining each word he uses to assure himself
that the meaning he has assigned to it is in accord with his basic
assumptions. These statements constitute his findings of facts as he
has interpreted them by using the methods of philosophy.
Discussion of the Findings. He must now ask another philosophi-
cal question: "What do these factual findings mean in terms of the
total situation to which my hypothesis refers?" Perhaps he has
found correlations of .61, ,82, and .53 between "amount of instruc-
tion" and "measures of motor performance" for six-, seven-, and
eight-year-old girls respectively. What is the significance of these
facts in relation to his hypothesis? How is this significance affected
by the facts of corresponding correlations of .35, .41, and .50
reported by another investigator? Perhaps he found a difference of
.5 seconds between the averages of the time it took for eight- and
nine-year old boys to run 40 yards. Or perhaps 40 qualified
"experts" said "Yes," and 38 said "No" to the same question.
What does this mean, i.e. what is the significance of this informa-
tion?

Testing the Hypothesis. The test of the hypothesis consists of
comparing (a) the theoretical facts he has deduced that will logi-
cally be expected to exist if his hypothesis is correct and (b) the
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facts he hrs elicited in his study and relevant facts reported by
other investigators. If the "actual facts" as he has interpreted
them are substantially in agreement with the "theoretical facts"
which he has logically deduced, then his hypothesis is tenable
within the limitations imposed by his basic assumptions, the design
of his study, the nature of the facts elicited by it, and the extent of
the agreement between his logically deduced facts and his "actual
facts" as he has interpreted them. Some of his facts may neither
agree nor disagree with his hypothetical facts because they are
irrelevant to the hypothesis. These "irrelevant" facts may be noted
for further investigation, but they do not affect the tenability of his
hypothesis. However, if even one well-substantiated relevant fact
is contrary to his deduced theoretical facts, he must reject his
hypothesis as untenable in the light of the evidence he has pre-
sented.
Stating the Conclusions. If the investigator has been rigorous
about utilizing both the concepts and methods of philosophy at
every step in his study, thcre is no uncertainty about the con-
clusions he may draw. He may conclude: (a) that his hypothesis
is tenable within the limits noted above; (b) that his hypothesis is
not tenable within the limits noted above; or (c) that the evidence
available is not sufficiently clear-cut to justify conclusions about
either the tenability or the non-tenability of his hypothesis at the
present time.
Making Recommendations. The investigator has not proved his
hypothesis, but if lie has demonstrated that it is tenable on the
basis of logical reasoning within the limits of his ability to in-
terpret factual evidence in relation to identified basic assumptions
about the nature of the phenomena with which he has been dealing,
then it is the "best answer" available at that moment in terms of
the values identified in his basic assumptions. Accordingly, he may
recommend that this conclusion be used as a basis for making
decisions regarding actions which will affect the population he has
described within the situation he has identified. He may also, by
extension, recommend that his conclusion be used as a basis for
making decisions in reasonably similar situations involving rea-
sonably similar populations until such time as "better answers"
are provided for such situations and populations.

It should be noted, however, that there is no guarantee that his
recommendations will be accepted by all perscns concerned. If
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they disagree with his basic assumptions, they must perforce dis-
agree with his conclusions as guides to action. If they disagree with
his interpretations and decisions at various points in the study,
they will also reject his conclusions on these grounds. The value
of having explicitly identified "what he is doing" and "why he is
doing it" at each point in the study now becomes apparent. It
enables the investigator to determine the source of the disagree-
ment expressed by other investigators. A disagreement about basic
assumptions is almost impossible to resolve, but it must be ap-
proached at the level of basic assumptions. Differences in inter-
pretation are always debatable, but the debate will consist of
showing that one interpretation is more logical than another in the
light of the same basic assumptions. Differences of observable fact
rest on the way in which the facts were observed and the precision
of the observation. But it is fruitless for two investigators to argue
about interpretation if they are proceeding from different basic
assumptions; and it is equally fruitless to argue about observed
facts if they are interpreting those facts in different ways which
seem equally logical to them. The investigator who has identified
the philosophical foundations upon which his study rests at each
step is in a position to identify the nature of such disagreements
and to approach them rationally, that is to say, logically. The
investigator who has failed to identify his philosophical founda-
tions has no logical basis for defending the conclusions drawn from
his study.

A second set of recommendations may also be made concerning
possibly fruitful investigations in the same general area. These
recommendations result from insights derived from consideration
of many factors noted which were not subjected to test in the
present study.
The Advancement of Knowledge. The total of man's knowledge
at any time is like an unfinished patchwork quilt, the final plan of
which is not known. Each new hypothesis which has been found
tenable or untenable in relation to an identified set of basic as-
sumptions on the basis of logical interpretation adds one more
patch, even though it may be a small one, which alters the total
quilt in some way. The job of the Master's degree candidate is to
supely such well substantiated small patches of hypothesis. The
doctoral candidate may use a handful of these hypotheses to
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deyelop a well substantiated theory which describes the pattern of
some small area in the quilt. The experienced research worker
can then synthesize several of these patterns into larger designs of
tenable general theories which provide large-scale principles to
guide men's actions. And the philosophers will continue to gather
these patches, patterns, and designs together and examine them to
test the validity of man's basic assumptions about the total plan,
the nature of reality, "the intricate web of meaning which is the
real fabric of human life" (16:63), and the values man finds in
his existence as a human being.

STUDIES IN HEALTH, PHYSICAL EDUCATION, RECREATION

The Concepts of Philosophy. Few studies have been reported in
which the concepts which make up the subject matter of philoso-
phy, as such, have been examined with reference to their impli-
cations for health, physical education, and recreation. The com-
panion studies of Bair (2) in physical education and Downey (9)
in health education are pioneering attempts to do this. They at-
tempted to identify the basic philosophical positions or assump-
tions of men and women identified as leaders in their respective
fields by asking them to respond to multiple-answer questionnaires
containing statements relevant to the philosophical assumptions of
idealism, realism, pragmatism, and aritomism2 and relevant to
the logical implication of these assumptions for practices in physi-
cal education or health education. Basing their reasoning on the
assumptions that (a) philosophical beliefs determine personal
actions, and (b) that practices advocated by leaders influence the
development of a professional field, Bair concluded: "On the basis
of the present indicated beliefs, most professional leaders appear
to be providing a predominantly naturalistic direction to American
physical education. . . some evidences of strong spiritualistic
beliefs . . . suggested a dual influence and lack of general agree-
ment in some areas of physical education" (2:161). Downey's
conclusions concerning health education were substantially in ac-
cord with Bair's.
Tho Validation of Hypotheses. As has been noted above, every
sound research study involves the validation of one or more hy-
potheses. The studies discussed here were selected because the use

2 Aritomisrn is a combination of Aristotelian and Scholastic. philosophy.
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of the philosophical methods is specifically identified in the report
of the study.

In the field of child growth, Meredith (17) used the processes
of analysis and synthesis with telling effect to establish generali-
zations about the extent to which secular, socio-economic, ethnic,
and regional factors affect the growth of children. His data were
hundreds of studies, drawn from a time span of 50 years, which
reported the height and weight of children of various socio-eco-
nomic levels, many different ethnic groups, and several geographic
areas. Sorting, selecting, classifying, and comparing the studies
for each age-sex group, he succeeded in isolating groups of studies
in which three of the factors were "held constant" because they
were essentially the same in all of the studies. This enabled him to
isolate the effect which might be considered attributable to the
fourth factor. In this way he was able to make statements about
the probable maximum effect of each factor considered separately.

A study of human strength by Hunsicker and Greey (14) il-
lustrates a different approach to hypothesis testing. They identified
a series of questions about strength which are frequently raised
by investigators working in that field. They then assembled many
studies related to human strength reported by research workers
concerned with some specific aspect of the phenomenon of strength.
Classifying the findings from these studies under the headings sug-
gested by the questions, Hunsicker and Greey attempted to state
the "best" answer to the question in the light of presently available
research evidence.

Burke (3) used a similar design to test current hypotheses about
the physiological mechanisms which account for the phenomenon
called warm-up. He supplemented the findings from the literature
with evidence elicited from an experimental study designed to
provide relevant information on these points. An attempt to estab-
lish valid principles covering the use of progressive resistance
exercises as a therapeutic modality, presented by Basch and Free-
man (21), illustrates the use of a similar approach in the field of
physical therapy. In physiology, Henry (11) attempted to resolve
certain controversies about conflicting values claimed for four ex
perimentally developed tests of cardio-respiratory function with a
similarly designed study.

In another study Henry (12) demonstrated the tenability of
hypothetical equations for predicting world records in running
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events, by bringing together knowledge drawn from exercise physi-
ology, competitive sports, and mathematics. He validated his
predictive procedure by comparing hypothetical records with
actual records in those events which have been extensively and
intensively practiced for competitive purposes. The validation of
his predictions for the less popular events will be a challenge to
future competitors.

Ulrich's study (24) of stress in college women under conditions
of competition provides a clear-cut example of the effective use of
hypotheses stated in null form to provide a framework within
which the significance of many complex relationships may be sys-
tematically examined.

An unusually comprehensive and well-defined example of the
process of hypothesis testing is Scott's study of kinesthesis (22).
On the basis of many speculations about the nature of kinesthesis
reported in the literature, Scott formulated six hypotheses, each
of which identified some particular aspect of the phenomenon
under consideration. Using objective data from many tests in-
volving some element of kinesthetic perception, she analyzed the
relationships among these data statistically. She then compared
the findings from these analyses with the theoretical findings
deduced from the hypotheses. For example, from the hypothesis
"muscular contraction of a known amount is a function of kines-
thesis," she deduced that each subject should be equally accurate
in performing "skills" involving the use of various muscle groups.
Analysis of the test results showed that "the use of the arms in
adapting effort is apparently unrelated to similar functions in the
legs." Since this finding was not in accord with the theoretical
findings deduced from the hypothesis, Scott concluded that the
hypothesis was not tenable in the light of the experimental evi-
dence. Five hypotheses were similarly rejected. The hypothesis
that "learning of a new skill is facilitated by kinesthetic cues
which make for similarity of achievement in tasks to be learned"
was judged "extremely plausible" because hypothetically related
items deduced from it were substantially in accord with similar
items in the results of the statistical analysis of the test data.

Studies Emphasizing the Concept of Meaning. These studies
differ from those cited above primarily because the hypotheses
being investigated are hypotheses about the meaning of observed
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evidence in the lives of human beings rather than about the ob-
served evidence as such. Such studies impose a double burden of
interpretation on the investigator; the observed facts must first
be interpreted in terms of the basic assumptions, and then this
interpretation of the facts must be reinterpreted in relation to the
investigator's basic assumptions about "what it means to be a
human being who finds life meaningful" or the nature of meaning,
as such.

The meaning of play as "a significant function of living" was
explored by Huizinga. His book Homo Ludens (Man the Player)
was published in German in 1944 and has only recently become
available in English translation (13). Beginning with the basic
assumption that a persistent, universal function of living such as
play always "means something," he has attempted to define that
meaning by examining the characteristics of play as they are mani-
fested in the various cultures of the world.

A similar attempt directed toward discovering the meaning
inherent in human movement and kinesthesia is currently being
made by Ellfeldt and Metheny (10). Accepting the basic assump-
tions of the contemporary philosophy of symbolic transformation
about the difference between the animal "brain" and the human
"mind" and the processes through which the human "mind" trans-
forms percepts into concepts, they have analyzed observations of
many types of movement with a view to developing and substan-
tiating a general theory of the meaning of movementinnthesia
as a human experience. Their first paper proposed a tentative
hypothesis stated in a vocabulary which was deseloped from their
initial analysis of the elements common to all movement forms.
The logical construction of such a vocabulary illustrates a spe-
cialized use of philosophical methods.

Studies Emphasizing the Concept of Value. The problem of
values is implicit in every attempt to find a logical answer to a con-
troversial or unsettled question. The studies cited here differ from
those mentioned in the preceding sections because the hypotheses
being investigated are hypothese. about the value implicit in or
attached to observed facts which have been interpreted as facts and
reinterpreted in terms of their meanings in the context of certain
basic assumptions about the nature of meaning in human lives.
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Cobb (5) stated four possible hypotheses about the values
inherent in various physical education situations in an attempt to
determine "the framework within which college physical education
functions ought to operate" (4:144). She "stated the question, ex-
plained its controversial nature, the historical background out of
which it arose, and reported various solutions that had been sug-
gested by presumably responsible and qualified persons" (4:143).
She also sought in the areas of physiology, psychology, sociology,
and education for information which might provide some basis for
making decisions among the disparate solutions. Thus, she deter-
mined which one of the four hypotheses about value was most
tenable in the light of all of the available evidence as interpreted in
terms of meanings associated with it by experienced personnel in
several fields concerned with various aspects of human lives.

The "Statement of Policies and Procedures for Competition in
Girls and Women's Sports" (1) is an example of the outcomes of
a study of values carried on by a large gcoup of people over a long
period of time. They were attempting to identify, i.e., find the
"best answer," to the questions about "what is 'right' for girls in
one important area of their lives" by resolving "the confusing and
often contradictory issues concerning values of athletic competition
for girls in our present social order" (18). A similar example of
an attempt to identify values by co-ordinating the thinking of many
people is the report of the Educational Policies Commission on
School Athletics (19).
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CHAPTER16

Writing the Research Report

CAROLYN BOOKWALTER
KARL BOOKWALTER, MARJORIE PHILLIPS

THE FUNCTION OF THE WRITTEN REPORT IS TO COMMUNICATE A
set of ideas or facts to the reader and, if the report is to be effec-
tive, the ideas must be conveyed in a form that is clear and easily
understandable.

Carelessly written, poorly organized, or faulty reports will so
distract the reader's attention that he will find it difficult, if not
impossible, to absorb the content. Any writer will enhance his
professional contribution when he acquires the skills requisite to
effective reporting.

CHARACTERISTICS OF A GOOD REPORT

Unity, coherence, and emphasis are involved in the proper
organization of a report. Clarity, correct presentation of material,
completeness, and conciseness are other characteristics of the good
research report.

To attain unity, coherence, and emphasis, each of the major
sections should appear in logical order. One section should lead
naturally to the next. The development of ideas within sections
must be systematic, with care being taken that no omissions appear
in the reasoning or trend of thought. Proper emphases should be
given to important topics through the arrangement of materials
and through expression of important ideas so that the reader is
immediately aware of them.

502
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To obtain clarity in the report, the writer needg to have a com-
prehensive understanding of all factors related to his problem.
He cannot hope to guide the reader to a successful and full under-
standing of the problem if his own thinking is confused and un-
critical. All statements should be expressed in terms that eliminate
any doubt from the mind of the reader as to the exact meaning
intended.

Correctness of presentation is dependent upon a knowledge of
diction, rhetoric, grammar, spelling, punctuation, bibliographical
and footnote form, form of tables and graphs, and spacing of
materials. An otherwise valuable piece of research may be badly
3amaged in the reporting with such practices as careless vocabu-
lary usage, violation of the rules of grammar and spelling, and
lack of unity and coherence in sentence structure.

The report must be comprehensive; all the facts of the investiga-
tion should be quite clear. The novice writer frequently forgets
that many essential facts which are familiar to him may not be
at all obvious to the reader. The reader should not be left with
unanswered questions. This does not imply that the report must
necessarily be lengthy, since it must also meet the criterion of
conciseness. All irrelevant ideas and superfluous material should
be eliminated, so that the report is as brief as is consistent with
completeness and clarity.

PRELIMINARY STEPS

Many writers have found that the best results can be obtained
by preparing an outline preliminary to writing. !f the research
study has been well planned from the reading of related literature
through the interpretation of data, the writing of the report, will
not be difficult. Some research workers have found it desirable to
plan the writing of the report at the time the plan is developed for
the research study. Such research workers find that they are able
to organize, process, and analyze their data so that the materials
may be written up with a minimum of time and effort.

The outline of the major topics is followed by subdivisions
under each topic. The brief is much more detailed than the outline
and contains all the items to be discussed under each topic. The
brief grows out of the preliminary outline and represents a far
more advanced stage of the writer's planning.
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Considerable time should be given to the preparation of the
brief to ensure logical arrangement of topics, proper emphasis of
materials, and inclusion of everything important in the report. The
writer needs to determine where 11,E, materials will be placed and
how they will be presented.

From the brief, the preliminary draft of the report is written.
This draft, in turn, should be carefully revised and corrected
before tho final copy is prepared. It should be examined for
clarity, arrangement of material, correctness of presentation, cont
pleteness, and conciseness. It is usually wise to ask one or two
qualified individuals to read the report and suggest improvements
before it is finally submitted for publication.

MAJOR DIVISIONS OF THE REPORT

There is no one form of arrangement which will meet the needs
of every situation. The sections of the report should be organized
according to the nature of the problem and the purpose for which
the report is written.

Since practices vary among the periodicals, publishing houses,
and educational institutions, it is essential that the writer acquaint
himself with any specific policies required by the institution or
journal for which he is writing.

Materials may be arranged by parts, chapters, center heads, and
side heads. The arrangement selected depends upon the length
of the report and the type of research study. Short papers (less
than 50 pages) are frequently written with only center and side
heads.

Extended research reports commonly include the following
parts:

1. Preliminary materialtitle page, preface, table of contents, list
of tables, and list of figures.

2. Body of the reportformulation and definition of the problem,
delimitations, limitations, related literature, sources of data, pro.
cedurea, presentation and interpretation of findings, summary,
conclusions, and recommendations (when appropriate).

3. Supplementary materialbibliography, appendix, and sometimes
an index.

Preliminary Material. This consists of the following:
Title Page. The title page includes the title of the report, the
author's name, his institutional connection, the place, and the



WRITING THE RESEARCH REPORT SOS

date of writing. All material should be well arranged and centered
between the margins of the page. No terminal punctuation is used
on the title page.

The title should clearly indicate the subject, be reasonably brief,
and be correctly worded. Good (11:179) suggests that certain
forms of expression should be avoided. Among those mentioned
are: "Some Aspects of . . . "; "A Studp or . . . "; "A Scientific
Study of ... "; and "An Analysis of ...." An example of a title is
"The History of Physical Education for Women in the United
States, 1700.1950." Such a title gives the subject, the research
method, the place, and the time.

Inclusion of the date of the writing of the research report on the
title page is important, since the reader may then evaluate the
results of the investigation in light of previous or more recent
findings.

Prtlace. The preface may or may not appear in the report. It is
sometimes used to express the writer's personal interest ;ill the
problem, or it may contain acknowledgments to people to whom
the writer is indebted. It is advisable for acknowledgments to be
made only to those who have rendered considerable assistance of
nonroutine nature, and it is desirable at all times for the wording to
be brief, simple, and impersonal.
Table of Contents, List of Tables, and List of Figures. These parts
of the report are invaluable as mechanical aids to the reader, not
only in acquainting hirr: with the study but in enabling him to
locate material. The listing of topics in the table of contents should
be sufficiently detailed to allow the reader to find readily any
section in which he is interested. Tha relationships between topics
and subtopics can be emphasized by enumeration, indentation, and
alignment. 'lie lists of tables and figures should give the number
of the table or figure, the exact and complete title, and the page
number on which the table or figure may be found.

The typing form varies in writing manuals, but there is agree-
rant that the titles "table of contents," "list of tables," and "list of
figures" should be consistent in spacing vertically and horizon-
.tally to separs,te major and minor parts. In some manuals, the
form for capitalization of titles changes when the titles are listed
in the list of tables or the list of figures.
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Chapters or Section Headings. The introductory chapter or sec-
tion should lead the reader to the problem. It may include the
statement of the problem, definitions of words which might have
several meanings to the reader, limitations of the problem, de.
limitations of the problem, need for the study, nature of the data,
presentation of basic assumptions, a short description of the pro-
cedure for the study, and related literature. Ii the material for the
related literature is rather exmnsive, the related literature may be
placed in a chapter by itself. The description of the prct.edure may
also be placed in a chapter by itself if the material seems to war
rant the space.

It is well to state the problem in the opening paragraph of the
introduction. This serves to fix the reader's attention and facilitate
his understanding of subsequent discussion. The problem must be
stated clearly and logically. The statement of the problem should
not be worded as a purpose nor as an action. "To make," "to
determine," and other acts should not be a part of the statement.
It should be written in sentence form. In formulating the statement
of the problem, the writer may bring out the weakness of a declara-
tisr., sentence by putting the statement first in question form.

The title and the statement of the problem are not necessarily
alike. Following the statement of the problem, there may be a
need for a brief explanation or interpretation. Any specific ques-
tions to be answered should be carefully outlined.

Only words which could be misinterpreted should be defined.
For instance, "junior high school" could mean 7th and 8th grades,
8th and 9th grades, or 7th, 8th, and 9th grades. It would be
necessary for the writer to define what he means by "junior high
school." In some cases, technical terms should be defined.

In delimitations, the author includes information about what
the study covers as to scope, sources of data, and methods. Some-
times the phrase, "definition of the problem," is used in place of
the term "delimitations."

In the limitations, the author should state the weaknesses of the
study as to scope, sources of data, and interpretations. Any un-
controllable circumstances which may have affected the results
should be explained and their possible implications pointed out.
Methods or data which were found to be valueless should be
mentioned, since this information may be of great assistant' to an
investigator planning a similar study.
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Findings. The findings of the study may be reported in one or
more chapters. The nature of the study helps the writer determine
how many chapters are needed to present the findings in a clear
and accurate manner. In the material on findings, the author must
decide to what extent the .aiginal data should be displayed, how
data will be organized for presentation, how data will be displayed,
what format should be used for the tables and for the figures.
Some material is more appropriately placed in the appendix than
in the findings.

Analysis and Interpretation of Data. The analysis and interpre-
tation of data are facilitated through the use of tables, graphs,
statistical computations, and discussion. Through the discussion,
the data are presented more analytically and with more emphasis
on facts of importance than can be accomplished through tables
and graphs. This does not involve a simple enumeration or re-
capitulation of what may have already been illustrated by graph.
ical methods. The discussion must be developed systematically
in the chapters on findings, so that each chapter leads logically
to the next and so that the import of the interpretation leads
naturally to the conclusions. Agreements, differences, and relation
ships should be shown ad discussed.

The discussion in a typical paper should concern itself with the
source and magnitude of errors, by-products of the research, sug.
gestione for improvement of procedure, the applications of the
findings, and the true meaning of what has been found. It is
essential that the investigator have a complete understanding of
his data and what they mean, for if he lacks the necessary insight,
his iuterpretations can neither he accurate nor properly revealing.
If the results are in disagreement with similar research by other
workers in the field, the discrepancies should be pointed out and
possible explanations given. In no case should any hint of bias
appear, and all facts should be given in a straightforward expos!.
Lion of what has been found.
Summary, Conclusions, and Recommendations. In extensive
reports, a summary placed at the end of each chapter is of great
assistance to the reader. The summarising paragraph at the end
of each chapter is usually stated in general terms and in terms of
the general implications of the data as well ss of the objectives
which were established for the investigation. It provides the



50t RSSURCN METNODS

reader with a comprehensive understanding of what has been
accomplished in the particular section of the study, and clearly
states significant results.

The summarizi paragraph or chapter at the end of the report
is usually stated in general terms and gives an overview of the
entire study. The summaries of the chapters on findings should
be analyzed to find agreements, differences, and interrelationships
of the findings. The writer should avoid repeating chapter sum
maries word for word in the summary chapter at the end of the
report.

The conclusions are stated in specific terms and should provide
explicit answers to the questions posed in the problem. The con.
elusions must be substantiated by the data and must be free from
unsupported opinion. Any qualifications or limitations should be
carefully explained.

The relation of the conclusions to the statement of the problem
can best be illustrated by a specific example.

Statement of the problemMayes and Pella fah ". . . the effects of hard
laboratory exercise on the total and dIffereatial blood count of normal, young,
adult women." Conciarians: "I. Hard laboratory exercise of short duration
produces lesocytoah hs normal, young. adalt women. I. Post-exertise
levcocitosis is repeatable. 3. Post - exercise lenoxytorda may be followed
nentrophilic lencopenia, with a subsequent return to pre- exercise level. 4. There
is a highly significant lactase in lymphocytes and a .4gnificant decrease in
nentrophils in the immediate post-exercise differential collate

Recommendation. may follow the conclusions, but a differentrit
Lion should Le made between recommendations that are based upon
data and those that are derived from the judgment of the writer.

Supplementary Material. The supplementary material consists
of the bibliography, the appendix, and possibly the index. The
bibliography should consist of selocted refers aces the author has
found useful in the solution of the problem. All sources to which
the author refers in the body of the report should be included in
the bibliography, except for personal letters or sources not avail.
able to the reader through library services. The inquiring reader
may examine the bibliography as one means of judging the
discrimination of the writer and his scholarly grasp of his subject.

Documentation of each quoted fact and opinion is essential.
This provides an acknowledgment of the writer's indebtedness to
his sources and provides a point of departure for an investigator
wishing to develop the problem further. Plagiarism must be
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avoided. Changing only one word in a sentence or a paragraph is
not a means of avoiding plagiarism. Means of avoiding plagiarism
are expressing the idea in one's own words completely, document.
ing accurately, quoting accurately, and obtaining permission from
the publishers or author for the use of the quotation. The latter is
particularly necessary if the materials are to be reproduced in
any form, such as microcarding, printing, and other methods.
Quote,' materials, facts, and opinions obtained from sources may
be documented by footnotes or footnote reference to the bibliog.
raphy. When permission is granted by the publisher or author
for quotations, the permission must be indicated in the footnote.

Thrre is no standard form for bibliographical material and foot.
notes which is universally accepted; therefore the writer should
conform to the policies and standards demanded by the publisher,
editor, or institution for whom he is writing. Whatever form is
chosen, the writer must be consistent in following this form
throughout his report. An annotated bibliography, while not
essential, is very useful and is further evidence of the care with
which the study is prepared.

Anderson and Valentine (1:370.71) have devised an extensive
list of rules for arranging a bibliography. Their complete list is
not duplicated here, but some of the more commonly needed rules
are mentioned.

1. Emu an ankle by a married woman under the UMe which appears on the
ankle for which the reference Is made.

2. Enter names beginalag with )41, Me, Mae, or St., and Ste., whether the
following letter is capitalised or not, as tbougls the Inds were spelled out
in full as Mae, or Stint, as to the folkwing tramples: Wham, 3., and
Mackey, 3.

3. Eater compound names under d first pm of the name.
4. If as *riot has more rhea one pobliestioa within a single year, the

publkatioas within the year are arranged alphabetically by title, disregud.
lag the ankles of speech such as "the" or 'ea."

S. References to Joint ankles follow ankits by the sealer author alone.
6. If the reference is an article et section prepared by a putlenla author, tot

published I. a collection of articles nth as a haadbook or as anasal kt.,
the eater is made seder the portkulat author.

7. if reference is to an entire book which is a collection of ankles by rations
authors, entry is made under the same of the editor, if h is cleat that he is
responsible for assembling the material.

S. Stoats of committees, governseatal organisations, etc, are grouped together
at the end of the alphabetical list and are arranged alphabetically by title.

The appendix contains all materials which are too unwieldy or
cumbersome to include in the text but which will aid in the under.
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standing of the report. All materials included in the appendix
must appear in their original form.

The appendix may include such materials as catalogues, courses
of study, checklists, evaluation sheets, form letters, questionnaires,
lists of cooperating individuals or institutions, computation sheets,
raw data, formulas, and documents. Sometimes authors may place
tables and figures in the appendix, in which case they should be
numbered in the order of their actual appearance. When this is
done, reference is made in the text of the report to the tables or
figures in the appendix. Usually the less important tables and
figures are placed in the appendix. The author should avoid using
tables and figures as fillers. Each should have a reason for
existence.

TABULAR AND GRAPHIC PRESENTATION

Tables. Tables provide for the orderly arrangement of data in
columns and rows according to one or more pertinent classifications
of the subject matter. Tables thus set up give more clarity and
and meaning to data and make for more ready interpretation.
For example, a rank order of states by such factors as population,
expenlitures, or wealth is far more meaningful than their alpha.
betical arrangement. Customarily the highest or most desirable
value is placed at the top, and lower values succeed in descending
order.

Placement. When practicable, tabular material should be placed
between logically related paragraphs. Tables should not interrupt
a sentence. The discussion preceding a table should introduce the
table and the material which follows should interpret the table.
Preceding material should be separated from the table by four
spaces end subsequent material should follow the table three
spaces below. it is desirable to confine most tables to one page or
less. If the table is reproduced to conform to the typed or printed
page, care must be taken that the site of the original lettering is
such that it can be read in the reduced form. If the table is wider
than it is long, it may be placed crosswise on the pzge with the title
toward the left of the page. The table designation and title should
be at the top of the table. The designation should be in capital
letters and numerals, and the title should be capitalized and follow
the designation period by two spaces. title and designation
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should never exceed the width of the table; if narrower, it should
be centered over the table. If there is a carry.over to the title, the
carry.over should be typed single space and indented two spaces.
Such expressions as "table showing," or "distribution of," should
be avoided and abbreviations should not he used in the title if they
can be avoided. From the title the reader should know what data
are involved and where and when they were obtained, and the
table should be selfexplanatory.
A Simple Table. From the example below and those to follow, it
can be seen that there are various styles for making up tables and
figures. Throughout this chapter, these inconsistencies are per.
milted because the material is being reproduced exactly. The
examples were chosen for their general merit and for their exempli
fication of certain basic principles. They were consistent in their
original sources. Consistency with an acceptable style (usually
that of the publication in which the author expects his report to
appear) is more important than what the style is which is accepted.

TABLE I.MEAN TIMES AND STANDARD DEVIATIONS IN SECONDS
FOR ALL 220YARD TRIALS

Condition Mete Standard deviation

Fa pet{WO -....- 24.33 2.0S
Control 24.26 2.14
Free 24.28 2.06

Fictikt I. A simple table (Source: Reeetuch Quarterly 30:134; May 1959.)

Boxheads are column captions which tersely define the data
below. The stub, .which is the column of row titles below the box.
head, is left open. on both sides of the table. Brace headings are
captions which relate to two or more boxheads and should be
centered and limited by the extension of the outer vertical lines of
the columns involved. When footnotes are needed to clarify
exceptions, they should follow the lower line of the table by a
double space, with a single space between footnotes.
Analoieal Table. In Figure II, the title, "Distribution of Scores
and Reliability Coefficients for the Study Groups on the Instrument
to Measure Locomotor Response (Rhythmeter)," seems to be in
violation of the rule to avoid the use of such introductory phrases
as "distribution of." ficre, the manner of distribution is of import
and the title is appropriate.
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TABLE 1.-151STIIIBUTION OF SCORES AND RELIABILITY COEFFICIENTS
FOR THE STUDY GROUPS ON THE INSTRUMENT TO MEASURE

LOCOMOTOR RESPONSE (RHYTHMETER)

Croup

Number
of cases

(169) Mean

Range
(30)
items

Control Group
General college

population ______ 89 8.1 1.27
Experimental Croup

Dance Club members 42 20.3 13-28
Professional dancers 383 21.7 12.29
Combined Experl.

mental Croup__ 80 20.9 12.29

S.D.

Hoyt's
formula

(r)

6.5

4.5
4.4

4.4

.91

.68

.575

.66

Splitbalf
correla.

tiou

£9

.89
.87

.88

Must H. An analytical table (Source: Research Qua:tidy 29:345; October 1958.)

In the table, the groups are alphabetically arranged. The sub-
groups under "Experimental Group" are alphabetically arranged
except for the combined group. A miscellaneous group would be
listed last in other tablos. It may be possible in some tables to
order sub-groups by magnitude of scores with the highest scores
at the top. In other tables, it may be desirable to give totals for the
columns and the rows. It is essential that the sideheads in the stub
of the table be co-ordinated in value.

As a rule, not over three or four classifications should be in
volved in one table, as meaning is lost with complexity.

It should be noted that the title is fully capitalized and that the
carry-over has been centered to follow the style of the Quarterly.
Note that regular lines begin and close this table. The stubs
for each of the first and last stories of boxheads are open in this
table. This is preferred to closing the sides of the table,
Grapht. Graphical methods facilitate the drawing of logical con-
elusions and inferences.
The Co-ordinate System. Basically, a graph is obtained by plotting
figures in relation to a vertical (Y) axis or ordinate and a hori-
fonts! (X) axis or abscissa, the intersection of which forms the
origin or stro of both axes.

Scores or values to the right of the origin are positive, those
to the left are negative. Frequencies or values above the origin are
positive. Those below are negative. Thus, the signs of all products
in quadrants I and III are positive, while those in quadrants II
and IV are negative. Most ordinary graphs and figures using the
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co-ordinate system employ only quadrant I. Captions should ac-
company both the vertical and the horizontal scales. A graph
should be planned so that it is attractive, simple, self-explanatory,
and accurately informative.

U I
0 +

ADICIESA

ORDINATE
}UM/ III. The stet and quadrants upon which the graphs are based.

Usually, a figure is reduced from the original drawing for
printing. Care must be taken that figures, lettering, and especially
numbers, are large enough to be readable when reduced. If a scale
accompanies the drawing, the scale should be in absolute prom.
Lion rather than in inches, centimeters, etc.
Frequency Polygon. In this figure the frequencies or dependent
variables are usually placed on the Y axis or ordinate, whereas
the independ,nt variables or score values are placed on the X axis
or abscissa. The height of the figure should be ill ratio of about
3 to 4 with the width. Such ratios may vary from 4 to 5 (.80) to
4 to 7 (.57), however. If several figures are to be compared, they
should have a common ratio.

The ranges of the scores ant of the frequencies are determined
and convenient intervals are laid off on the respective axes. Both
axes should extend at least one interval beyond eack limit of the
data. Captions should accompany both scales.

Dots are first placed midway of the score intervals at the height
of the appropriate frequencies shown on the ordinate. These dots
are then connected by straight lines, and the end dots are connected
to the base line by lines drawn to the midpoints of the nearest
interval of zero frequency.

When two or more distributions are to be compared on the same
figure, dotted or broken lines should be used to differentiate. The
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frequencies should be reduced to percentages, so that unequal
populations will not distort the comparisons. When only ,ne dis-
tribution is shown, the frequencies should be shown on the scale
on the left and the percentages may be shown in the vertical scale
on the right. It is undesirable to draw separate figures for fre-
quencies and percentages.

The exemplary frequency curve in Figure IV was originally
plotted on semilogarithmic paper. If differentiated vertical lines
had been drawn at the mean for each polygon, the true increase
could be observed.

10

3

600-VARD RUN

11 \

A94015.0.170 Axes

Thiel

la 120 45
minsit41

Actin IV. Frequency polyps (Source: &seine% Osage* 29:34S; Mutt 1951.)

Histogram. The purpose of a histogram is similar to that of a
frequency polygon, to indicate the distribution of the sample with
regard to a variable. The histogram differs from the frequency
polygon essentially In one respect. This difference is that instead
of assuming the midpoint of an interval to be most representative
of the cases therein, the cases are assumed to be evenly spread over
the interval. Accordingly, at the ordinate height corresponding to
the frequencies of a given score or value interval, a horizontal line
is drawn the width of the interval parallel to the abscissa. These
adjacent horizontal lines are connected by vertical lines. Thus a
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polygon is outlined, the area of which is proportional to the popu-
lation of the sample.

Figure Va illuitrates an oAine histoi,cam in which the per-
centages of the distribution population are indicated rather than
the frequencies, +tad the mean for the entire college population is
shown by the vertical line. Close comparisons of interval he-

Mtn COLLCCC 1105A0300011
Hit

M. tit
ea Oil
Pk a 11.111
Nat'l,

PHYSICAL FITNESS INDEX
to $0 so 'r, so a PO $0 PO Pt* NO 00 IJO AO yo0..."

MIN/1011111111111

Fi t,P t Va. Oatlioe bistqrsta (Solute: Resestch Qsatietly 15:214; October 1944.)

quencies are not readily discernible. The bar histogram corrects
such a deficiency, as can be seen h Figure Vb. The bars in the
graph are directly proportional to the interval frequencies. The
difference between these histograms is made by continuing the
connecting vertical lines down to the base line or abscissa. In the
illustrative graph, the number of men (frequencies) is indicated on
the vertical scale on the left. It should be noted that in each scale
the range is correctly greater than the highest expectancy.

Line Graphs. 'The line graph is usually employed to disAose trends
in continuous data. The typical teaming cuzve is an example
in which the number of trials are indicated on the abscissa scale
and the responses, successes, or scores are indicated on the ordi-
nate scale. The dots for any point of reference are determined
by moving out on the abscissa the required distance (number of
trials, or the time in years, months, or days) and above that place
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FicvRt Vb. Bor histogram (Source: ReseercA Quit:telly 17:189; October 19405.)

move to the appropriate height on the ordinate (successes, re

spontes, or score). These dots are connected serially.

In Figure VI, data cre presented regarding the learning of three

groups (X, Y, and 2). The learning curves are differentiated by

r

ones

Mtn VI. Llue graph (Source: Antioch Owned, 30:195; /illy 19593
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dotted lines, solid lines, and dot-dash lines respectively. The
typical rise followed by a plateau is observable.
Bar Graph. Bar graphs may be vertical or horizontal as in Figure
VII. In the horizontal bar graphs shown here, there are several
splendid features. The bars are ranked in descending order for
area scoresthe states being taken out of alphabetical order. The
mean for the 25 states is shown by a vertical line. The space
between bars is properly abolt one-half the width of the bar for
contrast in reproduction.

1110.
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LA.
P .O.

NT(W)
11011
AT 110
MINN.

WIC
CAL.
ARK.

IOWA
01110 1111 I 1

MN.
VIR

GALL ri=1=3
W O.

RANO.

NAIR. 111=r=

Ave_

IC OUTDOOR .70Z 1110001 XC LOCK, - SNORER

I I An 1.11111= DEN. =MC= DEM. IMO= DI N. Wage=
OCM. MEM= rt as NMI= IOWA ®MPC11. 11111:3:=1WC* UM= WPM Ma= CORR CALCAL. MEM= COIN ME= eat_ RACT
1010 NM= Ik0. 1111111 I 10001 1.111=1 ATM
ILL. RAOI CM= MORT Mr= ILLRAU. == ILL. ILL. 11111.7= COMM
'ARIA IIMIE:=3 MONT NM= PA AO T. EZEM:=1 re As
MONT. MEI= CAL. MC= MICK. MEM= 11111 j
M.O. MC= MIRA, ME= 1110. 11111111=1
01110 1111111= RAW OM= "M. 1.1.]:=1 R.T I r 1

MIRM. 111111:C= N.T. MIL= M.T. 11.11== IRO
MAIN. /1.1=1_ 11 C. 11.11 111.11=n I.
WO. .11:=70 MD. M. I 1 01410 ors= AM( M=3
Gm*. MK= id I tot. MO. 1111111=1 r vai
WIC NE= 01110 MEM= 001.0. MD= 111101 4 r
CORN. MINZI=3 WVA. all== RVIRI CALA
R.T. MI= Moil) MC= At OW COLO rIII. NE= IA. an= WIN. kill
"OA. IENV 0.0. IICI:=1 Num It-
10.1r ) ilM111101MRKIDI col.° IIII==1 IC". Mil r= 01110 1 Ir.VA. UM= /MR. II 11 liff=1=011011T
LA MIM=1 CALA. I M.VA MC= NEI II
COLA. !cc= AIM. iir== ORL A. W=3 MN' r
ARIL MI= via. . _1 ILA. Mr= MO F==
AVM IIKZ:Z= LA. II= ARIL 111== LA.
VI. n=r.= miss. too 01.==1 TEN IL
Tom. IOC= rip also vA. tAve. MN= Ave. *VI. MI= AVE. I I

FIGURE VII. Horizontal bar graph (Source: Professional Contributions No. 4, American
Academy of Physical Education, 1955, p. 6.)

In the preparation of such graphs for reproduction, the worker
is warned not to have a dull typing process and a brilliant black
India ink value on the bars. Such contrasts are difficult to photo-
graph evenly. The field upon which the bars are drawn should
have a minimum of co-ordinate lines, as the latter tend to obscure
the picture. This is even more true when bars are in outline rather
than in solid form. Color filters may be affixed to cameras to
screen out extraneous lines on most co-ordinate paper. The use of
blue lined paper will obviate this problem.

No figures of percents or frequency should be written at the ends
of the bars. This practice distorts the visual lengths. Instead, the
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numbers may be written within the bars or indicated by scales at
the sides.

Divided Bar Graphs. The general principles for bar graphs apply
in this case as well. In addition, the parts of the bar should be in
the same order in all bars for easy comparison. If possible, that
order should be the one of importance or size. Bar graphs lend
themselves well to item comparisons of expenditures, proportional
frequency of practice, and sources of total income. They may be
substituted generally whenever more than one variable is con-
trasted for geographical or temporal considerations. Legends
should usually accompany the graph to indicate the meaning of
bar parts. Such a legend may well be inserted in an open space
on the graph. The cross hatching and shading for bar graphs may
he purchased in sheets, cut, and pasted on the original graph as
needed.

The divided bar graph (with central tendency and variability)
is a dc'fice for showing the central tendency (mean or median) for
such velues as rating, item cost, and age at which degrees are
attained. It conveniently indicates a representative result, a total

100
111., .

170
25.5

140
12.5

740
195

ILO

165

ISO

13.5

12.0

105

40

45

1.5

30.0
5.5

27.0

24.0
17.6
21.0
19.3

ILO
16.5

15.0

13.5
11.0
10.5

5.0
7.5
6.0

4.5
5.0

1.5

0.00.0

IRAN POI 1171: 1(11; Jiff eit if!
1311111
RAW

11111147 4.40 4 25 4119 III 1.56 1199 5.60 493 1144 3.11

noun V111. Divided bar graph (Source: K. W. Bookwalter, National Survey of
Health and Physical Education Programs for Boys in High Schools, 1950-54. Indiana

University, 1958, mimeographed.)
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range, and a more reliable measure of spread around the central
measure, usually sigma or Q respectively.

In Figure IX, the central tendency employed is the mean and
the bars are used to indicate the directions of the variabilities from
the mean bars. An additional desirable feature is the drafting
of the items on the left in black India ink to avoid tone contrast
with the bars.
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FlcuRE IX. Divided bar graph. (Source: Doctor's thesis, Indiana University by James
Joseph Rice, entitled Seams in Health and Physical Education Score Card Number 11

Standards Compared with Selected Outcomes in Physical Education, 1957, p. 55.)

Circle Graph. For depicting percentage and source of certain
practices, item distribution of costs, or expenditures, the circle
graph is a valuable technique.

In the ilinstration certain basic criteria are generally followed;
namely, a vertical line starts the comparisons which move clock-
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wise, the items are arranged in descending order, the items are
identified, and all items in the two circles are compared in the
same order. This last criterion is more important than the criterion
that the items should be in rank order, in case several circles are
being compared.

In determining the sizes of the sectors, measumments should be
in degrees and be proportionate to the 360 degrees of the circle.
A protractor is used in such measurement.

PLAYGROUND A

ZONE I
43.8%

ZONE III
27.2%

ZONE II ."
9.3%

ZONE N
\3.1%

PLAYGROUND B

ZONE I
60.4%

FIGURE X. Circle graph (Adapted from Chart H. Patron Participation by Zones,
Research Quarterly 28:144; May 1957.'

Pictograph. The pictograph technique employs stylized drawings,
silhouettes, or representations of the objects or values being com
pared. In function, pictographs are frequently used instead of
simple bar graphs. However, they are also used to characterize
the nature of certain occupational, age, or commodity groups in
geographical or other groupings. Their chief advantage lies in
their interestarousing nature. Certain characteristics of the sample
or group may be more vividly depicted by these figurettes also.

The elements utilized in this model and many similar elements
can be purchased from art supply houses or bookstores in sheets
and then cut out and pasted on the original graph as needed. The
legend here properly indicates the unit or units represented by each
figure to facilitate interpretation of the chart. The specific values
can rarely be obtained from such charts but the general impression
is graphically shown and, in any case, confirming tables should
accompany the chart.
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Pictographs have been nicely combined at times with the use
of maps to illustrate distributions of such variables as vocations.
products, attitudes, or expenditures.

TEACHERS

Al }talon;

Elms Mori

Sirceadary

aura'

Women

WITH MASTER'S DEGREES OUT-NUMBER THOSE WITHOUT BACHELOR'S DEGREES

Mailer'. or higher &wee

114
If
ISIOI

)411

If
Tech irlibel reresmis it) mond of IM romp ilopich4 I A leseergh Dithlen ICU..

FIGURE XL Pictograph (Source: NEB! Research Bulletin 35:1:13; February 1957.)

Diagrams or Pictures. Drawings of objects, testing or laboratory
procedures, or mechanical set-ups are examples of uses for the
diagram. As a rule, diagrams are substitutes for pictures. There
is no accepted rule as to when to use a diagram and when to use a
picture. The diagram may be merely a careful sketch, a more
exact artists's drawing, or a draftsman's sketch that follows engi-
neering requirements. The nature of the report and the type of
reader expected will determine the exactitude. Sometimes the
drawing may be more satisfactory than the picture, and at other
times the reverse is true.

In the case of Figure XIIa, the tensiometer is an object rather
well depicted by the careful artists's sketch. Only good photog-
raphy could have assured such detail. On the other hand, Figure
XIIb is an example of a diagram of a test set-up which failed to
give the detail of the light over the mirror, the shield before the
mirror, the electric counter, the dry battery, the stylus, and the
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31
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as to
if
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FIGURE MO, Sketch picture of the tensiometer (Source: Research Quarterly 19:121;
May 1948.)

FIGURE XIlb. Diagram of mirrordrawing instrument (Source: Research Quarterly 30:
192; May 1959.)
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timerall parts of the set-up for the stabilimeter. The diagram
was later replaced by the commercial photograph which is shown
in Figure Mc. Note how a black background brings out the
highlights of the experimental set-up.

h4ottc",

FIGURE XlIc. Photographic picture of minor-drawing instrument.

Organization Diagram. The relationships of authority and respon-
sibility in political or departmental organization, or the interrela-
tionships of philosophical concepts can frequently be clarified by
a diagrammatic presentation. The source of authority and the
subordinate officers and branches should be blocked off and ar-
ranged in their proper hierarchies. Lines of authority should be
solid and lines of co-operation should be dotted. Whenever lines
cross unrelated lines of authority, one of the lines should have a
"U-shaped" loop at that junction to indicate the unrelatedness.

The accompanying figure is exemplary of a philosophical pres-
entation in diagrammatic form which gives an orderly explanation
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in more simple form than would ordinarily be possible in para-
graph development.

Ultimate
Aim

Remote
objectives

SANINANSSIII
Objectives

lionycNate
Objectives
!Outcomes)

!Time
Outcomei 11

THE AIM OF PHYSICAL EOLICATION IS TO DEVELOP THROUGH TOTAL 600Y

ACTIVITY, PAINAAILY ON THE PLAY LEVEL, THE PHYSICALLY, MENTALLY, AND

SOCIALLY INTEGAMEO ANO EFFECTIVE INDIVIDUAL*

PAilosophicei
Level

CONDITION FAXED ADAPTIVI PATTEAN
CONTROLS CONTROLS CONTROLS

WM;
11/1

IV vier
I"111s

If
1

IMearco.
able
and

Attain.
b4)

FIGURE XIII. Organization diagr: ',Source: The Physical Educator 4:4:190; June
1944.)

Maps. As a rule maps of the United States and of the several states
can be purchased economically in various stages of detail. The
amount of detail needed depends upon the nature of the problem.
It is unusual to find district and regional maps readily available.
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They must be cut out of larger maps and be reproduced, or large'
maps may be used and only the district or region under concern
need be utilized. County and city maps are usually obtainable at
the court house or city hall. In large cities, cartographers have a
wide variety of maps on hand for all purposes.

The cross hatching and shaded areas shown in Figure XIV
are of course obtainable in glazine sheets and may be cut to shape
and pasted on a larger map which is then reproduced to size. If
regions or districts are to be indicated, such as the Eastern Dis
trict or the Midwest District of the American Association for.
Health, Physical Education, and Recreation, these demarcations
may be made by narrow strips of white paper also cut and applied
to the map. As would be expected, the legend shows the higher,
intermediate, and lower ranking states in the characteristic studied.

1

T
0 Kg 11111411)

swam

FIGURC XIV. Map (Source: K. W. Bookwalter, National Survey of Health and Physi-
cal Education Programs for Boys in High Schools, 195044. Irdiana University, 1953,

mimeographed.)

Reproduction of Graphic Material. Abstracts of research reports
are a frequent requirement. When more than five or six but less
than a hundred copies of material are needed, the original copy
and drawings may be typed and traced on ditto or hectograph
carbon and the resulting stencil should be sufficiently sharp for
this small number of copies.
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If several hundred to a thousand copies are needed but once, a
mimeograph stencil can be typed or traced as in the original and
this number of copies will usually be quite sharp in detail. If
exact placing on the page is important, the stencil should be run
off on an electric machine rather than a hand-run model.

Should frequent recourse to large numbers of new issue of the
material be likely, multilithing, planographing, or other photo-
offset processes give values practically as satisfactory as printing
and are much cheaper, especially when reproduction of figures is
involved. For this type of reproduction, the copy must be a sharp
black and white and have no intermediate gray values. Typing
with a new black ribbon, backing the page with a new carbon (face
up), and tracing all drawings in India ink will assure good results
in offset processing. When figures are drawn on co-ordinate paper
with blue, green, or sepia lines, the extranes lines may be filtered
out if panchromatic films are used and a 1, ,er is attached to the
camera. Care must be taken that the size and amount of typing is
such that the reproduction can be read. This is especially a prob-
lem when drawings are reduced.

When only five to ten copies of figures are needed, sharp detail
may be had by photography with Kodalith or similar film. A
reasonable substitute process is photostating, though contrasts are
not as sharp in this process as in Kodalithing.

FORM IN THE REPORT
Before starting to write up the report, the author should check

carefully with the policies and standards required by the editor,
publisher, or institution for whom he is writing. By checking
on the correct forms for tables and graphs, he will save much time.
Suggested order or arrangement, capitalization, and spacing should
be decided upon before the report is typed. It is well to make a
list of the forms to be followed, so that consistency in form will be
assured.

If the report is to be bound in typed or mimeographed form, the
left-hand margin should be one and one-half inches. Usually, when
the left-hand margin is one and one-half inches, the top margin is
also one and one-half inches and the right and bottom margins
are one inch.
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Footnotes. The most common purposes for which footnotes are
used aro to cite the authority quoted, to explain a statement in the
text, to refer to other sources in the same paper, and to indicate
other authorities.

The form for the footnote reference, when referring to the
literature, is similar to the form used in the bibliography, except
that the exact page reference is given and the indention may differ.
If there are many footnotes to be written, the author may wish to
use a numbered bibliography and use the numbered footnote in
the text as: 1:534; 12:233. In this form, the author indicates
references to sources by numbers placed in parentheses at the point
of reference. These numbers indicate the proper item in the alpha-
betically arranged and numbered bibliography and replace the
footnote at the bottom of the page. For example, "Deaver's study
(19:10)" means the material cited will be found on page 10 in
the bibliographical item number 19.

The editorial policies of the &search Quarterly (24) reauire
that if regular footnotes are used, the author should identify them
in the text with superior figures numbered consecutively throughout
the report. Footnotes are to be separated from the text by a hori-
zontal line abo7e and below or typed on a separate page.

For unprinted reports, the footnote is placed at the bottom of the
page and separated from the text by a horizontal line. In a lengthy
report in which the chapter type of arrangement is used, it is
customary to number the footnotes consecutively within the chapter.

When references to the same work appear consecutively on the
same page Mid may be used, followed by the page number on
which the cited material appears (Example: Mid, p. 20). When a
reference has been given in full on a previous page (usually not
more than four or five pages back) and intervening references have
occurred, the abbreviation op. cit. may be used, preceded by the
page number or numbers (Example: Deaver, op. cit., p. 12). If
more than one reference by the same author is quoted, the name
of the book or article must he given. When exactly the same refer-
ence is used twice in succession, Loc. cit. may be used (Example:
Deaver, toe. cit.). However, there is a recent trend to use Mid in
place of Loc. cit. There should be no footnote carry-over from
one page to the following page.
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Paragraph Development. Sentences within a paragraph should
lead from one to the other. It is preferable to avoid constant use of
short sentences or of long sentences. Change in style is desirable.

Paragraphs and footnotes are usually indented five or seven
spaces. The author should be consistent in the use of the selected
indention.

Some hints for good writing form are:
1. The carry-over of a paragraph should have at least two lines to

the following page if there has to be a carry -over.
2. Try to eliminate the division of words, but if necessary divide

the word according to pronunciation. Do not divide a syllable
with a silent vowel. The last word on the page should not be
divided.

3. Be consistent in the use of combined words. Some are always
hyphenated, while others may or may not be hyphenated.

4. Be consistent in the spelling of words when there is more than
one acceptable way to spell a word.

5. The period and comma should be placed inside quotation marks.
The period should also be placed inside parentheses or brackets
when the matter enclosed is an independent sentence forming no
part of the preceding sentence.

6. Seven consecutive words or more of quoted material should be
placed within quotation marks or within a quotation paragraph.
A quotation of more than three lines should be paragraphed. All
quoted material should be quoted accurately.

7. It is usually recommended that the underscoring follow the length
of the word, with a break before underlining the successive word.

Reference Bibliography. The references in the bibliography
should not be numbered, unless the numbers are used for footnote
purposes. The references should be alphabetically arranged by
author, especially if the references are not numbered. The fire.
line begins at the margin and the carry-over is indented as for
paragraph indentions (five or seven spaces). The indention should
be the same as for the carry-over in the reference data.
Spacing. Except in certain instances, the usual report should be
double spaced except for footnotes, paragraph quotations, bibliog-
raphy, and special spacing between headings, and for tables and
figures. Triple spacing is recommended for spacing between the
close of a paragraph t nd the heading that follows and between the
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chapter title and the first line of the content. Double spacing is
recommended between chapter numbers and chapter titles.

Spacing aids the author in obtaining unity and emphasis of
material. Car, should be taken to see that the reader obtains the
impression desired by the author.

PREPARATION OF MANUSCRIPT FOR PUBLISHER

Following approVed procedures in the form of the manuscript
will save the author time, energy, and money. All first-rate pub-
lishing houses have their own rules of style with which the author
should acquaint himself. In general, in preparing the manuscript,
type on only one side of the paper, use good quality white paper
of 13 to 20 pound weight, and use a page of uniform size, pref.
erably 81/2 by 11 inches.

The mechanical features of the report should be consistent
throughout, and great care should be exercised to ensure that the
report goes to the publisher in the precise form that the author
wishes it to be printed. The printer will follow the copy exactly.
since he is responsible and must accept the expense for any varia
tions that appear in the proof. For this reason, the author cannot
expect the printer to change on his own initiative even those errors
which appear to be perfectly obvious.

If the writer wishei to indicate his preference in the use of large
or small capitals, italics or bold face type, the following technical
marks (14: 56) may be used.

Underscore the letters or words concerned with (a) three lines
(sstansag) for capital letters, (b) two lines (===) for small
capital letters, (c) one line (-) for italic type, and (d) a wary
line for bold faced or black type.

The publisher will return the report to the author for proof-
reading. It is usually in galley form, a sheet which is much longer
than the actual page site that will be used. Since proofreading is
a difficult job, it is recommended that the author secure the assist.
ance of another person to read the report aloud while he corrects
the galley proof.

Standard proofreaders' marks (13:20, 14:132, 33:184) should
be used in making the corrections, and all corrections should be
made in the margin. If there is more than one correction in a line,
eorections should be placed In order.
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It is very important that the author refrain from making changes
in the galley proof, unless it is for the correction of an error.
Alterations in the galley proof may requite resetting of several
lines. If it is essential that changes be made, the new material
inserted should occupy, if possible, the same amount of space as
the original material in the copy.

All corrections should be made immediately, and the galley
proof should be returned promptly to the publisher in order to
avoid delays in publication.

If it is necessary to estimate a manuscript for printing space, the
following procedure may be used. Find the total number of lima
and the average length of line in inches on a typical page. Divide
the total number of inches by the number of characters on the
printed page. The kind of type, pica or elite, should be taken into
consideration. Pica type will occupy 10 letters to the inch whereas
elite will occupy 12 letters to the inch.

In mailing the manuscript or galley proof, use a tough container
that will not tear and that is large enough so that the manuscript
is kept flat. It should be labeled carefully, include a return address,
and be insured. The author should retain a complete copy, in case.
of loss in the mail.
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