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PREFACE

Purpose and Content

Students in measurement and evaluation classes often are
bombarded with an abundance of information. Regret-
tably, some students complete the class with a little
knowledge in many areas but no confidence or skills to
perform the procedures and techniques presented in the
class. As professionals in school or nonschool settings,
these same students often do not measure and assess
knowledge, physical performance, and affective behavior
in the proper way.

The purpose of this text is to help the physical educa-
tion, exercise science, or kinesiology major develop the
necessary confidence and skills to conduct measurement
techniques properly and effectively. However, more than
just measurement techniques are presented. Emphasis is
placed upon the reasons for the measurement and the re-
sponsibilities after measurement is completed. These in-
clusions should help the student develop an appreciation
of the need for measurement in a variety of settings. In
addition, every effort has been made to present all the
material in an uncomplicated way, and only practical
measurement techniques are included.

Upon successful completion of the chapter objectives,
the user of this text should be able to

1. Understand, explain, and use the professional
terminology presented in the text.

2. Use and interpret fundamental statistical
techniques.

3. Select appropriate knowledge and psychomotor tests.

4. Construct good psychomotor tests.

5. Construct good objective and subjective knowledge
tests.

6. Objectively assess and grade students who
participate in a physical education class.

7. Administer psychomotor and sports skills tests,
interpret the results, and prescribe activities
for the development of psychomotor and sports
skills.

8. Administer body structure and composition tests,
interpret the results, and prescribe scientifically
sound methods for attainment of a healthy
percentage of body fat.

9. Administer psychomotor tests to special-needs
populations, interpret the results, and prescribe
activities for the development of psychomotor
skills.

Audience

At one time, most undergraduate physical education
majors planned to teach in grades K through 12. Today
many majors in physical education, exercise science,
kinesiology, and other similar subject areas anticipate a
career in the nonschool environment. This book is
designed for use by majors preparing for either environ-
ment—school or nonschool. With the exception of
grading skills, all of the competencies presented in this
book will be expected in a variety of professional
settings.

Xi



Organization

The text is organized so that the student will develop fun-
damental statistics skills early in the course (chapters 1—4).
These skills are to be demonstrated throughout the text.
Chapter 5, “What Is a Good Test,” describes the criteria of
a good test. Since these criteria and related terms are used
throughout the text, it is recommended that this chapter be
covered before the chapters that follow. Chapter 6, “Con-
struction of Knowledge Tests,” and chapter 7, “Assessing
and Grading the Students,” may be covered in the se-
quence presented or later in the course. It is recommended
that chapter 8, “Construction and Administration of Psy-
chomotor Tests,” be presented before any discussion of
psychomotor testing. The components of health-related fit-
ness and skill-related fitness (chapters 9—14) are described
before the presentation of health-related and skill-related
fitness tests (chapter 15, “Physical Fitness”) so that the stu-
dent will better understand these components. These chap-
ters may be presented in a different sequence if the in-
structor wishes to do so. Chaper 16 on functional fitness of
“Older Adults”; chapter 17, “Special-Needs Populations”;
and chapter 18, “Sports Skills” also may be presented in a
different sequence by the instructor.

Approach

The statistics information is presented in a friendly and
simplified manner so that it is nonintimidating. In addi-
tion, although the text information is sometimes pre-
sented in a “nuts-and-bolts” style, it is comprehensive as
well as straightforward, accurate, and practical.

This book and related assignments can be completed
without the use of a microcomputer, but the microcomputer
can be applied in a variety of ways. No instruction for the
use of a statistical software program is provided. A variety
of such programs are available, however, and the program
of choice may be used by the instructor and students.

Pedagogy
The following features of this book will assist the student
in mastering the material:

* The text is readable and understandable.
 Specific objectives are stated at the beginning of
each chapter.

Xii Preface

» Key words are in bold print.

« Statistical procedures are provided in steps, or
cookbook format, and examples related to physical
education are provided.

» Reminders of chapter objectives are placed in the
text in the form of “Are you able to do the
following” questions.

* A Point of Emphasis box is used to reinforce
particular concepts or practices.

» Review problems to reinforce the chapter
objectives are provided at the conclusion of most
chapters.

» Review questions are provided at the conclusion of
all chapters.

Instructor Resources

Online ancillaries that accompany this text include
PowerPoint slides and test bank questions. These re-
sources can be accessed by visiting the book’s web site at
www.mhhe.com/measurement6e.
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Measurement, Evaluation,
Assessment, and Statistics

1. Define the term statistics.

(44 y statistics? I each.

don’t need statis-
tics to be a good teacher.”
“I don’t need statistics. I
plan to work in a health
fitness center.”

cal educator.

After completing this chapter, you should be able to

2. Define the terms test, measurement, evaluation, and assessment, and give examples of

3. List and describe the reasons for measurement, evaluation, and assessment by the physi-

4. State why the ability to use statistics is important for the physical educator.

Perhaps you have made
comments similar to these or have heard some of your
classmates make them. If you do not plan to perform your
responsibilities as they should be performed, and you do
not plan to continue your professional growth, you are
correct in believing that you do not need statistics. How-
ever, if you want to perform your professional responsi-
bilities in exemplary fashion, the study of statistics should
be included in your preparation.

Statistics involves the collection, organization, and
analysis of numerical data. Statistical methods require the
use of symbols, terminology, and techniques that may be
new to you, but you should not fear these methods. The
idea that statistics is a form of higher mathematics is
incorrect. To successfully perform the statistics presented
in this book, you need only a basic knowledge of arith-
metic and some simple algebra. The most complex for-
mula in statistics can be reduced to a series of logical steps
involving adding, subtracting, multiplying, and dividing.
If you are willing to study the statistical concepts and per-
form the provided exercises, you will master the statistics
presented to you.

Before finding an answer to “Why statistics?” you
should understand the meaning of measurement and eval-
uation and the reasons for measurement by the physical

educator. Measurement is not a new concept to you. You
measured your height and weight throughout your grow-
ing years. You have read how fast athletes have run, how
high some have jumped, and how far a baseball or a golf
ball has been hit. All of these are examples of measure-
ment. When you assume a position as a physical educator
in the private, public, teaching, or nonteaching sector, you
will perform measurement tasks. On many occasions this
measurement will be administered in the form of a test,
resulting in a score. For our purposes, a test is an instru-
ment or a tool used to make a particular measurement. The
tool may be written, oral, mechanical, or another variation.
Examples of such tests are cardiorespiratory fitness tests,
flexibility tests, and strength tests. On other occasions
measurement may not involve a performance by a person
but will consist of the measurement of a particular attribute.
Heart rate, blood pressure, and body fat measurements are
such examples. You should recognize that in all of the
preceding examples, numbers are obtained. So we can say
that measurement is usually thought of as quantitative; it
is the process of assigning a number to a performance
or an attribute of a person. Sometimes when you measure,
the score is a term or a phrase, but usually measurement
will involve the use of numbers. Of course, objects are



measured too, but as a physical educator you will be con-
cerned primarily with people.

Once you have completed the measurement of a par-
ticular attribute of an individual, you must give meaning
to it. For instance, if you administer a cardiorespiratory
fitness test to participants of an adult fitness group, they
will immediately want to know the status of their car-
diorespiratory fitness. Without an interpretation of the
quality of the test scores, the test has no meaning to the
group. If you perform skinfold measurements in a physi-
cal education class, on athletes, or on members of a health
club, the individuals will want to know what the sum of
the measurements means in relation to body fat; other-
wise, the measurements will have no meaning. The same
can be said for written tests. There must be an interpreta-
tion of the test scores if they are to have meaning. This
interpretation of measurement is evaluation: that is, a
judgment about the measurement. For measurement to be
effective, it must be followed by evaluation.

It is at this point that some physical educators stop.
They measure an attribute, interpret the results to individ-
uals, and go no further. They fail to use the results of their
measurement and evaluation to identify performance and
behavior problems and to prescribe how the problems can
be corrected. This process—measure, evaluate, identify,
and prescribe—is referred to as assessment. Let’s again
use the example of skinfold measurements. Assume that
several individuals in the group that you measure are
diagnosed as overfat as a result of your measurements.
You should attempt to determine the eating and activity
habits of the individuals and prescribe the proper diet and
exercise program. This process is followed by exercise
prescription specialists and athletic trainers. Individuals
do not all begin an exercise program at the same level.
The prescription level for an individual is determined
through measurement, evaluation, and identification of
the strengths and weaknesses or needs of the individual.
Likewise, athletic trainers follow the same process with
injured athletes. The extent of the athlete’s injury is
determined through measurement and evaluation and
then a rehabilitation program is prescribed. Additionally,
the athlete usually is not permitted to return to competi-
tion until certain tasks or tests can be performed success-
fully. In the school environment, the concept of authentic
assessment is emphasized. This concept will be discussed
in a later chapter.

2 Chapter 1

I ARE YOU ABLE TO DO THE FOLLOWING?
= Define the term statistics?
= Define the terms test, measurement, evaluation, and

assessment, and give examples of measurement, evalu-
ation, and assessment?

Reasons for Measurement, Evaluation,
and Assessment by the Physical Educator

Now that you know what is meant by the terms measure-
ment, evaluation, and assessment, let’s look at ways you
will use them in your profession.

Motivation

If used correctly, measurement can highly motivate most
individuals. In anticipation of a test, students usually
study the material or practice the physical tasks that are to
be measured. This study or practice should improve per-
formance. Skinfold measures might encourage overfat
individuals in health fitness programs to lose body fat.
Older individuals may be motivated to improve their flex-
ibility through the administration of flexibility tests. A
sports skills test administered to inform individuals of
their ability in the sport might motivate them to improve
their skills. This motivation is more likely to occur, how-
ever, if you as the instructor provide positive feedback.
Always try to keep your evaluation and assessment posi-
tive rather than negative.

Finally, most everyone enjoys comparing past per-
formances with current ones. Knowing that a second
measurement will take place, students and adults often
work to improve on the original score.

Diagnosis

Through measurement you can assess the weaknesses
(needs) and strengths of a group or individuals. Measure-
ment before the teaching of a sports skill, physical fitness
session, or other events you teach as a physical educator
may cause you to alter your initial approach to what you are
teaching. For example, you may discover that, before you
do anything else in a softball class, you need to teach the
students how to throw properly. You also may find that
some individuals need more or less attention than others in
the group. Identifying those students who can throw with



accuracy and good form will enable you to devote more
time to the students who cannot perform the skill. If you
serve as an adult fitness leader, the identification of individ-
uals with a higher level of fitness than the rest of the group
will enable you to begin their program at a different level.
In certain settings, you may be able to prescribe personal
exercises or programs to correct the diagnosed weaknesses.
Exercise prescription is a popular term in fitness programs,
but appropriate activities may be prescribed in other pro-
grams as well. Diagnostic measurement is valuable also
after a group has participated in a class for several weeks.
If some individuals are not progressing as you feel they
should, testing may help you determine why they are not.

Classification

There may be occasions when you would like to classify
individuals into similar groups for ease of instruction. In
addition, people usually feel more comfortable when per-
forming with others of similar skill. Sometimes, even in
so-called noncontact sports, homogeneous grouping
should be done for safety reasons. Also, homogeneous
grouping is occasionally necessary in aerobic and fitness
classes so that individuals with a low level of fitness will
not attempt to perform at the same intensity as individu-
als with a high level of fitness.

Achievement

The most common reason for measurement and assess-
ment is to determine the degree of achievement of pro-
gram objectives and personal goals. Most people like to
know how far they have progressed in a given period of
time. Participants in diet modification and exercise pro-
grams like to know their changes in body fat percentage
and muscle strength. Students like to know how far they
have progressed in sports skills development in a given
period of time. You too will need to know the achieve-
ment of participants to better evaluate the effectiveness
of your instruction. If participants are failing to achieve
their stated goals, you may need to revise their program or
your method of instruction.

Achievement often is used to determine grades in phys-
ical education. If administered properly, performance tests
and knowledge tests are appropriate for grading, and they
decrease the need for subjective grading of the students.
Many physical education teachers, however, mistakenly

use tests only for determining grades. The assigning of
grades will be discussed at length in chapter 7.

Evaluation of Instruction and Programs

With any responsibility you assume as a physical educa-
tor, occasionally you will have to justify the effectiveness
of your instruction or program to your employer. For
instance, when budget cuts are anticipated in the public
schools, physical education and the arts are often the first
programs considered for elimination. It also is necessary
to justify a program when budget increases are requested.
Furthermore, school accreditation studies require assess-
ment of instruction and programs. If measurement and
evaluation identify instructional or program problems,
correctional procedures are stated. Standardized forms
are available for program evaluation, but if program con-
tent is professionally sound, the success and effectiveness
of instruction and programs are best determined by how
well the participants fulfill program objectives. This
statement is true for school programs, fitness and well-
ness programs, and all other professional programs in
which you may have responsibilities. You must be able to
measure and assess instruction and programs.

Assessment of each student’s skill at the beginning of
an activity unit helps you determine the effectiveness of
previous instruction and programs and at what point you
should begin your instruction. If the students do not know
basic rules and cannot demonstrate the elementary play-
ing skills of an activity, it will be necessary to begin
instruction at that level. In addition, there may be times
when you want to compare different methods of teaching
sports skills or fitness. If you can be confident that the dif-
ferent groups are of equal initial ability, it is possible to
compare the results of test scores at the conclusion of
instruction and determine if one method of teaching is
better than another. This procedure will be discussed in
greater detail in chapter 4.

Prediction

Measurement to predict future performance in sport has
increased in popularity, but this type of testing usually
requires expertise in exercise physiology and psychology.
Maximum oxygen uptake, muscle biopsies, and anxiety
level are examples of tests that are used to predict future
performance in sport.

Measurement, Evaluation, Assessment, and Statistics 3



Research

Research is used to find meaningful solutions to problems
and as a means to expand a body of knowledge. It is of
value for program evaluation, instructor evaluation, and
improvement in performance, as well as other areas
related to physical education. Many opportunities exist
for physical educators who wish to perform research.

Now that you are aware of the primary reasons for meas-
urement, evaluation, and assessment in physical education,
you are ready to answer the question “Why statistics?”’

N ARE YOU ABLE TO DO THE FOLLOWING?

= List and describe the reasons for measurement, evalua-
tion, and assessment by the physical educator?

Why Statistics?

Whether you teach, instruct in a fitness center, adminis-
trate, or have responsibilities in a corporate setting, the
ability to use statistics will be of value to you. Although no
attempt will be made in this book to provide an extensive
coverage of statistics, after you have completed chapters 2,
3, and 4, you should have the skill to do the following.

Analyze and Interpret Data

The data gathered for any of the measurement reasons des-
cribed should be statistically analyzed and interpreted. It is a
mistake to gather data and make important decisions about
individuals without this analysis. Decisions regarding im-
provement in group performance and differences in teaching
methodology should not be made without statistical analysis.
Also, if you are willing to statistically analyze and interpret
test scores, you can better inform all participants of the test
results than you can with a routine analysis of the scores. So,
using statistical analysis and interpretation, you can provide
a more meaningful evaluation of your measurement.

Interpret Research

As aphysical educator you should read research published
in professional journals. After completion of this book you
will not understand all statistical concepts, but you will
understand enough to accurately interpret the results and
conclusions of many studies. This ability will enable you
to put into practice the conclusions of research. Too many
physical educators fail to use research findings because
they do not understand them. If you are to continue your
professional growth, it is essential that you be able to inter-
pret research related to your professional responsibilities.

Standardized Test Scores

Many measurements performed by the physical educator will
be in different units—for example, feet, seconds, and num-
bers. To compare such measurements, it is best to convert the
scores to standardized scores. A popular form of standardized
scores is percentile scores (such as reported SAT scores).

Determine the Worth (Validity and Reliability) of a Test

Validity refers to the degree to which a test measures what
it claims to measure. Reliability refers to the consistency
of a test (i.e., the test obtains approximately the same
results each time it is administered). These topics may not
mean much to you now, but by knowing how to interpret
statements about these characteristics, you are more likely
to select the appropriate tests to administer to your stu-
dents, clients, or customers. In addition, you will be able
to estimate the validity and reliability of tests that you
construct.

N ARE YOU ABLE TO DO THE FOLLOWING?

= State why the ability to use statistics is important to the
physical educator?

1. What does the term statistics mean? (page 1)

2. What do the terms fest, measurement, evaluation, and
assessment mean? Can you provide an example of
each? (pages 1-2)
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3. Imagine that you are now a professional in your cho-
sen field. Can you provide examples of how you
would use measurement, evaluation, and assessment
in your field? (page 2)

4. How might statistics be used in your chosen profes-
sion? (page 4)



Describing and Presenting
a Distribution of Scores

R egardless of your em-
ployment site, as a

physical educator you of-
ten will test individuals.
You may test for health
fitness, sport fitness or
skills, subject knowledge,
or other areas. After the
administration of a test,
you will be expected to
analyze the test scores
and present your analysis
to the test takers. The
analysis of a set of test
scores is referred to as de-
scriptive statistics.

Statistical Terms

After completing this chapter, you should be able to

1. Define all statistical terms that are presented.

2. Describe the four scales of measurement, and give examples of each.

3. Describe a normal distribution and four curves for distributions that are not normal.
4. Define the terms measures of central tendency and measures of variability.
5

. Define the three measures of central tendency; identify the symbols used to represent
them; describe their characteristics; calculate them with ungrouped data; and state how
they can be used to interpret data.

6. Define the three measures of variability; identify the symbols used to represent them; de-
scribe their characteristics; calculate them with ungrouped data; and state how they can
be used to interpret data.

7. Define percentile and percentile rank; identify the symbols used to represent them; calculate
them with ungrouped data; and state how they can be used to interpret data.

8. Define standard scores; calculate z-scores and T-scores, and interpret their meanings.

strength. Their values will vary from one person to
another, and they may not always be the same for
one individual.

Before you begin to develop the skills to use descriptive Population A population includes all subjects
statistics, become familiar with the following terms. Un- (members) within a defined group. All subjects
derstanding these terms will be valuable to you in chap- of the group have some measurable or observable

ters 3 and 4 also.

characteristic. For example, if you wanted to
determine the physical fitness of twelfth-grade

Data The result of measurement is called data. The students in a particular high school, the population
term data usually means the numerical result of would be all students in the twelfth grade.
measurement but can also mean verbal information. Sample A sample is a part or subgroup of the popu-

Variable A variable is a trait or characteristic of lation from which the measurements are actually
something that can assume more than one value. obtained. Rather than collect physical fitness data on
Examples of variables are cardiovascular endurance, all students in the twelfth grade, you could choose a
percentage of body fat, flexibility, and muscular smaller number to represent the population.



Random sample A random sample is one in which
every subject in the population has an equal chance
of being included in the sample. A sample could
be formed by randomly selecting a group to repre-
sent all twelfth graders. The selection could be done
by placing the names of all twelfth-grade students
in a container and randomly drawing the names
out of it or by using a table of random numbers.

Parameter A parameter is a value, a measurable
characteristic, that refers to a population. The
population mean (the average) is a parameter.

Statistic A statistic is a value, a measurable charac-
teristic, that refers to a sample. The sample mean
is a statistic. Statistics are used to estimate the
parameters of a defined population. (Nofe: When
used in this manner the word statistics is plural. If
used to denote a subject or a body of knowledge,
the word statistics is singular.)

Descriptive statistics When every member of a
group is measured and no attempt is made to
generalize to a larger group, the methods used to
describe the group are called descriptive statistics.
Conclusions are reached only about the group
being studied.

Inferential statistics When a random sample is
measured and projections or generalizations are
made about a larger group, inferential statistics are
used. The correct use of inferential statistics per-
mits you to use the data generated from a sample
to make inferences about the entire population.
Suppose you were in charge of a physical fitness
program at a wellness center and wanted to esti-
mate the physical fitness of all three hundred
female adults in the program. You could randomly
select thirty of the females, test them, and through
the use of inferential statistics, estimate the physi-
cal fitness of the three hundred females.

Discrete data Discrete data are measures that can
have only separate values. The values are limited
to certain numbers, usually whole numbers, and
cannot be reported as fractions. Examples of dis-
crete data are the sex of the individual, the number
of team members, the number of shots made, and
the number of hits in a softball game.

Chapter 2

Continuous data Continuous data are measures
that can have any value within a certain range. The
values can be reported as fractions. Running and
swimming events (time) and throwing events
(distance) are examples of continuous data.

Ungrouped data Ungrouped data are measures not
arranged in any meaningful manner. The raw
scores as recorded are used for calculations.

Grouped data Grouped data are measures
arranged in some meaningful manner to facilitate
calculations.

I ARE YOU ABLE TO DO THE FOLLOWING?
»  Define statistical terms?

Scales of Measurement

Variables may be grouped into four categories of scales
depending on the amount of information given by the
data. Different rules apply at each scale of measurement,
and each scale dictates certain types of statistical proce-
dures. As measurement moves from the lowest to the
highest scale, the result of measurement is closer to a
pure measure of a count of quantity or amount. The
lower the level of the data, the less information the data
provide.

Nominal Scale

The nominal scale, also called categorical, is the lowest
and most elementary scale. A naming level only, this
scale is used to identify and report the frequency of ob-
jects or persons. Names are given to the variables, and
categories are exclusive of each other; no comparisons of
the categories can be made, and each category is assumed
to be as valuable as the others. Some nominal scales have
only two categories, but others may have more. Positions
on sports teams, level of education, and state of residence
are examples of the nominal scale. Numbers may be used
to represent the variables, but the numbers do not have
numerical value or relationship. For example, 0 may be
used to represent the male classification and 1 the female
classification.



Ordinal Scale

The ordinal scale provides some information about the or-
der or rank of the variables, but it does not indicate how
much better one score is than another. No determination can
be made of the relative differences from rank to rank. For
example, the order of finish in a 10-kilometer race provides
information about who is fastest, but it does not indicate
how much faster the person who finished in first position is
than the person who came in second, or any of the other run-
ners. Examples of the ordinal scale are the ranking of ten-
nis team members from best to worst, class rank in a high
school graduating class, team standings in an athletic con-
ference, body frames (large, medium, small), and body fat
(lean, normal, overfat).

Interval Scale

An interval scale provides information about the order of
the variables, using equal units of measurement. The dis-
tance between divisions of the scale is always the same,
soitis possible to say how much better one number is than
another. However, the interval scale has no true zero
point. A good example of an interval scale is temperature.
It is possible to say that 90°F is 10° warmer than 80°F and
that 55°F is 10° warmer than 45°F, but it cannot be said

that 90° is twice as hot as 45°. Since 0°F does not mean
the complete absence of heat, there is no true zero point.
Many measurements in physical education are in the in-
terval scale. Surveys regarding sportsmanship and atti-
tude toward physical activity are examples of the interval
scale. In surveys of these types, a zero score does not
mean that a person has absolutely no sportsmanship or no
attitude toward activity.

Ratio Scale

A ratio scale possesses all the characteristics of the inter-
val scale and has a true zero point. Examples of ratio scales
are height, weight, time, and distance. Ten feet is twice as
long as 5 feet; 9 minutes is three times as long as 3 min-
utes; and 20 pounds is four times as heavy as 5 pounds.

In most statistical studies or analyses, interval and ra-
tio measurements are analyzed in the same way. Table 2.1
summarizes the major differences among the four scales
of measurement.

BN ARE YOU ABLE TO DO THE FOLLOWING?

= Define the four scales of measurement, and give exam-
ples of each?

TABLE 2.1 Scales of Measurement

Scale Characteristics

Examples

Nominal

magnitude.
Ordinal

between the measures.
Interval

point.

Ratio Numbers represent equal units between measure-

ments, and there is an absolute zero point.

Numbers represent categories. Numbers do not dis-
tinguish groups and do not reflect differences in

Numbers indicate rank order of measurements, but
they do not indicate the magnitude of the interval

Numbers represent equal units between measure-
ments. It is possible to say how much better one
measure is than another, but there is no true zero

Divisions by gender, race, eye color, or political party

Order of finish in races, grades for achievement

Temperature, year, 1Q

Height, weight, distance, time, heart rate, blood
pressure, blood cholesterol

Describing and Presenting a Distribution of Scores 1
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person.

identification.

person.

providing equal intervals between scores.

= A ratio scale has a true zero point.

cholesterol level of another person.

s N EVIPHASLS - - -

= Measurement is the assignment of numbers to a performance or to an attribute of a
= A nominal scale assigns a name or label to different objects or persons; it provides
= Numbers assigned with an ordinal scale identify and rank-order each object or

= [nterval and ratio scales have all the characteristics of the ordinal scale in addition to

= Ordinal, interval, and ratio scales provide measurement data.

= The ratio scale is the only scale in which ratios of measurement can be made. For
example, we can correctly state that someone ran twice as far or twice as fast as
another person. It also would be correct to say that someone has twice the blood

Normal Distribution

Most of the statistical methods used in descriptive and in-
ferential statistics are based on the assumptions that a dis-
tribution of scores is normal and that the distribution can
be graphically represented by the normal (bell-shaped)
curve as shown in figure 2.1. For example, the distribu-
tion of the college entrance test scores of all test takers
nationally would be normal. The test scores for a particu-
lar high school or group of students, however, may not
have a normal distribution. Individuals in the school or
group may score exceptionally high or low, causing the
curve to be skewed. This concept will be discussed later
in the chapter. As they are on all graphic representations
of frequency distributions, the score values are placed on
the horizontal axis, and the frequency of each score is
plotted with reference to the vertical axis. The two ends of
the curve are symmetrical and represent the scores at the
extremes of the distribution.

The normal distribution is theoretical and is based on
the assumption that the distribution contains an infinite
number of scores. You will not measure groups of infinite
size, so you should not be surprised when distributions do

8 Chapter 2

Frequency (f)

Scores (x)

FIGURE2.1 Normal curve.

not conform to the normal curve. If the distribution is
based on a large number of scores, however, it will be
close to normal distribution. You can have a large number
of scores if you administer the same test to several groups
or if you combine your test scores from several years of



FIGURE2.2 (a) Leptokurtic, (b) platykur-

f f tic, (c) bimodal, (d) positively skewed,
and (e) negatively skewed curves.
X " X
(a) Leptokurtic (b) Platykurtic
f f f
X -
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testing into one distribution. A normal distribution has the
following characteristics:

1. A bell-shaped curve.

2. Symmetrical distribution about the vertical axis of the
curve; whatever happens on one side of the curve is
mirrored on the other.

3. Greatest number of scores found in the middle of the
curve, with fewer and fewer found toward the ends of
the curve.

4. All measures of central tendency (mean, median,
mode) at the vertical axis.

Note: Occasionally, a distribution of scores will produce
acurve that is different than the normal curve (see figure 2.2).
These curves are very possible in work with small groups. If
a group consists of individuals who are very similar in abil-
ity (referred to as a homogeneous group), the curve is pointed
and is called leptokurtic. If the group consists of individuals
with a wide range of ability (referred to as a heterogeneous
group), the curve is flat and is called platykurtic. If a group

of scores has two modes, the curve has two high points and
is called bimodal. Some distributions of scores may have
more than two modes, producing a curve with more than two
high points. A curve in which the scores are clustered at one
end is skewed. Skewed curves will be described in greater
detail later in this chapter.

N ARE YOU ABLE TO DO THE FOLLOWING?

m Describe a normal distribution and four curves for distri-
butions that are not normal?

Analysis of Ungrouped Data

Imagine that you have given a volleyball knowledge test
to a group of 30 seventh-grade students, and you want
to have a better understanding of the test results as well as
interpret the scores to the students. With the aid of an in-
expensive calculator, you can fulfill both of those objec-
tives. This portion of the chapter shows you how to use
descriptive statistics to analyze and interpret the volleyball

Describing and Presenting a Distribution of Scores 9



knowledge test scores as well as other ungrouped data. A
test with high scores has intentionally been selected as an
example to demonstrate that the procedures are not diffi-
cult. Tables 2.2, 2.3, and 2.4 report the results of the vol-
leyball knowledge test analysis.

TABLE 2.2 Rank of Volleyball Knowledge Test Scores

Rank Score
1 96
2 95
3 93
4 7] 4.5 92
5 _| 92
6 7] 91

_ 6.5 91
8 7] 90
9 9 90

10 _ 90

11 7] 89

12 12 89

13 _ 89

14 7] 88

15 88

16 16 88

17 88

18 _| 88

19 7] 87

20 20 87

21 _| 87

22 7] 86

23 _| 22.5 86

24 7] 85

25 _| 24.5 85

26 7] 84

27 _| 26.5 84

28 83

29 82

30 81
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= Descriptive statistics are measures used to deter-
mine the current status of scores and/or to de-
scribe and summarize a set of data. No treatments
are administered, and no generalizations are
made about other groups or a larger population.

= A classic example for the use of descriptive statis-
tics is in the school environment. However, de-
scriptive statistics are used in most if not all
professions. They can provide valuable informa-
tion regarding the performance or status of a
group.

Score Rank

Although you can perform statistical analysis without
putting the scores in rank order, you may first want to
carry out this procedure, which provides you with infor-
mation about each person’s rank in the score distribution.
Be careful how you use the rank of scores. Sometimes, all
the scores will be above what you consider a satisfactory
score. Because someone has to be at the bottom when
scores are ranked, you may not want to share this infor-
mation with the group. Do not create alarm or embarrass-
ment when there is no need. Table 2.2 shows the ranking
of the thirty volleyball knowledge test scores. The steps
for ranking the scores are as follows:

1. List the scores in descending order.

2. Number the scores. The highest score is number 1,
and the last score is the number of the total number of
scores. (Table 2.2 has thirty scores, so the last score is
number 30.)

3. Because identical scores should have the same rank,
average the rank, or determine the midpoint, and as-
sign them the same rank.

Measures of Central Tendency

Measures of central tendency are descriptive statistics
that describe the middle characteristics of a distribution of
scores. The most widely used statistics, they represent



TABLE 2.3 Measures of Central Tendency and Variability and Percentiles (Deciles) Computed from Ungrouped Volleyball Knowledge
Test Scores (N = 30)

Score X2 cf Percentile
96 9,216 30
95 9,025 29
93 8,649 28
92 8,464 27 90
92 8,464 26
91 8,281 25
91 8,281 24 80
90 8,100 23
90 8,100 22
90 8,100 21 70
89 7,921 20
89 7,921 19
89 7,921 18 60
88 7,744 17
88 7,744 16
88 7,744 15 50
88 7,744 14
88 7,744 13
87 7,569 12 40
87 7,569 11
87 7,569 10
86 7,396 9 30
86 7,396 8
85 7,225 7
85 7,225 6 20
84 7,056 5
84 7,056 4
83 6,889 3 10
82 6,724 2
81 6,561 1
X = 2,644 YX? = 233,398
R=96-81=15
_ Q, -Q _
X=&=%=88.1 Q== 1 _90-885 505
N 30 2 2
NEX? - (2X)? 30(233,398) - (2,644)
P,, = 88 s = =
NN —1) 3030 -1)
Mo = 88 s=3.6

"



TABLE 2.4 Standard Deviation Computed from Volleyball Knowledge Test Scores, Deviations, and Squared Deviations (N = 30)

Score d d Score d d

96 7.9 62.41 88 -0.1 0.01
95 6.9 47.61 87 =11 1.21
93 4.9 24.01 87 -1.1 1.21
92 3.9 15.21 87 =11 1.21
92 3.9 15.21 86 2.1 4.41
91 2.9 8.41 86 -2.1 4.41
91 2.9 8.41 85 -3.1 9.61
90 1.9 3.61 85 -3.1 9.61
90 1.9 3.61 84 4.1 16.81
90 1.9 3.61 84 -4.1 16.81
89 0.9 0.81 83 -5.1 26.01
89 0.9 0.81 82 6.1 37.21
89 0.9 0.81 81 7.1 50.41
88 -0.1 0.01 ¥X = 2,644 ¥d® = 373.50
88 -0.1 0.01
88 -0.1 0.01
88 -0.1 0.01

_ yd? = 3735

X =88.1

2
°= NZ ci1 - @ =38
scores in a distribution around which other scores seem to scores and dividing by the total number of scores. The fol-
center. Measures of central tendency are the mean, me- lowing are some important characteristics of the mean:

dian, and mode. . .
1. It is the most sensitive of all the measures of central

tendency. It will always reflect any change within a
The Mean distribution of scores.
With any test, the first question usually asked by the stu-
dents upon knowing their individual score is “What is the
class average?” The mean, the most generally used meas-
ure of central tendency, is the arithmetic average of a dis- 3. It considers all information about the data and is used
tribution of scores. It is calculated by summing all the to perform other important statistical calculations.

2. It is the most appropriate measure of central tendency
to use for ratio data and may be used on interval data.
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4. It is influenced by extreme scores, especially if the
distribution is small. For example, when one or more
scores are high in relation to the other scores, the
mean is pulled in that direction. This characteristic is
the chief disadvantage of the mean.

The symbols used to calculate the mean and other sta-
tistics are as follows:

X = the mean (called X-bar)
3, (Greek letter sigma) = “the sum of ”
X = individual score

N = the total number of scores in a distribution

The formula for calculating the mean is

g=2X
N

Simply, to calculate the mean, you add all the scores in
a distribution and divide by the number of scores you
have. The calculation of X from the distribution in
table 2.3 is

)‘(:ﬂzggl
30

You probably would report the scores to the students in
whole numbers, so you should round the mean to 88.

I ARE YOU ABLE TO DO THE FOLLOWING?
= Define the term measures of central tendency?

= |dentify the symbol for the mean?

= Define the mean?

= Describe the characteristics of the mean?

= (Calculate the mean with ungrouped data and use it to in-
terpret the data?

The Median

The median is the score that represents the exact middle
in the distribution. It is the fiftieth percentile, the score
that 50% of the scores are above and 50% of the scores are
below. The following are some important characteristics
of the median:

1. It is not affected by extreme scores; it is a more rep-
resentative measure of central tendency than the
mean when extreme scores are in the distribution. As
an example, consider the height of five individuals. If
the heights are 717, 72”, 73”7, 74”, and 75”, the mean
height of the five people is 73”, and the median
height is 73”. Now imagine that we exchange the
individual who is 75” in height for an individual who
is 85” in height. The mean is now 75”, but the median
remains at 73”.

2. It is a measure of position; it is determined by the
number of scores and their rank order. It is appropri-
ately used on ordinal or interval data.

3. It is not used for additional statistical calculations.

The median may be represented by Mdn or Ps,. The
steps for calculation of Ps, are as follows:

1. Arrange the scores in ascending or descending order.
2. Multiply N by .50 to find 50% of the distribution.

3. If the number of scores is odd, Ps, is the middle score
of the distribution.

4. If the number of scores is even, Ps is the arithmetic
average of the two middle scores of the distribution.

The calculation of P, from the distribution in table 2.3
is as follows:

1. .50(30) = 15

2. The fifteenth and sixteenth scores (middle scores of
distribution) are 88.

3. Py, = 88

Because you will be using this same procedure to cal-
culate any percentile, you may want to place a cumulative
frequency (cf) column with the ordered listing of scores.
The cumulative frequency is an accumulation of frequen-
cies beginning with the bottom score. In the cf column,
the highest score will have the same number as N.

BN ARE YOU ABLE TO DO THE FOLLOWING?
= |dentify the symbol for the median?

»  Define the median?
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= Describe the characteristics of the median?

= (Calculate the median with ungrouped data and use it to
interpret the data?

The Mode

The mode is the score that occurs most frequently. In a
normal distribution, the mode is representative of the
middle scores. In some distributions, however, the mode
may be an extreme score. If a distribution has two
modes, it is bimodal, and it is possible for a distribution
to be multimodal or to have no mode at all. Because no
symbol is used to represent the mode, Mo is sometimes
used. Some characteristics of the mode are as follows:

1. It is the least used measure of central tendency. It
indicates the score attained by the largest number of
subjects. It also is used to indicate such things as
the most popular item or product used by a group.

2. It is not used for additional statistical calculations.

3. Itis not affected by extreme scores, the total number
of scores, or their distance from the center of the dis-
tribution.

The mode of the distribution in table 2.3 is 88.

I ARE YOU ABLE TO DO THE FOLLOWING?
m  Define the mode?

= Describe the characteristics of the mode?

m (Calculate the mode with ungrouped data and use it to in-
terpret the data?

Which Measure of Central Tendency
Is Best for Interpretation of Test Results?

You have studied the definitions of the three measures of
central tendency, calculation procedures, and some char-
acteristics of each. Do you know which of the three is best
for interpreting test results to any group that you might be
testing? In making your decision, you should consider the
following:

1. The mean, median, and mode are the same for a nor-
mal distribution (symmetrical curve), but you often
will not have a normal curve.

2. The farther away from the mean and median the
mode is, the less normal the distribution (i.e., the
curve is skewed). Figure 2.3 shows the relationship
of these measures to a symmetrical curve, a posi-
tively skewed curve, and a negatively skewed curve.
In a positively skewed curve the scores are clustered
at the lower end of the scale; the longer tail of the
curve is to the right, and the mean is higher than the
median. In a negatively skewed curve the scores are
clustered at the upper end of the scale; the longer tail
of the curve is to the left, and the mean is lower than
the median. An extremely difficult test, on which
most of the scores are low but a few high scores in-
crease the mean, often results in a positively skewed
curve. An easy test, on which most of the scores are
high but a few low scores decrease the mean, usually
results in a negatively skewed curve.

3. The mean and median are both useful measures. If
the curve is badly skewed with extreme scores, you
may want to use only the median. You must decide
how important the extreme scores are. If the curve is
approximately normal, use the mean and median.

X Mode Py X

(@) Mose (b)

X Py, Mode

(c)

FIGURE 23 (a) Normal curve, (b) positively skewed curve, and (c) negatively skewed curve.
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is $30,000. What does this mean to you?

» + «  POINT OF Y031 AN NI

= Although the mean is considered the most reliable measure of central tendency and
is also used for other statistical calculations, the following is an example of an impor-
tant use of the median. Suppose that upon your graduation you apply for a job with a
small company. The company employs 30 people. You are told that the average salary
is $50,000. You ask, “What is the median salary?” You are told that the median salary

4. In most testing, the mean is the most reliable and use-
ful measure of central tendency. It also is used in
many other statistical procedures.

N ARE YOU ABLE TO DO THE FOLLOWING?

= Use the three measures of central tendency to interpret
test results to a group?

Measures of Variability

You now are prepared to use the mean, median, and mode
to interpret data in relation to a central grouping of scores.
However, to provide a more meaningful interpretation
you also need to know how the scores spread, or scatter.
For example, it is possible for two classes to have the
same mean on a skills test, but the spread of the scores can
be entirely different. To illustrate this point, consider the
following two sets of scores:

X =183
X=283

Group A: 80, 82, 83, 84, 86
Group B: 65, 75, 90, 90, 95

Both groups have a mean of 83, but the spreads of the
scores are very different. The spread, or scatter, of scores
is referred to as variability. The terms dispersion and
deviation are often used to refer to variability. When
groups of scores are compared, measures of variability
should be considered as well as measures of central ten-
dency. By knowing the measures of variability, you can
determine the amount that the scores spread, or deviate,
from the measures of central tendency. The measures of
variability are the range, quartile deviation, and standard
deviation.

The Range

The range is determined by subtracting the lowest score
from the highest score. It is the easiest measure of vari-
ability to compute, but because it represents only the ex-
treme scores and provides no distribution information, it
is also the least useful. Two groups of data may have the
same range but have very different distributions. Consider
the following scores:

Group A: 97, 95, 89, 87, 86, 85, 83, 80, 75, 72
Group B: 81, 77,75, 73,70, 68, 64, 61, 58, 56

Both groups have a range of 25, but the distributions are
not similar. It is possible for you to have completely dif-
ferent distributions when you administer the same knowl-
edge or physical performance test to different groups.
Some characteristics of the range are as follows:

1. It is dependent on the two extreme scores.

2. Because it indicates nothing about the variability of
the scores between the two extreme scores, it is the
least useful measure of variability.

The formula for determining the range (R) is
R = High score — Low score
You may see this formula also:
R=H, - L,

The range for the distribution in table 2.3 is R = 96 —
81 = 15.

I ARE YOU ABLE TO DO THE FOLLOWING?
= Define the term measures of variability?

= |dentify the letter used to represent the range?
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*

measures of central tendency.

= Measures of variability will increase or decrease in size as the spread of the distribu-

tion of scores increases or decreases.

= |fagroup is similar in ability, the variability of the group usually will be small. If a
group includes a wide range of ability, the variability usually will be high.

= |n professional and research journals, the standard deviation of a group of scores

usually is reported immediately after the mean.

s N EVIPHASLS - - -

= Measures of variability are descriptive statistics, and they are reported with the

Define the range?
Describe the characteristics of the range?

Calculate the range with ungrouped data and use it to in-
terpret the data?

The Quartile Deviation

Sometimes called the semi-quartile range, the quartile
deviation is the spread of the middle 50% of the scores
around the median. The quartile deviation is not reported of-
ten, but it is of value if the distribution is on the ordinal scale.
The extreme scores will not affect the quartile deviation;
thus, it is more stable than the range. Much like the other
measures of variability, the quartile deviation is useful when
comparing groups. Additionally, to determine the quartile
deviation, the twenty-fifth and seventy-fifth percentiles
must be calculated. These values will help you determine if
the distribution is symmetrical about the median within the
quartile deviation.

The following are some characteristics of the quartile

deviation:

1.

16

It uses the seventy-fifth percentile and twenty-fifth
percentile to determine the deviation. The difference
between these two percentiles is referred to as the in-
terquartile range.

. It indicates the amount that needs to be added to, and

subtracted from, the median to include the middle
50% of the scores.

Chapter 2

3. It usually is not used in additional statistical calcula-

tions. The symbols used to calculate the quartile devi-
ation are

Q = quartile deviation

Q, = twenty-fifth percentile or first quartile (P,5 may
be used also) = score in which 25% of the scores are
below and 75% of the scores are above

Q; = seventy-fifth percentile, or third quartile (P;5
may be used also) = score in which 75% of the
scores are below and 25% of the scores are above

The steps for calculation of Q; are as follows:

. Arrange the scores in ascending order.
. Multiply N by .75 to find 75% of the distribution.

. Count up from the bottom score to the number

determined in step 2. Approximation and interpola-
tion may be required to calculate Q; and Q,; as well
as other percentiles. Interpolation is necessary in
the calculation of Q, from the distribution in

table 2.3.

The steps for calculation of Q, are as follows:

. Multiply N by .25 to find 25% of the

distribution.

. Again count up from the bottom score to the number

determined in step 1.



To calculate Q, substitute the values in the formula

_ Q3 - Ql
Q 2
The calculation of Q from the distribution in table 2.3

is as follows:

1. .75(30) = 22.5
The twenty-second score from the bottom is 90, and
the twenty-third score is 90. Midway between these
two scores would be the same score, so the score of 90
is at the 75%.

2. .25(30) =175
The seventh score from the bottom is 85, and the
eighth score is 86. Since 7.5 is midway between these
two scores, the score of 85.5 is at the 25%. Calculat-
ing the average of 85 and 86 would serve the same
purpose.
3. Q- 90-85.5 2222.25
2 2
Now what does 2.25 mean? Remember we said that
the quartile deviation is used with the median. So now
add 2.25 to 88 (the median in table 2.3) and subtract 2.25
from 88.

88 + 2.25 =90.25
88 —2.25=285.75

Theoretically, the middle 50% of the scores in the dis-
tribution should fall between the values 85.75 and
90.25. With thirty scores there should be fifteen scores
between 85.75 and 90.25, but you will discover that six-
teen scores fall between these two values. The differ-
ence is explained by the fact that the distribution in
table 2.3 does not fulfill all requirements of normalcy.
However, it is similar enough to use Q for interpretation
purposes. Most of the test distributions you will use in
your professional responsibilities will be similar
enough to normalcy.

N ARE YOU ABLE TO DO THE FOLLOWING?
= |dentify the symbol for the quartile deviation?

= Define the quartile deviation?

= Describe the characteristics of the quartile deviation?

= Calculate the quartile deviation with ungrouped data and
use it to interpret the data?

The Standard Deviation

The standard deviation is the most useful and sophisti-
cated measure of variability. It describes the scatter of
scores around the mean. The standard deviation is a more
stable measure of variability than the range or quartile de-
viation because it depends on the weight of each score in
the distribution.

The lowercase Greek letter sigma (o) is used to indi-
cate the standard deviation of a population, and the letter
s is used to indicate the standard deviation of a sample.
Because you generally will be working with small groups
(or samples), the formula for determining the standard de-
viation will include (N — 1) rather than N. This adjust-
ment produces a standard deviation that is closer to the
population standard deviation.

Some characteristics of the standard deviation are as
follows:

1. It is the square root of the variance, which is the aver-
age of the squared deviations from the mean. The
variance is used in other statistical procedures. The
population variance is represented as ¢ and the
sample variance is represented as s°.

2. Itis applicable to interval and ratio level data, includes
all scores, and is the most reliable measure of variability.

3. It is used with the mean. In a normal distribution, one
standard deviation added to the mean and one stan-
dard deviation subtracted from the mean include the
middle 68.26% of the scores.

4. With most data, a relatively small standard deviation
indicates that the group being tested has little vari-
ability; it has performed homogeneously. A relatively
large standard deviation indicates the group has much
variability; it has performed heterogeneously.

5. Itis used to perform other statistical calculations. The
standard deviation is especially important for com-
paring differences between means. Techniques for
making these comparisons will be presented later in
this chapter.
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The symbols used to determine the standard deviation
are as follows:

s = standard deviation

X = mean

3 = sum of

d = deviation score (X — X)
X = individual score

N = number of scores

Two methods for determining the standard deviation
will be presented. The first method requires only the use
of the individual scores and a calculator that can compute
the square root of a number. The second method requires
the use of the squared deviations. The two methods obtain
the same results.

Calculation with 3X*
1. Arrange the scores into a series.
2. Find 2X.
3. Square each of the scores and add to determine the 3.X°.
4. Insert the values into the formula
- NIX? — (ZX)?
N(N-1)

The calculation of s from the distribution in table 2.3 is

as follows:

1. Scores are in a series.
2. XX = 2,644
3. 3X* = 233,398

4. ‘- 30(233,398) — (2,644)°
30030 — 1)

~ J7,001,940 ~ 6,990,736

30(29)

s=3.6
18 Chapter 2

Calculation with >.d°
1. Arrange the scores into a series.
2. Calculate X.
3. Determine d and d? for each score; then calculate Sd2
4. Insert the values into the formula
_ [z

TAVN-1

The calculation of s from the distribution in table 2.4 is
as follows:

1. Scores are in a series.

2. X =881
3. 3d*> = 3735
4. _ [373.5
30-1
(3735
29
=./12.8793
$s=3.6

Note: The s value should be the same value as found in the
3 X* method, but owing to the rounding off of X, there is
a slight difference.

To determine the middle 68.26% of the scores, you
now add 3.6 to X and subtract 3.6 from X.

X +3.6=88.1+36=0917
X —3.6=288.1—3.6=2845

If the distribution were normal, the middle 68.26% of the
scores would be between the values 84.5 and 91.7.

Because each score must be subtracted from the mean,
and the mean is often not a whole number, this method
can be time-consuming.

Relationship of Standard Deviation and Normal Curve

The use of the standard deviation has more meaning when
it is related to the normal curve. On the basis of the prob-
ability of a normal distribution, there is an exact relation-
ship between the standard deviation and the proportion of
area and scores under the curve. The standard deviation



marks off points along the base of the curve. An equal per-
centage of the curve will be found between the mean plus
one standard deviation and the mean minus one standard
deviation. The same is true for plus and minus 2.0 or 3.0
standard deviations.

The following observations can be made about the
standard deviation and the areas under a normal curve:

1. 68.26% of the scores will fall between +1.0 and
—1.0 standard deviations.

2. 95.44% of the scores will fall between +2.0 and
—2.0 standard deviations.

3. 99.73% of the scores will fall between +3.0 and
—3.0 standard deviations. Generally, scores will not
exceed +3.0 and —3.0 standard deviations from the
mean. Figure 2.4 shows these observations.

The relationship of the standard deviation and the nor-
mal curve provides you a meaningful and consistent way
to compare the performance of different groups using the
same test and to compare the performance of one individ-
ual with the group. In addition, by knowing the value of
the mean and of the standard deviation, you can express
the percentile rank of the scores. To illustrate how these
procedures can be done, consider the following example.

As part of a physical fitness test, a fitness instructor
administered a 60-second sit-up test to two fitness classes.
She found the mean and the standard deviation for each
class to be as follows:

Class 1 Class 2
X=132 X =128
s=2 s=4

Figure 2.5 compares the spread of the two distribu-
tions. The spread of scores in class 1 (=3 standard de-
viations from the mean) is much less than the spread of
scores for class 2. Class 1 is more homogeneous.

Now consider individual A in class 1, who completed
thirty-four sit-ups, and individual B in class 2, who also
completed thirty-four sit-ups. Though the two individuals
have the same score, figure 2.6 shows that they do not
have the same relationship to their respective class means
and standard deviations. Individual A is 1 standard devia-
tion above the class 1 mean, and individual B is 1.5 stan-
dard deviations above the class 2 mean. Table 2.5 shows
that +1 standard deviation above the mean includes ap-
proximately 84% of the curve and that +1.5 standard de-
viations above the mean include approximately 93% of
the curve. Though the two scores are the same, they do not
have the same percentile score.
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Class 1 Class 2

TN AT

N

-3s -2s ~1s X +1s +2s +3s -3s -2s ~1s X +1s +2s +3s
26 28 30 32 34 36 38 16 20 24 28 32 36 40
FIGURE25 Comparison of X and s for sit-up test.
The steps for calculating the percentile rank through a negative value is found in step 1, the percentile rank
use of the mean and the standard deviation are as follows: will always be less than 50. If a positive value is
found in step 1, the percentile rank will always be
1. Calculate the deviation of the score from the mean: more than 50.

d=X-X)

2. Calculate the number of standard deviation units the EES ARE YOU ABLE TO DO THE FOLLOWING?

score is from the mean. Some textbooks refer to these [ ] |dentify the symb0| for the standard deviation?
units as z-scores. The use and interpretation of ) N
z-scores are described later in this chapter. = Define the standard deviation?

m Describe the characteristics of the standard deviation?

o . d
No. of standard deviation units from the mean = — L
S m (alculate the standard deviation with ungrouped data

. . and use it to interpret the data?
3. Use table 2.5 to determine where the percentile rank P

of the score is on the curve. On occasions it may be = Describe the normal curve?
necessary to approximate the percentile rank. Note: If

Class 1 Class 2
TN Individual A TN Individual B
Score 34 Score 34
X+1s X+15s
84% 93%
I
I
I
i
|
\\ I
I
-3s -2s ~1ls X +1s +2s +3s -3s -2s -1s X +1s +2s +3s
26 28 30 32 34 36 38 16 20 24 28 32 34 36 40

FIGURE2.6 Comparison of individual performances for sit-up test.
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TABLE 25 Percentile Scores Based on the Mean and Standard Deviation Units

x and s Units Percentile Rank T-score x and s Units Percentile Rank T-score
X + 3.0s 99.87 80 X -0.1s 46.02 49
X +2.09s 99.81 79 X —0.2s 42.07 48
X +2.8s 99.74 78 X —0.3s 38.21 47
X +2.7s 99.65 77 X —0.4s 34.46 46
X + 2.6s 99.563 76 X —0.5bs 30.85 45
X + 2.5s 99.38 75 X —0.6s 27.43 44
X + 2.4s 99.18 74 X -0.7s 24.20 43
X +2.3s 98.93 73 X —0.8s 21.19 42
X +2.2s 98.61 72 X —0.9s 18.41 41
X +2.1s 98.21 71 X —1.0s 15.87 40
X + 2.0s 97.72 70 X -1.1s 13.57 39
X + 1.9s 97.13 69 X —1.2s 11.51 38
X + 1.8s 96.41 68 X —1.3s 9.68 37
X +1.7s 95.54 67 X —1.4s 8.08 36
X + 1.6s 94.52 66 X —1.6s 6.68 35
X + 1.bs 93.32 65 X —1.6s 5.48 34
X + 1.4s 91.92 64 X —1.7s 4.46 33
X +1.3s 90.32 63 X —1.8s 3.59 32
X +1.2s 88.49 62 X —1.9s 2.87 31
X +1.1s 86.43 61 X —2.0s 2.28 30
X + 1.0s 84.13 60 X —-2.1s 1.79 29
X +0.9s 81.59 59 X —2.2s 1.39 28
X +0.8s 78.81 58 X —2.3s 1.07 27
X +0.7s 75.80 57 X —2.4s 0.82 26
X + 0.6s 72.57 56 X —2.5s 0.62 25
X + 0.5s 69.15 bb X —2.6s 0.47 24
X + 0.4s 65.54 b4 X —-2.7s 0.35 23
X +0.3s 61.79 53 X —2.8s 0.26 22
X +0.2s 57.93 52 X —2.9s 0.19 21
X +0.1s 53.98 51 X —3.0s 0.13 20
X + 0.0s 50.00 50

interpreting test results of a group you might be testing,
Which Measure of Variability Is Best you should consider the following:

i ?
for Interpretation of Test Results? 1. The range is the least reliable of the three, but it is

You have studied the definitions of the three measures of used when a fast method is needed. It does not take
variability, how to calculate them, and some characteris- into account all the scores and may not represent the
tics of each. In deciding which of the three is best for true variability of the scores.
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2. The quartile deviation is more meaningful than the
range, but it considers only the middle 50% of the
scores. Thus, it too is limited in its ability to represent
the true variability of the scores.

3. The standard deviation considers every score, is the
most reliable, and is the most commonly used mea-
sure of variability.

N ARE YOU ABLE TO DO THE FOLLOWING?

= Properly use the three measures of variability to inter-
pret test results to a group?

Percentiles and Percentile Ranks

Though you have learned to calculate percentiles and
percentile rank, it will be beneficial to discuss them in
greater detail. Percentile refers to a point in a distribu-
tion of scores below which a given percentage of the
scores fall. For example, the sixtieth percentile is the
point where 60% of the scores in a distribution are below
and 40% of the scores are above. To calculate a per-
centile, you first multiply N by the desired percentage.
You then determine the score that is at that percentile in
a distribution. In table 2.3 (page 11), the sixtieth per-
centile score is 8§9.

The percentile rank of a given score in a distribution
is the percentage of the total scores that fall below the
given score. A percentile rank, then, indicates the position
of a score in a distribution in percentage terms. Percentile
ranks are determined by beginning with the raw scores
and calculating the percentile ranks for the scores. In table
2.3, the score of 89 has a percentile rank of 60.

Although percentiles are of value for interpretation of
data, they do have weaknesses. The relative distances be-
tween percentile scores are the same, but the relative dis-
tances between the observed scores are not. Because
percentiles are based on the number of scores in a distri-
bution rather than on the size of the raw score obtained, it
is sometimes more difficult to increase a percentile score
at the ends of the scale than in the middle. The average
performers, whose raw scores are found in the middle of
the scale, need only a small change in their raw scores to
produce a large change in their percentile scores. How-
ever, the below-average and above-average performers,
whose raw scores are found at the ends of the scale, need
a large change in their raw scores to produce even a small
change in their percentile scores. This weakness is usually
found in all percentile scores.

If you do not remember how to calculate per-
centiles, you should refer to the sections on the median
and quartile deviation. In table 2.3 the percentile scale
is divided into deciles (ten equal parts). Deciles are
represented as D, (tenth percentile), D, (twentieth per-
centile), D; (thirtieth percentile), on up to Dy (ninetieth
percentile).

Frequency Distribution

Statistics software programs will group data into fre-
quency distributions. In such a distribution all scores are
listed in ascending or descending order, and the number
of times each individual score occurs is indicated in a fre-
quency column. The percentage of times that each score
occurs and the cumulative percentage (the percentage of
scores below a given score) are also presented. Table 2.6
shows the frequency distribution for 100 push-up scores.

after the administration of different tests.

++ «  POINT OF Y131 AN NI

= The difficulty in describing and analyzing data or test scores is not calculating the
statistics, but knowing why you wish to perform the calculations. You should know
the questions for which you are seeking answers. Descriptive statistics will enable
you to compare groups or compare the performances of members in the same group
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TABLE 2.6 Frequency Distribution of Push-Up Scores

Score Frequency Percent Cumulative Percent
27 1 1.0 1.0
28 1 1.0 2.0
29 1 1.0 3.0
30 2 2.0 5.0
31 3 3.0 8.0
32 3 3.0 11.0
33 4 4.0 15.0
34 3 3.0 18.0
35 5 5.0 23.0
36 6 6.0 29.0
37 6 6.0 35.0
38 5 5.0 40.0
39 6 6.0 46.0
40 8 8.0 54.0
41 6 6.0 60.0
42 6 6.0 66.0
43 7 7.0 73.0
44 6 6.0 79.0
45 5 5.0 84.0
46 4 4.0 88.0
47 4 4.0 92.0
438 3 3.0 95.0
49 2 2.0 97.0
50 2 20 99.0
51 1 1.0 100.0

100

I ARE YOU ABLE TO DO THE FOLLOWING?
= |dentify the symbols for percentiles, quartiles, and deciles?
= Define percentile and percentile rank?

= (Calculate percentiles and use them to interpret the data?

Graphs

Data are often presented in graphic form. Well-prepared
graphs enable individuals to interpret data without reading
the raw data or tables. SPSS and other computer programs
can create column, bar, line, pie, area, and other types of

graphs. In your future professional responsibilities, you
may be asked to provide reports that include much data.
If you have the opportunity to develop the knowledge
and skill needed to use such computer programs, you
should do so.

Figure 2.7 is a histogram (bar graph) of 75 tennis serve
scores. For graphing purposes, computer programs will
group a large number of scores into groups and plot the
midpoint of each group. In figure 2.7, there may be three
possible scores in each interval. In the first interval, the
score of 49 represents the midpoint of scores 48—50. The
frequency column shows that one score occurred in this in-
terval. The next interval is 51-53, and two scores occurred
in this interval. The highest number of scores, 10, occurred
in the interval 72-74. Figure 2.8 is a frequency polygon
(line graph) of the same scores. With these graphs, it is easy
to observe the frequency of the serve scores.

Figures 2.9 and 2.10 are a pie chart and a bar chart, re-
spectively, of causes of deaths in the year 2005. These
charts show the percentage of each type of death in rela-
tion to all deaths. Each chart enables the reader to inter-
pret the data quickly.

Standard Scores

After collecting scores for different performances, you may
want to combine or compare scores; but because the scores
have no similarities, you cannot perform these functions.
For example, suppose you are teaching a physical fitness
unit to a high school class, and at the conclusion of the unit
you administer a 1-minute sit-up test, the sit and reach test,
a 2-mile run, and a physical fitness knowledge test. How do
you average the scores of the four tests? You certainly can-
not add the scores and divide by four. How do you compare
a student’s performance on the sit-up test with her perform-
ance on the 2-mile run? You cannot tell her that forty sit-ups
is a better score than a time of 15:10—unless you have a
procedure to convert the raw scores into standard scores.
The conversion of unlike raw scores to standard scores en-
ables you to compare different types of scoring. Procedures
to make such conversions follow.

z-Scores

A z-score represents the number of standard deviations
by which a raw score deviates from the mean. After calcu-
lation of the mean and standard deviation of a distribution,
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it is possible to determine the z-score for any raw score in
the distribution through the use of this formula:

X -X
S

7 =

Consider the example of the 75 tennis serve scores repre-
sented in figures 2.7 and 2.8. The actual scores are as follows:

88 837581 56 8286 6287 799358616175
73944879 72 81 855273 628073846361
67 637573677273727773 8582705758
547968 547077 81 68 83 6577905275 62
84 69 56 68 69 63 70 91 70 80 65 70 88 72 63

—
(@]

_ ]

For these scores, X=72.05 and s = 10.79. To convert
the tennis serve scores into z-scores, you substitute each
individual score in the formula. For the scores of 88 and
54, the z-scores would be

_88-72.1 _ 54—72.1
T 108 7T 108
()_( and s are rounded
_159 _ ~18.1 45 one decimal place)
10.8 10.8
z =147 z=—1.68

FIGURE 2.7 Histogram of tennis serve scores made
by 75 students.
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FIGURE28 Frequency polygon of tennis serve
scores made by 75 students.
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Heart disease
27%

Respiratory
diseases
5%

FIGURE 29 Pie chart of causes of death in 2005.

How are these z-scores interpreted? The z-scale has a
mean of 0 and a standard deviation of 1, and it normally
extends from —3 to +3 (plus and minus 3 standard devi-
ations from the mean include 99.73% of the scores).
In observing figure 2.11, you see that a z-score of 1.47 is
approximately 1.5 standard deviations above the mean,
and a z-score of —1.68 is more than 1.5 standard devia-
tions below the mean. Knowing the relationship of the
standard deviation and the normal curve, we can state
that 1.47 is an excellent z-score and —1.68 is a poor
z-score. Also, by referring to table 2.5 (page 21), we see

Heart disease

Cancer

Stroke

Respiratory
diseases

Other

0 10 20 30 40

FIGURE 210 Bar graph of causes of death in 2005.

that 1.5 standard deviations above the mean has a per-
centile rank of 93, and 1.7 deviations below the mean has
a percentile rank of 4.

If other tennis skills tests (e.g., forehand, backhand,
and lob tests) had been administered to the same 75 test
takers, all scores could be converted to z-scores and aver-
aged for one tennis skill score. Also, each individual’s
z-score for the four tests could be compared, and the
strongest and weakest skills of each individual determined.

All standard scores are based on the z-score. Because
z-scores are expressed in small numbers, involve deci-
mals, and may be positive or negative, many testers do not
use them.

T-Scores

The T-scale has a mean of 50 and a standard deviation of
10. T-scores may extend from O to 100, but it is unlikely
that any T-score would be below 20 or above 80, since this

mula is modified as follows:

X —X
Z:
S

Sl b I\ B EVIPHASIS - - -

= With most performances, z-scores increase as the performance score increases. For
some events and measurements, however, a smaller score may be desirable (e.g.,
timed events and heart rate). When a low score is the better score, the z-score for-
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—bs —4s ~3s -2s -1s X +1s
z-scores -3 -2 -1 0 +1
T-scores O 10 20 30 40 50 60
FIGURE 211 z-scores and T-scores plotted on a normal curve.

range includes plus and minus 3 standard deviations.
Figure 2.11 shows the relationship of z-scores, T-scores,
and the normal curve. The z-score is part of the formula for
conversion of raw scores into T-scores. The formula is

(X-X)
T-score=50+10| ——= [=50+10z
S

Again, consider the scores of 88 and 54 for the tennis
serve test. The T-scores are

T = 50 + 10(1.47)  Tsy = 50 + 10(—1.68)
=50 + 147 =50 + (—16.8)
T = 64.7 = 65 Ty, = 332 = 33

Note: T-scores are reported as whole numbers.

T-scores may be used in the same way as z-scores.
However, because only positive whole numbers are re-
ported and the range is 0 to 100, the T-scale is easier to in-
terpret. However, it is sometimes confusing to the

+2s
+2
70

+3s +4s +5s
+3
80 90 100

individuals being tested when they are told that a T-score of
60 or above is a good score. If you use T-scores, you should
be prepared to fully explain their meanings. Table 2.5 (page
21) shows the relationship of the mean and standard devi-
ation, percentile rank, and T-scores.

You may prefer to convert the raw scores in a distribu-
tion to T-scores through the following procedure:

1. Number a column of T-scores from 20 to 80.

2. Place the mean of the distribution of the scores oppo-
site the T-score of 50.

3. Divide the standard deviation of the distribution by 10.
The standard deviation for the T-scale is 10, so each
T-score from O to 100 is one-tenth of the standard
deviation.

4. Add the value found in step 3 to the mean and
each subsequent number until you reach the T-score
of 80.

able. For such events, the formula is as follows:

T-score =50+ 10 [%J

+ + « POINT OF L1351 iN MK

= As with z-scores, the T-score formula should be modified when a low score is desir-
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5. Subtract the value found in step 3 from the mean and
each decreasing number until you reach the number 20.

6. Round off the scores to the nearest whole number.

Note: If a low score is better than a high score, subtract
the T-values toward 80 and add the values toward 20.
Table 2.7 shows the conversion of the 75 tennis serve scores
to T-scores. For illustration purposes, only the T-scores 40 to
60 are included in the table. The value found in dividing the
standard deviation by 10 (1.079) is rounded to 1.1.

TABLE 2.7 Conversion of Tennis Serve Scores to T-Scores

T-Score Observed Score
60 83.1 =83
59 82.0 =82
58 80.9 = 81
57 79.8 =80
56 78.7=79
55 776 =78
54 76.5 =77
53 754 =75
52 743 =74
51 73.2=73
50 721 =72
49 71.0=71
48 69.9 =70
47 68.8 = 69
46 67.7 = 68
45 66.6 = 67
44 65.5 = 66
43 64.4 = 64
42 63.3 =63
41 62.2 =62
40 61.1 =61

X =721
s=10.79

S [value added to and | _ 10.79 _ _
10{Subtracted from X ] T =1.079=1.1

Percentiles

Percentile scores are also standard scores and may be used
to compare scores of different measurements. Because
they change at different rates (remember the comparison
of low and high percentile scores with middle per-
centiles), they should not be averaged to determine one
score for several different tests. For this reason, you may
prefer to use the T-scale when converting raw scores to
standard scores. The calculation of percentiles was previ-
ously described, so it will not be described here.

Statistics Software

Numerous statistics software programs—varying in cost,
statistical procedures, computer requirements, and ease of
use—may be purchased. In addition, student versions of
many of these programs are available. Statistical Package
for Social Science (SPSS) is one such program. It can be
used to perform the statistical procedures presented in this
chapter and chapters 3 and 4. Microsoft Excel also may be
used to perform the descriptive statistics presented in this
chapter. Additionally, Microsoft Excel provides supplemen-
tal statistical software programs that are used with the Excel
spreadsheet to perform more complex statistical procedures.

You should become familiar with a statistical software
program during your college experience. Use of the mi-
crocomputer and statistics software will significantly re-
duce the time needed to perform statistical procedures,
and you will feel more confident in the results of your
work than if you perform the calculations yourself. The
use of statistics software will be especially helpful in re-
gard to the statistics presented in chapters 3 and 4. An-
other reason for developing the ability to use statistics
software is that potential employers may expect you to
have this skill.

Information about statistics programs is available in
campus computing centers or bookstores and from com-
puter software retailers. In addition, most statistics soft-
ware producers have a Web home page.

N ARE YOU ABLE TO DO THE FOLLOWING?
= Describe the purposes of standard scores?

= Convert raw scores into z-scores and T-scores and in-
terpret them?
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Review Problems

1. Mrs. Block completed the volleyball unit with her
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2 ninth-grade classes by administering the same
volleyball skills test to both classes. One of the
test items was the volleyball serve. Calculate the
range, X, Psy, mode, Q, s, and deciles for the two
groups of scores. Were the performances of the
classes different in any way? Was one class more
homogeneous?

Class A

42,50, 57, 45, 56, 69, 45, 43, 46, 51, 61, 55, 40,
47,59, 47, 46, 30, 48, 53, 40, 40, 64, 48, 41

Class B

51,43,43,37, 33,53, 44, 44, 38, 34, 37, 51, 20,
24, 39, 34, 38, 50, 10, 37, 39, 27, 25, 29, 23

. Prior to working with a group of twenty adults, ages

forty to forty-nine, Mr. Fitness administered a sit

and reach test (flexibility of lower back and posterior
thighs). After a six-week flexibility program,

Mr. Fitness tested the group again. Compare the
medians, means, quartile deviations, and standard
deviations of the two test administrations. Did the
flexibility of the group change? If so, describe the
changes.

Test Administration 1

10,9, 11,9, 10, 11, 12, 8,9, 10, 8, 7, 9, 8, 10, 10, 7,
9,11,9

Which scales of measurement include how much the
variables differ from each other? (page 7)

Which scale of measurement has a true zero point?
(page 7)

If you ask other students to name their major, which
scale of measure are you using? (page 6)

What are the four characteristics of a normal distri-
bution? (page 9)

Chapter 2

Test Administration 2

12, 11, 13, 11, 11, 14, 12, 12, 14, 12, 11, 11, 13, 12,
13, 14, 10, 11, 14, 12

. Calculate the X and s for these 2-minute sit-up test

SCOres:

42,41, 53, 60, 84, 49, 57, 65, 61, 48, 33, 57, 55, 50,
65, 54, 55, 57, 65, 45, 58, 54, 52, 40, 55

. Given the following information, use the normal

curve and determine the percentile rank for the three
observed scores:

X =33
s=2
X,= 36
X,=129
X;=32

. Mr. Bird administered a badminton clear test to sixty

students. Determine the mean and standard devia-
tion, and convert the scores into T-scores. The scores
are as follows:

7475 64 86 73 7475 70 69 67

8078 61 81 77 78 65 65 70 69

8584 8362 847475816674

63 7377 64 66 72 80 77 80 70

6669 72836967 73727575

7067 6573737272737473

. If you administered a performance test to a homoge-

neous group, what type of distribution curve proba-
bly would result? What curve probably would result
if you administered the same test to a heterogeneous

group? (page 9)

. What information is provided when you rank the

scores in a distribution? (page 10)

. What information do measures of central tendency

provide about a distribution of scores? (page 10)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. What is the average score in a distribution?

(page 12)

. What score represents the exact middle in a distribu-

tion? (page 13)

With the scores 3, 6,9, 12, and 15, what are the mean
and median values? If the score of 15 is changed to a
score of 18, what are the mean and median values?
Why will the median value be the same for both
distributions? (pages 12—13)

What do the symbols X, X, 3, N, and Ps, represent?
(pages 13)

What is the most frequently occurring score in a
distribution? (page 14)

Which measure of central tendency is not influenced
by extreme scores? (page 13)

What can be said about the values of the mean, me-
dian, and mode in a normal distribution? (page 14)

In what type of distribution is the mean lower than
the median? When would the mean be higher than
the median? (page 14)

Which way is the tail of the curve pointed if a distri-
bution of scores produces a negatively skewed
curve? In a negatively skewed distribution, is the
mean or median a higher value? If this type of curve
is produced after the administration of a test, what
can you say about the test? (page 14)

What information do the measures of variability
provide about a distribution of scores? (page 15)

What do the symbols Q, Q;, Q,, Qs, d, and s repre-
sent? (pages 16—18)

What is the weakness of the range measurement?
(page 21)

With which measure of central tendency is the quar-
tile deviation used? Which percentage of scores is
included in the quartile deviation? (page 16)

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

With which measure of central tendency is the stan-
dard deviation used? (page 17)

In a normal distribution, what percentage of the
curve is found between the mean plus and minus one
standard deviation, between the mean plus and mi-
nus two standard deviations, and the mean plus and
minus three standard deviations? (page 19)

In a distribution of scores, the X = 30 and the s = 2.
What percentage of the scores is found between the
scores 28 and 32? What percentage is found between
the scores 26 and 347 (page 19)

If two different groups are administered the same
physical performance test, what can you say about
the group that has the largest standard deviation?

(page 17)

Which measure of variability is the most reliable
and most commonly used? (page 22)

What does it mean if someone’s test score is at the
seventy-fifth percentile? (page 22)

If your score for a test is one standard deviation
above the mean, what is your percentile rank?
(pages 19-21)

What is the purpose of standard scores? (page 23)

With a z-scale, what is the value of the mean score?
How many standard deviations above the mean is a
z-score of 1? What is the percentile rank of a z-score
of 1? (page 25)

With a T-scale, what is the value of the mean score?
Suppose you score one and one-half standard devia-
tions above the mean on a test. What would be your
T-score? (pages 25-26)

Normally, what are the highest and lowest z-scores
and T-scores that will occur? Why? (pages 25-26)
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Investigating the Relationship
between Scores

In chapter 2, we dis-
cussed descriptive sta-

After completing this chapter, you should be able to

1. Define correlation and linear correlation, interpret the correlation coefficient (statistical
significance and coefficient of determination), and use the Spearman rank-difference and
Pearson product-moment methods to determine the relationship between two variables.

2. Construct a scattergram and interpret it.

tistics. Although it is
important that you have
the skills to use these statistics, your professional respon-
sibilities will require that you be knowledgeable about
other statistical procedures. You also should be able to
demonstrate the relationship of scores. Skills in this pro-
cedure will enable you to better interpret professional lit-
erature and to conduct beneficial research.

Linear Correlation

Correlation is a statistical technique used to express
the relationship between two sets of scores (two vari-
ables). In this chapter, we will discuss linear corre-
lation, or the degree to which a straight line best
describes the relationship between two variables. A
relationship between two variables may be curvilinear,
meaning that the relationship is best described with a
curved line. Linear relationship is the simplest and most
common correlation, however. In our profession, many
opportunities exist for determining if there is a relation-
ship between two variables. For example, is there a
relationship between athletic participation and aca-
demic achievement? Do individuals with a high level of
physical fitness earn higher academic grades? Is there a
relationship between arm strength and golf driving dis-
tance? Is there a relationship between percentage of

body fat and the ability to run 2 miles? Also, correlation
techniques are used to determine the validity, reliability,
and objectivity of tests. These techniques will be
described in chapter 5.

The number that represents the correlation is called the
correlation coefficient. Two techniques for determining
the correlation coefficient will be presented here. Regard-
less of the technique used, correlation coefficients have
several common characteristics. (Statements 2 and 3 are
general statements; the size and significance of the coef-
ficient must be considered.)

1. The values of the coefficient will always range from
+1.00 to —1.00. It is rare that the coefficients of
+1.00, —1.00, and .00 are found, however.

2. A positive coefficient indicates direct relationship; for
example, an individual who scores high on one vari-
able is likely to score high on the second variable,
and an individual who scores low on one variable is
likely to score low on the second variable.

3. A negative coefficient indicates inverse relationship.
The individual who scores low on one variable is
likely to score high on the second variable, and the
individual who scores high on the first variable is
likely to score low on the second.
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4. A correlation coefficient near .00 indicates no rela-
tionship. An individual who scores high or low on one
variable may have any score on the second variable.

5. The number indicates the degree of relationship, and
the sign indicates the type of relationship. The num-
ber +.88 indicates the same degree of relationship as
the number —.88. The signs indicate that the direc-
tions of the relationship are different.

6. A correlation coefficient indicates relationship. After
determining a correlation coefficient, you cannot infer
that one variable causes something to happen to the
other variable. If a high, positive correlation coefficient
is found between participation in school sports and high
academic grades, it cannot be said that participation in
school sports causes a person to earn good grades. It can
only be said that there is a high, positive relationship.

Scattergram

A scattergram is a graph used to illustrate the relation-
ship between two variables. To prepare a scattergram, per-
form the following steps:

1. Determine the range for each variable.

105}
100
95t
a0r
851
80

75}

Isotonic strength scores

i i L I . i

2. Designate one variable as the X score and the other
variable as the Y score.

3. Draw and label the axes. Represent the X scores on
the horizontal axis and the Y scores on the vertical
axis. Begin with the lower X scores at the left portion
of the X axis and the lower Y scores at the lower por-
tion of the Y axis.

4. Plot each pair of scores on the graph by placing a
point at the intersection of the two scores.

Figure 3.1 is a scattergram of the relationship between
isometric and isotonic strength scores.

The scattergram can indicate a positive relationship, a
negative relationship, or a zero relationship. If a positive
relationship exists, the points will tend to cluster along a
diagonal line that runs from the lower left-hand corner of
the scattergram to the upper right-hand corner. In a negative
relationship, the points tend to do the opposite; they move
from the upper left-hand corner to the lower right-hand
corner. With a positive or negative line, the closer the points
cluster along the diagonal line, the higher the correlation.
In a zero relationship the points are scattered throughout
the scattergram. Figure 3.2 illustrates the three types of
relationships.

i 1 i

45 50 55 60 65 70

75 80 85 90 95 100 105

Isometric strength scores

FIGURE 3.1
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Scattergram of relationship between isometric and isotonic strength scores.



FIGURE3.2 Scattergrams show-
ing (a) positive, (b) negative,
and (c) zero correlation
between two variables.

are presented in this chapter. To use these procedures:

pantin your group.

» + «  POINTS OF 15N NEEEEEE

The Spearman rank-difference correlation and the Pearson product-moment correlation
= The data used must be paired; this means you must have two scores for each partici-

= The data must be bivariate, which means you must have measures for two different
variables; two measures cannot be made on the same variable.

Spearman Rank-Difference Correlation Coefficient

The Spearman rank-difference correlation coefficient,
also called rank-order, is used when one or both variables
are ranks or ordinal scales. The difference (D) between
the ranks of the two sets of scores is used to determine the
correlation coefficient. The following examples are rela-
tionships that could be determined through utilization of
the rank-difference correlation coefficient:

* The ranking of participants in a badminton class and
their order of finish in tournament play.

* The ability to serve well and the order of finish in a
tennis tournament.

» Vertical jump scores and speed in the 100-meter run.

Of course, many other relationships can be determined
with the rank-difference correlation coefficient.

The symbol for the rank-difference coefficient is the
Greek rho (p) orr,, .. To determine p, perform the follow-
ing steps:

pmo-

1. List each set of scores in a column.

2. Rank the two sets of scores.
Note: This procedure was described in chapter 2.

3. Place the appropriate rank beside each score.

4. Head a column D and determine the difference in
rank for each pair of scores.
Note: The sum of the D column should always be 0. If
it is not, check your work.

5. Square each number in the D column and sum the
values (3D?).

6. Calculate the correlation coefficient by substituting
the values in the formula

6(3D?%)

~1.00 -
P NN® — 1)

Table 3.1 illustrates the calculation of the rank-difference
correlation coefficient for sit-up and push-up scores.
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TABLE 3.1 Rank-Difference Correlation Coefficient for Sit-Up and Push-Up Scores

Student Sit-Up Score Rank of S-U Score Push-Up Score Rank of P-U Score D D?
A 28 19.5 19 18.0 1.5 2.25
B 31 16.5 22 15.5 1.0 1.00
C 32 13.5 25 11.0 2.5 6.25
D 35 7.0 23 13.5 —-6.5 42.25
E 32 136 27 8.5 5.0 25.00
F 40 1.0 35 1.0 0.0 0.00
G 33 10.0 29 4.5 5.5 30.25
H 35 7.0 28 6.5 0.5 0.25
| 32 13.5 26 10.0 3.5 12.25
J 36 4.5 29 4.5 0.0 0.00
K 35 7.0 31 3.0 4.0 16.00
L 31 16.5 33 2.0 14.5 210.25
M 36 4.5 24 12.0 -7.5 56.25
N 30 18.0 21 17.0 1.00 1.00
O 37 2.5 18 19.0 -16.5 272.25
P 37 2.5 27 8.5 -6.0 36.00
Q 33 10.0 22 15.5 -5.5 30.25
R 28 19.5 17 20.0 -0.5 0.25
S 32 136 28 6.5 7.0 49.00
T 33 10.0 23 13.56 -3.5 12.25

>D? = 803.00
N =20
—100_ 8D
N(N® - 1)
4o 6(803)
20(400 - 1)
=1.00- 2818
7,980
=1.00 -.60
p=.40

Pearson Product-Moment Correlation Coefficient

The Pearson product-moment correlation coefficient,
also called Pearson r, is used when measurement results
are reported in interval or ratio scale scores. The Spear-
man correlation coefficient actually is a Pearson r com-
puted on the ranks. The Pearson r gives a more precise
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estimate of relationship because the actual scores, rather
than the ranks of the scores, are taken into account. (This
popular correlation coefficient has many variations, but
only one method will be described.) The symbol for the
product-moment correlation coefficient is r.



Observed scores are used with this calculation method
of the product-moment correlation coefficient. The steps
for calculation are as follows:

1. Label columns for name, X, Xz, Y, Y2, and XY.

2. Designate one set of scores as X, designate the other
set as Y, and place the appropriate paired scores by
the individual’s name.

3. Find the sums of the X and Y columns (XX and XY).

4. Square each X score, place squared scores in the X*
column, and find the sum of the column (ZX?).

5. Square each Y score, place squared scores in the Y
column, and find the sum of the column (Y?).

6. Multiply each X score by the Y score, place the prod-
uct in the XY column, and find the sum of the col-
umn (ZXY).

7. Substitute the values in the formula

o NEXY) - EX)SY)
INEX?) - X2 UNEY?) - (3Y)

Table 3.2 illustrates the calculation of the Pearson
product-moment correlation coefficient for isometric and
isotonic strength scores.

Interpretation of the Correlation Coefficient

After calculating the correlation coefficient, you must
interpret it. This interpretation should be done with cau-
tion. For example, a correlation of .70 may be considered
quite high in one analysis, but low in another. Also, in
your interpretation of the coefficient, you must remem-
ber that a high correlation does not indicate that one vari-
able causes something to happen to another variable.
Correlation is about the relationship of variables. The
purpose for which the correlation coefficient is computed
must be considered when making a decision about how
high or low a coefficient is. Keeping the purpose of the
correlation study in mind, use the following ranges as
general guidelines for interpretation of the correlation
coefficient. Note that negative values are considered in
the same manner.

r = below .20 (extremely low relationship)
= .20 to .39 (low relationship)

.40 to .59 (moderate relationship)

.60 to .79 (high relationship)

.80 to 1.00 (very high relationship)

..g
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Significance of the Correlation Coefficient

Your interpretation of a correlation coefficient should not
be limited to the general interpretation described above.
The statistical significance, or reliability, of the correla-
tion coefficient should be considered also. In determin-
ing the coefficient significance, you are answering the
following question: If the study were repeated, what is
the probability of obtaining a similar relationship? You
want to be sure that the relationship is real and did not
result from a chance occurrence.

When r is calculated, the number of pairs of scores is
important. With a small number of paired scores, it is pos-
sible that a high r value can occur by chance. For this rea-
son, when a small number of paired scores is recorded, the
r value must be large to be significant. On the other hand,
if the number of scores is large, it is less likely that a high
r value will occur by chance. Thus, a small r can be sig-
nificant with a large number of paired scores.

A table of values is used to determine the statistical
significance of a correlation coefficient. (In this discus-
sion, .05 and .01 levels of significance and degrees of
freedom are used. These terms will be explained in
greater detail in the discussion of t-tests in chapter 4.)
Before using the values table, you must first calculate
the degrees of freedom (df) for the paired scores. The
degrees of freedom equal N — 2 (N is the number of
paired scores). In the calculation of r for isometric and
isotonic strength scores in table 3.2, the degrees of free-
dom equal N — 2 = 15 — 2 = 13. To determine the sta-
tistical significance of r = .90, we will use the values in
appendix A. Find the number 13 in the degrees of free-
dom column in appendix A. You see that a correlation of
.514 is required for significance at the .05 level and .641
at the .01 level. These numbers indicate that, for 13
degrees of freedom, a correlation as high as .514 occurs
only 5 in 100 times by chance, and a correlation as high
as .641 occurs only 1 in 100 times by chance. Because the
r value of .90 in table 3.2 is greater than both of these
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TABLE 3.2 Product-Moment Correlation Coefficient for Isometric and Isotonic Strength Scores

Name Isometric Score X X Isotonic Score Y Y? XY
A 63 3,969 76 5,776 4,788
B 78 6,084 80 6,400 6,240
C 46 2,116 70 4,900 3,220
D 103 10,609 102 10,404 10,506
E 74 5,476 73 5,329 5,402
F 82 6,724 87 7,569 7,134
G 95 9,025 92 8,464 8,740
H 103 10,609 93 8,649 9,579
| 87 7,569 83 6,889 7,221
J 73 5,329 79 6,241 5,767
K 78 6,084 82 6,724 6,396
L 89 7,921 90 8,100 8,010
M 82 6,724 85 7,225 6,970
N 73 5,329 81 6,561 5,913
0 %2 8,464 85 7,225 7,820

1,218 102,032 1,258 106,456 103,706

N =15

NIEXY) = (EX)(ZY)
N(EX2) — (X2 NEY?) - ()2
15(103,706) — (1,218)(1,258)
15(102,032) — (1,218)? \/15(106, 456) — (1,258)>

r=

1,555,690 — 1,532,244
1,530,480 — 1,483,524 /1,596,840 — 1,582,564

23,346
/46,956 (/14,276

_ 23,346
"~ (216.69)(119.48)

23346
"~ 25,890.12

r=.90

values, we conclude that the correlation is significant at
the .01 level.

In summary, the obtained r is compared with the appro-
priate table values. If the obtained r is larger than the val-
ues found at the .05 and .01 level, r is significant at the .01
level. If the obtained r falls between these two table values,
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r is significant at the .05 level. If the obtained r is smaller
than both table values, it is not significant. Significant cor-
relation coefficients lower than .50 can be useful for indi-
cating nonchance relationships among variables, but they
probably are not large enough to be useful in predicting
individual scores.



You should notice that the correlation needed for sig-
nificance decreases with the increased number of paired
scores. Remember the earlier statement that a large num-
ber of scores decreases the likelihood that a high r will
occur by chance. The table values reflect the influence of
chance. You also should notice that a higher correlation is
needed for significance at the .01 level than at the .05
level. The reason is that we are reducing the odds that the
correlation is due to chance (1 in 100 vs. 5 in 100).

Coefficient of Determination

The statistical significance of correlation is important, but
to better determine the relationship of two variables, the
coefficient of determination should be utilized. The
coefficient of determination is the square of the correla-
tion coefficient (r%). It represents the common variance
between two variables, or the proportion of variance in
one variable that can be accounted for by the other vari-
able. For example, imagine we administered a standing
long jump test and a leg strength test to a group of male
high school students, and we calculated a correlation
coefficient of .85 between the two tests. We calculate that
1” equals .72. We interpret this value to mean that 72% of
the variability in the standing long jump scores is associ-
ated with leg strength. Or, we might say that 72% of both
standing long jump ability and leg strength comes from
common factors. We also can say that the two tests have
common factors that influence the individuals’ scores.

Using the coefficient of determination shows that a
high correlation coefficient is needed to indicate a sub-
stantial to high relationship between two variables. In
addition, coefficients of determination can be compared
as ratios, whereas correlation coefficients cannot. For
example, an r of .80 is not twice as large as an r of .40. By
using the coefficient of determination, we see that an r of
.80 is four times stronger than an r of .40 (r = .80, = .64;
r = .40, 1" = .16).

Negative Correlation Coefficients

There are occasions when a negative correlation coefficient
is to be expected. When a smaller score that is considered to
be a better score is correlated with a larger score that also is
considered to be a better score, the correlation coefficient
usually will be negative. The relationship between maxi-
mum oxygen consumption and the time required to run 2
miles is an example. In general, individuals with high

values for maximum oxygen consumption will have lower
times for the 2-mile run than individuals with low values for
maximum oxygen consumption. In addition, a negative cor-
relation will probably occur with performance that requires
support of the body (weight correlated with pull-ups or dips).

Correlation, Regression, and Prediction

Recall that linear correlation refers to the relationship of
two variables. It tells us how close the relationship
between two variables is to a straight line. Once a rela-
tionship between two variables is found, if we have the
score for one variable we can predict the score for the other
variable. Consider the example provided in table 3.2. A
correlation of .90 was found between isometric strength
and isotonic strength. Through linear regression analysis,
it is possible to predict an individual’s isotonic score once
the isometric score is known. Also consider the question
asked at the beginning of the chapter about a possible rela-
tionship between physical fitness and academic grades. If
a high relationship between these two variables were
found, it would be possible to predict grades based on
physical fitness scores. Rarely, however, will a predicted
score be the actual score for an individual. In correlation
studies, we can determine the standard error of estimate (a
numerical value that indicates the amount of error to
expect in a predicted score) and how much confidence
(referred to as confidence limits) we have in the prediction.
Correlation studies report these values.

Often correlation studies involve more than two vari-
ables. These studies, referred to as multiple correlation-
regression studies, enable investigators to predict a score
using several other scores. For example, many universi-
ties admit students based on their predicted freshman year
grade point average. Values or scores for such variables as
class rank, high school grade point average, and SAT or
ACT score are used in a multiple regression equation to
predict the freshman year grade point average. Also,
many health-related or lifestyle studies involve multiple
correlation-regression analysis. Such studies predict the
health problems or diseases that may occur as a result of
factors involved in a person’s lifestyle.

Although linear and multiple correlation-regression
techniques will not be presented in this text, you should
be aware of their use and purpose. Your professional lit-
erature will include these studies.
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N ARE YOU ABLE TO DO THE FOLLOWING? 2. Using the product-moment correlation coefficient

= Define correlation, linear correlation, correlation coeffi- method, determine the relationship between a
cient, and coefficient of determination? 2-minute sit-up test and physical fitness test scores.
After you have determined r, calculate the coeffi-
= Interpret the correlation coefficient? cient of determination, interpret the obtained value,
= Construct a scattergram and interpret it? and use appendix A to interpret the significance of

_ _ _ the correlation coefficient.
= Determine the Spearman rank-difference correlation

coefficient and interpret it? Sit-Up PF
Student Score Score
= Determine the Pearson product-moment correlation A 45 81
coefficient and interpret it? B 51 94
C 30 91
D 55 75
. E 32 65
Review Problems F 4 22
1. Using the rank-difference correlation coefficient G 41 85
method, determine the relationship between the H 52 65
height (inches) and weight (pounds) measurements I 61 73
of twenty individuals. After you have determined r, J 39 85
calculate the coefficient of determination, interpret K 38 93
the obtained value, and use appendix A to interpret L 37 51
the significance of . M 41 65
. . N 42 73
Student Height ‘Weight 0 4 74
A 68 170 P 53 79
B 68 160 Q 38 4
C 66 140 R 39 65
D 67 150 S 45 54
E 69 155 T 53 63
F 65 145
G 70 168 3. Using the product-moment correlation coefficient
H 71 182 method, determine the relationship between the daily
| 74 208 sodium intake and the systolic blood pressure of
J 65 144 twenty-five individuals. After you have determined r,
K 68 165 calculate the coefficient of determination, interpret
L 67 160 the obtained value, and use appendix A to interpret
M 71 195 the significance of r.
N 71 190
o 70 195
P 66 150
Q 69 170
R 66 148
S 65 140
T 76 210
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Individual Sodium Intake Blood Pressure

A 7.2 189
B 6.9 175
C 7.1 160
D 7.0 163
E 6.6 147
F 7.2 188
G 6.5 140
H 7.1 178
I 6.9 164
J 7.0 182
K 6.6 150
L 7.3 188
M 7.0 170

Individual Sodium Intake Blood Pressure
N 6.7 154
(0] 6.9 165
P 7.1 157
Q 7.4 193
R 6.5 139
S 7.1 176
T 7.0 180
U 6.8 164
A% 6.9 159
W 6.7 151
X 6.8 163
Y 6.5 137

; ‘Chapt‘éi" Re‘vie_vs'f_,-;Q'uest'ibli's e

. What is the purpose of a correlation study? (page 31)

. What are the two types of linear relationships that
two variables may have? (page 31)

. What is another word that indicates a direct rela-
tionship? (page 31)

. A group of 100 adults, ages seventy-five to eighty,
was tested for leg strength and balance while
moving. A correlation coefficient of +.85 was
found between the two variables. What can be said
about the relationship of leg strength and balance?
If a correlation coefficient of —.85 had been found,
what would you say about the relationship?

(pages 31-32)

. When using the Spearman rank-difference correla-
tion coefficient, which scales of measurement
should be used? (page 33)

6.

10.

When using the Pearson product-moment correla-
tion coefficient, which scales of measurement
should be used? (page 34)

For the study described in question 4, use appendix
A to determine the level of significance for the cor-
relation coefficient. How do you interpret the signif-
icance of the correlation? (pages 35-36)

How do you obtain the coefficient of determina-
tion? (page 37)

In question 4, what is the value of the coefficient of
determination for the +.85 correlation coefficient,
and how do you interpret it? (page 37)

What is the purpose of linear regression analysis
and multiple correlation-regression analysis?

(page 37)
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in Scores

Investigating the Difference

In your professional res-
ponsibilities you may
have occasions when you
would like to determine if
there is a significant dif-
ference in the perform-
ance of various groups
(e.g., males and females,

for repeated measures.

After completing this chapter, you should be able to

1. Define and give examples of dependent variable, independent variable, null hypothesis,
two-tailed test, one-tailed test, degrees of freedom, level of significance, standard error of
the mean, and standard error of the difference between means.

2. Define Type | and Type Il errors.
3. Use and interpret the t-test for independent groups and the t-test for dependent groups.

4. Use and interpret analysis of variance for independent groups and analysis of variance

5. Use Tukey’s honestly significant difference test (HSD).

athletes and nonathletes).
You also may wish to
determine if there is a significant difference in methods of
instruction, treatments of a particular injury, cardiorespi-
ratory endurance programs, flexibility programs, or in
other areas of interest or responsibilities that you have. To
determine if a significant difference exists in the exam-
ples just provided, you must compare means. A discussion
of all procedures that may be used to test for significant
difference between means is beyond the scope of this
textbook. However, two common procedures used by
researchers, the t-test and analysis of variance (ANOVA),
will be presented. Your understanding of these procedures
will enable you to conduct beneficial research and better
interpret professional research.

Testing for Significant Difference
between Two Means

Imagine you are the instructor at a fitness center, and you
have forty individuals of similar age in a cardiorespira-
tory fitness class. Rather than have all forty individuals
participate in the same program, you decide to randomly

assign each person to one of two groups. One group will
participate in aerobic dance, 3 times per week, for 8
weeks. The other group will participate in a running pro-
gram, 3 times per week, for 8 weeks. There are other fac-
tors about the two programs that you would have to
consider (e.g., intensity and duration of each session), but
you want to know if one program will develop fitness bet-
ter than the other.

At the conclusion of the 8 weeks, you administer the
same cardiorespiratory fitness test to the two groups and
notice that the group means are different. Can you say
that one program developed cardiorespiratory fitness
better than the other? You cannot reach such a conclu-
sion by merely observing the means. It is not unusual for
the means to be different. In fact, if one thousand ran-
dom samples were drawn from a population and admin-
istered the same test, the sample means would
approximate a normal curve. The question you must
answer is “Are the two sample means significantly dif-
ferent?” To answer this question you must statistically
analyze the scores.

4|



Dependent and Independent Variables

In experimental research, there are two important classes
of variables. The response to the treatment (independent
variable) is called the dependent variable. The depend-
ent variable is the variable that researchers observe to see
if it changes as a result of the treatment. It is the reason the
researcher is conducting the study. The dependent vari-
able also is called the criterion variable. Suppose a study
is conducted to determine if change will occur in subjects’
blood pressure after the reduction of salt intake. Blood
pressure is the dependent variable. Blood pressure may or
may not change as a result of a reduction in salt intake.

In experimental research, the independent variable
also is a necessary component. This variable is the treat-
ment in the study. It is controlled by the researcher. In the
example included in the dependent variable definition,
salt intake is the independent variable. The researcher
controls the amount of salt and which participants con-
sume the salt.

The Null Hypothesis

In statistics, a hypothesis is a prediction about the rela-
tionship between two or more variables. The hypothesis
that predicts there will be no statistical difference between
the means of groups is the null hypothesis. The hypothe-
sis that predicts there will be a difference is the alterna-
tive hypothesis. The hypotheses are written as

Hoz)_(lz)_(z
H,: X, #X,

Null hypothesis
Alternative hypothesis

This type of alternative hypothesis is used for a two-tailed
test, meaning that the difference in means can be in either
direction. The mean for group 1 can be either larger or
smaller than the mean for group 2. If a statistical test of the
null hypothesis presents no evidence that the hypothesis is
false, you accept it and reject the alternative hypothesis.

If the statistical test presents evidence that the null
hypothesis is false (the mean for group 1 is larger or
smaller than the mean for group 2), you reject it and
accept the alternative hypothesis.

It is acceptable to use an alternative hypothesis that is
directional. With this hypothesis, the conductor of the study
is predicting that one mean is either less or more than the
other mean. This type of hypothesis is used for a one-tailed
test and requires that the t distribution be used differently.
The directional alternative hypothesis is written as

H : X, < X,
or
H, : X, >X,
A one-tailed test is used when you are sure that the mean
differences can occur only in one direction—that is, when
one mean is either larger or smaller than the other mean.

For most studies, the nondirectional alternative hypothe-
sis (two-tailed) is sufficient.

Degrees of Freedom

The degrees of freedom (df') concept is used in all statis-
tical tests. For the statistical procedures used in this chap-
ter, the degrees of freedom are calculated by subtracting 1
from N (N — 1) for any set of scores. (The degrees of free-
dom are determined by the sample size.) The degrees of
freedom indicate the number of scores in a distribution
that are free to vary. For example, assume that you have
determined the group mean for twenty scores. For this
given mean, nineteen scores could vary. Once the nine-
teen scores are obtained, however, the twentieth score
must assume a fixed value if the mean is to remain the
same. To convince yourself of this concept, work with
five scores that have a mean of 10 (the sum of the five
numbers is 50). Assign four scores any value from 5 to 12.
If the mean is to remain 10, you will see that the fifth score
cannot be just any value. Its value is determined by the

higher than the other.

Sl b NGB EVIPHASIS - - -

= A nondirectional research hypothesis is two-tailed and does not indicate which mean
is higher. A directional research hypothesis is one-tailed and states that one mean is
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values that you assigned to the first four scores. In the
case of a t-test where there are two groups, the degrees of
freedomequal N; — 1) + N, — 1) =N, + N, — 2.

Level of Significance

The level of significance is the probability of rejecting a
null hypothesis when it is true. The two most common
levels of significance are .01 (p = .01) and .05 (p = .05).
If you reject the null hypothesis at the .01 level of signif-
icance, there is 1 chance in 100 that you are rejecting the
null hypothesis when it is actually true. At the .05 level,
there are 5 chances in 100 that you are in error. Most
investigators are not willing to accept a level of signifi-
cance higher than .05, but some studies report a p = value
of .001, which means there is one chance in a 1,000 that
you are in error.

Two types of error, Type I and Type II, can be com-
mitted when accepting and rejecting hypotheses. If you
reject a hypothesis when it is true, you commit a Type I
error. The Type II error occurs when the hypothesis is
false and should be rejected, but the test results appear to
make the hypothesis true; that is, you accept the hypothe-
sis when it is not true. Using the .01 level of significance,
rather than the .05 level, reduces the risk of making a Type
I error but increases the probability of making a Type II
error. Owing to the probability of making a Type I error,
only in unusual studies is a level of significance below .05
used. In general, the best way for a researcher to decrease
the probability of making a Type II error is to increase the
sample size (the number of subjects in the groups). As the
sample size increases, the probability of making a Type II
error decreases.

The level of significance and the degrees of freedom
are used together to determine the value that a statistical
test must yield for you to reject the null hypothesis.
Appendix B shows the values used to determine signifi-
cance. To use the table in appendix B, go down the
df column to the degrees of freedom that you have

determined and then go across to the values (critical
values) under the .05 and .01 columns. These values will
determine whether you reject or accept the null hypoth-
esis. Notice that the greater the degrees of freedom, the
smaller the value needed to reject the null hypothesis.
Because the degrees of freedom are a result of the sam-
ple number, a large sample number is beneficial in terms
of finding a significant difference.

Standard Error of the Mean

If a large number of equal-size samples were randomly
drawn from the same population and their means formed
into a distribution, we would have a sampling distribu-
tion of means. From the sampling distribution of means,
we can compute the standard deviation of the sampling
distribution, called the standard error of the mean
(SEM). When the means are in close agreement, the
value of the standard error of the mean is small. Also, we
are more confident that any one mean is near the value of
the population mean.

Because it is not practical to calculate the standard
error of the mean from a sampling distribution of means,
a formula has been derived to provide an estimate of the
standard error. The formula is

S
SEM = — (s = standard deviation of sample scores)

N

Table 4.1 shows that, for the group running 3 days per
week, the X = 80.9 and the SEM = 0.38. The SEM value
is added to and subtracted from the X (80.9 = 0.38) to
demonstrate the distribution of the means. The resulting
values indicate that if this study were repeated a large
number of times, 68.26% of the time the means for the
group running 3 days per week would be in the range of
80.52 to 81.28. For the group running 5 days per week,
68.26% of the time the means would be in the range of
90.51 t0 92.09 (91.3 £ 0.79).

higher level of significance than p = .05.

++ + POINT OF {1 \S MR

= The lower the probability, the higher the level of significance will be: p = .01is a
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= The larger the sample, the smaller the standard error of the mean.

= The less the variability in a population, the smaller the standard error of the mean.

This range is interpreted as the limits of the 68% con-
fidence intervals for the mean. We also can establish the
95% and 99% confidence intervals for the mean. If, with
the mean, we add and subtract two SEMs, we have 95%
confidence that the true mean lies within the established
range. If we do the same procedure with three SEMs, we
have 99% confidence that the true mean lies within the
established range. For the group running 3 days per week,
the 95% confidence interval would be in the range of
80.14 to 81.66.

Standard Error of the Difference between Means

After calculating the standard error of the mean for each
of the means, we can estimate the size difference to be
expected between two sample means randomly drawn
from the same population. To determine this value, called
the standard error of the difference, we have to square
the standard error of the mean of each group, add the
results, and then find the square root of the sum. The stan-
dard error of the difference represents the standard devia-
tion of all the observed differences between pairs of
sample means. The formula is

s:« =+/SEM,? + SEM?

In table 4.1, the difference between the means is 10.4
and sx_x = 0.87. These values indicate that 68.26% of the
time, the differences between the means would be in the
range of 9.53 to 11.27 (10.4 = 0.87). As was done with
the SEM, we can use the same procedure to establish 95%
and 99% confidence intervals for the range of differences
between the means.

t-Test for Independent Groups

The t-test for independent groups may be used to deter-
mine the significance of the difference between two inde-
pendent sample means. In a comparison of the means of
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two independent samples, the following assumptions are
made:

1. Initially the two sample groups come from the same
population.

2. The population is normally distributed.

3. The two groups are representative samples; that is,
they have approximately equal variances.

To illustrate the steps involved in the use of the t-test
for independent groups, suppose you wanted to deter-
mine if running 5 days a week would develop cardiores-
piratory endurance better than running 3 days a week.
Your null hypothesis is that there will be no difference in
the means of the two programs (X; = X,). After randomly
selecting the individuals for each group, you prescribe the
same running program (intensity and duration for each
day) for both groups. After 12 weeks, you administer the
Harvard Step Test to both groups in the running program.
Table 4.1 shows the test scores and the necessary calcu-
lations for the t-test. (For convenience, only ten individ-
uals will be in each group.) The steps for the calculations
are as follows:

1. Calculate the mean and standard deviations for each
group.

2. Calculate the standard error of the mean (SEM) for
each group.

3. Calculate the standard error of the difference between
means (Sg_x)-

4. Calculate the t-ratio by substituting the values in the
formula




TABLE 4.1 t-Test for Independent Groups: Harvard Step Test

Group Running 3 Days/Week Group Running 5 Days/Week
X X X, X!
80 6,400 88 7,744
79 6,241 92 8,464
81 6,561 93 8,649
80 6,400 95 9,025
82 6,724 91 8,281
81 6,561 89 7,921
80 6,400 88 7,744
82 6,724 90 8,100
81 6,561 94 8,836
83 6,889 93 8,649
¥X; = 809 X2 = 65,461 X, =913 ¥X,? = 83,413
X, = 80.9 _
NN - 1) A
> SEM, =.79
_10(65,461 - (809)
10(9)
) Jm
90
129
V90
s, =/1.43 =1.20
sem, = S - 120 120 _ 49

S: ;= /SEMZ + SEM,?

= J(0.387 +(0.797 1= X%
Sz-x
=/0.1444 + 0.6241
80.9-91.3
=./0.7685 =T
Sz_x = 0.87 t = —=11.95 (compare with t-values in appendix B)
5. Determine the degrees of freedom (df). For this com- less than the critical value, accept the null hypothesis.
parison, the degrees of freedom = 10 + 10 — 2 = 18. With 18 degrees of freedom, the t-ratio of 11.95 is
6. Refer to the t-values in appendix B. If the computed greater than the t of 2.101 needed for significance at
t-ratio is equal to or greater than the critical value in the .05 level and greater than the 2.878 needed for
appendix B, reject the null hypothesis. If the t-ratio is significance at the .01 level.
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Note: The negative sign is ignored because it is the
result of subtracting X, from X,. If the group running 5
days a week had been designated as group 1, the result
would have been positive. The important consideration is
the size of t, not its sign.

7. Reject the null hypothesis: you may conclude that
running 5 days a week develops cardiorespiratory
endurance better than running 3 days a week.

t-Test for Dependent Groups

If two groups are not independent but are related to each
other, the t-test for dependent groups should be used.
This test is also called the t-test for paired, related, or cor-
related samples. The only changes in the assumptions for
the t-test for dependent groups, as compared with those
for the t-test for independent groups, are the following:

1. The paired differences are a random sample from a
normal population.

2. The equal variances assumption is unnecessary, since
you will be working with one group.

To illustrate the steps involved in the use of the t-test
for dependent groups, imagine that you wish to determine
if participation in a basketball class will improve the
scores of ninth-grade girls on a speed spot shooting test.
Your null hypothesis is that there will be no difference in
the means of the speed spot shooting pre-test and post-test
(X, = X,). You administer the test the first day of the
class and again at the conclusion of the basketball unit.
Table 4.2 shows the pairs of scores and the necessary cal-
culations for the t-test. (Again, for convenience, only ten
pairs of scores will be used.) The steps for the calculations
are as follows:

1. List the pairs of scores so that you can subtract one
from the other.

2. Label a column D and determine the difference for
each pair of scores.

3. Label a column D2, square each D, and sum D? (ZDz).
4. Calculate the mean difference (D).

5. Calculate the standard deviation of the difference.
The formula is
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TABLE 4.2 Test for Dependent Groups:
Speed Spot Shooting Test

Pre-test Post-test
Scores Scores D D?
10 12 2 4
12 15 3 9
9 10 1 1
11 10 -1 1
8 12 4 16
9 11 2 4
13 14 1 1
8 11 3 9
7 9 2 4
9 10 1 1
YD =18 ¥D? = 50
- So
[D N(D2 - N
133
50 — 10(1.8%) 10
10 S5 = % =.42
50 — 10(3.24) >
10 (=2
_ 176 %
- 1.8 (compare with t-values
5 = 1.1706 133 t= a0 = 4.29 4, apgendix B)
/2D? - N(D?)
S T E—
\ N

6. Calculate the standard error of the difference (sp).
The sp is equivalent to the SEM and is obtained in a
similar manner. The formula is

Sp
=N
7. Calculate the t-ratio by substituting the values in the
formula

s | ol



8. Determine the degrees of freedom. For this compari-

son the degrees of freedom = 10 — 1 = 9.

9. Refer to the t-values in appendix B. With 9 degrees

of freedom, the t-ratio of 4.29 is greater than the
t-value of 2.262 needed for significance at the .05
level of significance and greater than the t-value of
3.250 needed at the .01 level.

10. Reject the null hypothesis. You may conclude that

participation in the basketball class improved
performance on the speed spot shooting test.

BN ARE YOU ABLE TO DO THE FOLLOWING?

Define and give examples of null hypothesis, degrees of
freedom, level of significance, standard error of the
mean, and standard error of the difference between
means?

Define Type | and Type Il errors?

Determine if there is a significant difference between
two means through use of the appropriate t-test?

Review Problems

1. An instructor used different methods to teach a
health unit to two classes. Use the appropriate t-test
to determine if the performances of the two classes
on the knowledge test were significantly different.

Class 1
88 93 91 82 85
87 90 86 92 89
94 88 87 87 90

Class 2
82 86 89 88 91
92 89 85 89 92
92 93 94 89 94

2. Use the appropriate t-test to determine if a group of
twelve individuals experienced a significant change
in percent body fat after participation in a 15-week
exercise program.

Percent Body Percent Body
Fat before Fat after
Subject Exercise Program Exercise Program

A 26 21

B 17 15

C 18 16
D 20 16

E 21 18

F 25 21

G 19 16

H 21 18

1 27 23

J 21 17

K 20 18

L 24 22

3. After participation in an adult fitness program, the
resting heart rates of twelve smokers and twelve
nonsmokers were measured. Use the appropriate
t-test to determine if there is a significant difference
in the heart rates of the two groups.

Smokers Nonsmokers
74 69
75 68
76 70
70 68
68 73
71 70
77 73
75 71
70 70
76 69
74 70
75 71

el b NGB EVIPHASIS - - -

= The t-test for independent groups is used to determine differences between two
groups of subjects taking the same test (the dependent variable). The t-test for depend-
ent groups is used when a group of subjects is measured on two different occasions
and usually involves administration of a pre-test and post-test (the dependent variable).
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4. Fifteen males participated in a diet and exercise pro-
gram for 6 months. Use the appropriate t-test to
determine if the participants experienced a signifi-
cant change in their serum cholesterol after the diet
and exercise program.

Preprogram Postprogram

Participant Cholesterol Cholesterol
A 230 210
B 205 200
C 195 190
D 210 195
E 233 212
F 240 202
G 195 190
H 220 200
I 225 198
J 211 200
K 221 199
L 225 220
M 203 195
N 240 220
(@) 207 198

Testing for Significant Difference
among Three or More Means

The t-test is a method for testing hypotheses about two
sample means, but there may be occasions that require the
testing of hypotheses about more than two means. For
example, you may elect to compare the effects of three or
more methods of teaching, cardiorespiratory fitness pro-
grams, weight-training programs, or weight-reduction
programs. Analysis of variance (ANOVA) is a method
used to compare three or more means or even, at times, to
compare two means. For these reasons, ANOVA is used in
research more than any other statistical technique.

Special Terms and Symbols
Before attempting to perform the steps of the new tech-

niques, you should have an understanding of these terms:

N = number of scores

n = the number of scores in a group (numbers in
groups may be different)
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k = the number of independent groups or the number
of trials (measures) performed on the same subjects
(repeated measures)

r = number of rows or subjects (repeated measures)
grand 2 X = sum of all scores in all groups

grand 3X* = sum of the squares of all scores in all
groups

total sum of squares (SSt) = the sum of the squared
deviations of every score from the grand X ; repre-

sents the variability of each score in all groups from
the grand X

sum of squares within groups (SSy) = the sum of the
squared deviations of each score from its group X;
also referred to as sum of squares for error

sum of squares between groups (SSg) = the sum of
the squared deviations of each group X from the
grand X; also referred to as treatment sum of squares

mean square for the sum of squares within groups
(MSyy) = variance within the groups

mean square for the sum of squares between groups
(MSg) = variance between groups

F-distribution = table values required to reject null
hypothesis

degrees of freedom within groups = (N — k); total
number of measures or scores (N) minus number of
groups (k); degrees of freedom for denominator in F-
distribution

degrees of freedom between groups = (k — 1); num-
ber of groups (k) minus 1; degrees of freedom for
numerator in F-distribution

degrees of freedom between groups k-1

degrees of freedom within groups T N-k

Analysis of Variance for Independent Groups

The analysis of variance for independent groups is
used when the sample groups are not related to each other.
There are several assumptions for this ANOVA, but the
basic assumptions are as follows:

1. The samples are randomly drawn from a normally
distributed population.



2. The variances of the samples are approximately
equal.

To illustrate the steps involved in the analysis of vari-
ance for independent groups, suppose that a fitness
instructor wishes to determine if there is a difference in
three programs designed to improve trunk extension. The
null hypothesis is that there will be no difference in the
means of the three programs (X, = X, = X;). The
instructor randomly assigns the members of a fitness class
to one of three groups, and each group participates for 10
weeks in a different program to improve trunk extension.
At the conclusion of the training period, the groups are
given the same trunk extension test. Table 4.3 shows the
scores and the necessary calculations for the analysis of
variance. As with previous illustrations, the total number
of scores is intentionally small. The steps for the calcula-
tions are as follows:

1. Sum each group of scores to get 2X;, 2X,, and 2Xj.
Add the group sums to get a grand 2X (X, + =X,
+ 2X; = grand 2X).

2. Square each score and sum the squared scores of each
group (3X?). Add the X for each group to get a
grand 3X* (3X,> + 3X,* + 3X;* = grand 3X?).

3. Calculate the correction factor (C). C is necessary
because raw scores are used rather than deviations of
the scores from the mean.

C= (grand £X)?
total N
4. Calculate the total sum of squares (SSt).

SS; =grand £X? - C
5. Calculate the sum of squares between groups (SSg).

_EX)? L (EX0)? | (X

n, n, n;

SS, C

6. Calculate the sum of squares within groups (SSy).
Sw =SS;: —SS;

7. Calculate the mean square for the sum of squares
between groups.

Ms, = >
k-1

8. Calculate the mean square for the sum of squares
within groups.

SS
MSy = —¥
YUN-k
9. Calculate the F-ratio.
MS,
MSy,

10. Refer to the F-distribution in appendix C to determine
if F is significant. To use the table in appendix C,
locate the appropriate column for the numerator
degrees of freedom (degrees of freedom between
groups, k — 1). For the trunk extension study, there
are 2 degrees of freedom between groups (3 — 1 = 2).
We next find the row that corresponds to the degrees
of freedom for the denominator (degrees of freedom
within groups, N — k). We have 21 (24 — 3) degrees
of freedom within groups. The F-ratio of 8.57 is
greater than the 3.47 table value at the .05 level and
the 5.78 value at the .01 level, so we reject the null
hypothesis at both levels of significance. The F-ratio
permits us to conclude that there is a significant dif-
ference in the three means, but it does not indicate
which mean is significantly superior or if two means
are significantly superior to one mean. A follow-up
test must be performed to identify the means that are
significantly different from one another. Table 4.4
shows a summary of the ANOVA as it is usually
reported in research publications.

Post Hoc Test For Independent Groups

When the F-ratio indicates that there are significant dif-
ferences between means, several tests may be used to
identify which means are significantly different from
each other. A test used for this purpose is referred to as a
post hoc test. Only Tukey’s honestly significant differ-
ence test (HSD) will be presented here.

The HSD calculates the minimum raw-score mean dif-
ference that must occur to declare a significant difference
between any two means. The formula for computing the
HSD value when the numbers of scores in the groups are
equal is
IMSy

HSD =q(o, k, N—k) \
‘ n

Investigating the Difference in Scores 49



TABLE 43 ANOVA for Independent Groups: Trunk Extension Test

Group | Group Il Group 1l
X X X, X, X3 X
22 484 20 400 18 324
23 529 19 361 19 361
21 441 18 324 17 289
22 484 19 361 22 484
19 361 18 324 18 324
21 441 21 441 19 361
22 484 20 400 20 400
21 441 19 361 19 361
X, =171 ¥X,% = 3,665 X, = 154 X% = 2,972 X5 =152 X% = 2,904
X,=21.38 X,=19.25 X3=19.00

X, =171, =X, = 154, £X, = 152

=X,2 = 3,665, =X,% = 2,972, X, = 2,904
grand X =171+ 154 + 152 = 477
grand £X? = 3,665 + 2,972 + 2,904 = 9,541

2
correction factor C = {grand 2X7
total N
2
C= (477) _ 227,529 - 9,480.38
24 24
SS; = grand=X? - C
SS; =9,541-9,480.38 = 60.62
2 2 2
SS, = (=X,) N (ZX,) . (=X3) _c
ny Ny N3
2 2 2
_O70 084 0527 o a0 ag
8 8 8

SSg = 3,665.13 + 2,964.50 + 2,888 — 9,480.38 = 2

SSw = SS;-5S;
SSy = 60.62 — 27.25 = 33.37

SSg :%:13.63
k=1 3-1

_SS,, 3337
N-k 24-3
_MS; 1363

- - =857
MS,, 159

MS; =

MS,, =159

F

7.25

(sum of all scores in all groups)

(sum of the square of all scores in all groups)

(necessary because raw scores are used rather than deviations
of the scores from the mean)

(sum of the squared deviations of every score from the
grand X)

(sum of the squared deviations of each group X from the
grand X)

(sum of the squared deviations of each score from its group X)

(mean square for the sum of squares between groups; variance
between groups)

(mean square for the sum of squares within groups; variance
within groups)

(value required to reject null hypothesis; refer to appendix C)
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TABLE 4.4 Summary of ANOVA for Trunk Extension Test

Source of Sum of Mean

Variation Squares df Square F
Between groups 27.25 2 13.63 8.57*
Within groups 33.37 21 1.59

Total 60.62 23

*Significant at the .01 level.

where q = value obtained from the table in appendix D,
o = significance level, k = number of groups, N = total
number of observations, N — k = the degrees of freedom
for the denominator in appendix D, MSy, = mean square
for within-groups variance, and n = the number of scores
in each group.

When the n’s in any two groups are unequal, the for-
mula is

HSD =q(a, k, N-k) MSW (i + Lj

n, n

Since the n’s are equal in the example in table 4.3, the
first equation will be used for our post hoc test. For the .01
level in the table in appendix D we find that q is about
4.64 (k = 3 and N — k = 21, but since the table jumps
from 20 to 24 for the denominator, we will use 3, 20). In
table 4.3, MSyy is 1.59 and n = 8. Our equation is

HSD =4.64 %

=4.64v0.19875
=4.64(0.446)
HSD =2.069

This value (2.069) represents the minimum raw-score dif-
ference between any two means that may be declared
significant. In table 4.3,

-X,=21.38-19.25=2.13
-X, =19.25-19.00 = 0.25
-X, =21.38-19.00 = 2.38

XXX

If minus signs had occurred in our example, we would
ignore them. We are interested only in absolute differ-
ences. We see that X, — X, and X, — X are greater
than 2.069. We thus conclude that there is a significant
difference between these groups at the .01 level but not
between groups 2 and 3.

Analysis of Variance for Repeated Measures

The analysis of variance for repeated measures is used
when repeated measures are made on the same subjects.
Basic assumptions are as follows:

1. The samples are randomly selected from a normal
population.

2. The variances for all measurements are approxi-
mately equal.

To illustrate this technique, we will assume that a bas-
ketball coach wishes to determine if loudness of sound is
a factor in the making of foul shots. He arranges for the
ten members of the basketball team to shoot fifteen foul
shots under three different sound conditions (no sound,
medium sound, and loud sound). The null hypothesis
is that the means of the three trials will be no different
(X, = X, = X;). Table 4.5 shows the scores and the nec-
essary calculations for the analysis of variance. (Note that
in this technique, N refers to the total number of mea-
surements.) Ten subjects were measured three times, so

+ -+« POINT OF 2011 S N

= |f significant differences are found between means, a post hoc test must be conducted.
You cannot conclude which means are significantly different without such a test.
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TABLE 4.5 ANOVA for Repeated Measures: Foul Shooting While Exposed to Different Sound Levels

No Sound Medium Sound Loud Sound
X, X2 X, X2 X X2 SRows (XRows)?
11 121 12 144 10 100 33 1,089
9 81 10 100 9 81 28 784
10 100 12 144 9 81 31 961
8 64 10 100 9 81 27 729
12 144 12 144 10 100 34 1,156
10 100 11 121 9 81 30 900
12 144 13 169 11 121 36 1,296
9 81 9 81 9 81 27 729
10 100 11 121 8 64 29 841
9 81 10 100 10 100 29 841
¥X; =100  =X?=1,016 X, =110 X2 =1,224 X5 = 94 X5% = 890 grand XX = 304 (Srows)? = 9,326
X, =10 X, =11 X;=94

grand =X = 304; grand £X? = 3,130

2 2
correction factor C = (grand ZX) = (304) = 92,416 = 3,080.53
total N 30 30

sum of the squared deviations of every score from the
SS; = grand X2 — C = 3,130 — 3,080.53 = 49.¢ (su au viat very

X 5 R grand X)
S8y = (ZX)) + (£X,) + (EXs)” _ C (sum of squares between trials; sum of squared deviations
My Ny N3 of each group X from grand X)
2 2 2
_ (100) + (110) + 94y 3,080.53
10 10 10
SSg = 3,093.60 — 3,080.53 = 13.07
SS.usiects = M _C (sum of squares to determine the effects of test-retest)
subjects k
2 2 2
:(11+12+10) +(9+10+9)* +...(9+10+10) ~3.080.53
3
SS.ubjecs = 3,108.67 - 3,080.563 =28.14
SS¢ =SSy — SSg — SSqpjects (sum of squares for error; sum of squared deviations of
SSg =49.47 -13.07 - 28.14 = 8.26 each score from its group X)
SS .
MSg = k_B1 = % =6.54 (mean square for the sum of squares between groups)
SSeubi
MS, pjects = &Tts = ?S_M; =3.13 (mean square for the sum of squares between subjects)
r— _
MS, = SS 826 _ 46 (mean square for the sum of squares for error)
k=2r-1 (209
Fratio = MSg _654 _ 14.22 (value required to reject null hypothesis; refer to appendix C)
MS;  0.46 '
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N = 30. Also, k refers to the number of times that the
group is measured. The steps for the calculations are as
follows:

1. Calculate the grand X and grand X2 as in the
ANOVA for independent groups.

X, +2X, + XX, = grand XX
X2 +ZX,? + XX,? = grand IX?
2. Calculate the correction factor as before.
_ (grand XX)?

N
3. Calculate the total sum of squares (SSt) as before.

C

SS; = grand £X? - C

4. Calculate the sum of squares between groups (SSg) as
before (actually, this is the sum of squares between
trials).

_EX) (X (X

n, n, n;

SS, C

5. Calculate the sum of squares to determine the effects
of the test-retest (SSyypjecs): Add the scores of the
three trials for each subject, square the sum, and then
add the squared sums for each subject. The sum of
the squared sums for each subject is divided by k (the
number of trials), and C is subtracted from the result-
ing value.

(X rows)?
subjects — Kk -

SS C

6. Compute the sum of squares for error (also referred
to as within-group sum of squares); this calculation
represents the sum of the squared deviations of each
score from its group X. Since this sum of squares
remains after SSg and SS,picqs, it is €asy to calculate.

SSE = SST - SSB - Sssubjems

7. Calculate the mean square for the sum of squares
between groups (trials). k = number of independent
groups.

SS,

MS, =
Pk—1

8. Calculate the mean square for the sum of squares
between subjects. r = number of subjects.

Sssub'ccts
MSsubjects = I'——Jl
9. Calculate the mean square for the sum of squares for
error.
S, = SSe
k=I)(r-1
10. Calculate the F-ratio.
MS,
MSg

11. Refer to the F-distribution in appendix C. The
degrees of freedom for the numerator are (k — 1) =
(3 — 1) = 2. For the denominator, the degrees of
freedomare (k — DNr— 1) =GB - 1)(10—-1) =
18. The F-ratio of 14.22 (6.54/0.46) is greater than
the 6.01 value needed for significance at the .01
level, so we reject the null hypothesis. Tukey’s hon-
estly significant difference test (HSD) now should
be used to determine which means are significantly
different. Table 4.6 shows the analysis summary.

Post Hoc Test for Repeated Measures

For ANOVA for repeated measures, the formula for com-
puting the HSD value is

HSD =q(o., k, [k—1][r 1) MS,
T

TABLE 4.6 Summary of ANOVA for Foul Shooting While
Exposed to Different Sound Levels

Source of Sum of Mean

Variation Squares df Square F
Subjects (rows) 28.14 9 3.13 14.22*
Between groups 13.07 2 6.54

Error 8.26 18 0.46

Total 49.47 29

*Significant at the .01 level.
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where q = value obtained from the table in appendix D,
o = significance level, k = number of trials or measures
performed on the same subjects, r = number of rows or
number of subjects, (k — 1)(r — 1) = degrees of freedom
for denominator in appendix D, and MSg = mean square
for the sum of squares for error.

Atthe .01 level, we find qis 4.70 (k =3 and [3 — 1][10
— 1] = 18). In table 4.6, MSg = 0.46, so our equation is

HSD =4.70 046
10

=4.70+/0.046
=4.70(0.2145)
HSD =1.008

We see that X, — X; is greater than 1.008. There is a sig-
nificant difference between medium sound and loud
sound when shooting foul shouts. There is no significant
difference between )_(1 (no sound) and )_(2 (medium sound)
and between X, (no sound) and X; (loud sound). If we had
tested at the .05 level, g would have been 3.61 and our
HSD value would have been 0.774. We then would have
found a significant difference between )_(1 (no sound) and
X, (medium sound) and between X, (medium sound) and
X5 (loud sound), but no significant difference between no
sound and loud sound.

N ARE YOU ABLE TO DO THE FOLLOWING?

m Define total sum of squares, sum of squares within
groups, sum of squares between groups, mean square
for the sum of squares within groups, and mean square
for the sum of squares between groups?

= Determine if there is a significant difference between
two or more means through the appropriate one-way
analysis of variance procedure?

= Use Tukey's honestly significant difference test (HSD) to
determine which means are significantly different from
each other?
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Review Problems

1. An elementary physical education teacher typically
used two different methods to improve the agility of
the students in her classes. Trying to determine if
one program developed agility better than the other,
she randomly assigned the students to one of two
groups. After the students had been in the programs
for 12 weeks, she administered the same agility test
to the two groups. Use the appropriate t-test to deter-
mine if the group means are significantly different.

Scores for Group 1 Scores for Group I1

13 12 14 13
13 11 12 15
10 8 10 12
11 14 11 10
12 10 13 14

2. A high school teacher was interested in determining
if mental practice would improve badminton serving
ability. He randomly selected ten subjects from a
population of students who had never played bad-
minton, taught the correct way to serve, and admin-
istered a short-serve test to them. He gave the
students instructions about mental practice and asked
them to mentally practice the badminton short-serve
10 minutes/day for 7 days. They were instructed not
to practice badminton in any other way. He then
tested the group again. Use the appropriate t-test to
determine if the group mean for the short-serve test
improved after mental practice.

Pre-test
Short-Serve

Post-test
Short-Serve

Subject Test Scores Test Scores
A 37 43
B 42 46
C 36 38
D 50 55
E 34 32
F 44 51
G 51 53
H 42 48
I 45 43
J 52 55



3. A physical fitness instructor was interested in com-
paring three cardiovascular fitness programs. After
three groups participated in the programs, she
measured the oxygen uptake (ml/kg/min) of all the
subjects. Use the appropriate ANOVA technique to
determine if the group means are significantly differ-
ent. If you find that there are significant differences
in the group means, use the HSD to identify which
means are significantly different.

Group I Group I1 Group III
46 47 49
46 50 51
48 50 50
47 48 49
50 49 52
48 47 53
47 51 49
51 50 52

. A weight-training instructor was interested in deter-
mining the effects of external motivation on muscu-
lar strength. After a group of ten individuals had
participated in a weight-training class for 15 weeks,
the instructor tested the group for maximum strength
on three different occasions. During one test, no
external motivation was provided. During the second
test, only the instructor shouted encouragement, and
during the third test, he arranged for several specta-
tors to shout encouragement. Use the appropriate
ANOVA technique to determine if there is a signifi-
cant difference in the group means of the tests. If
you find that there are significant differences in the
group means, use the HSD to identify which means
are significantly different.

No External Instructor Spectator
Subject Motivation Motivation Motivation
A 81 84 88
B 88 89 93
C 92 94 97
D 83 85 88
E 81 83 85
F 79 80 85
G 84 84 87
H 87 86 93
| 88 90 94
J 84 86 88

5. A golf instructor used different instructional methods

with three groups of females who were similar in age
and golf experience. She then tested their ability to
hit a golf ball for distance and accuracy with a 7-iron.
Use the appropriate ANOVA technique to determine
if there is a significant difference in the mean scores
of the three groups. If you find there are significant
differences in the group means, use the HSD to iden-
tify which means are significantly different.

Method I Method I1 Method II1
110 105 115
115 112 120
112 105 118
98 100 110
120 118 126
90 93 110
119 115 124
125 120 130
111 112 118
102 113 115
116 113 125
118 108 130

. The heart rate of twelve male college golfers was

monitored during a golf match. Use the appropriate
ANOVA technique to determine if their heart rates
were significantly different when preparing to hit the
drive, to hit approach shots to the green, and to putt.
If you find that there are significant differences in
the group means, use the HSD to identify which
means are significantly different.

Player Drive Approach to Green Putt

A 85 76 85
B 88 80 88
C 84 79 87
D 90 80 89
E 87 79 87
F 80 71 82
G 78 70 80
H 88 80 89
I 90 81 89
J 82 75 83
K 80 72 83
L 84 73 84

Investigating the Difference in Scores 55



- Chapter Review Questions -

1. Suppose a manufacturer of exercise equipment con-
ducted a study to determine if its abdominal exercise
apparatus developed abdominal strength more
quickly than similar equipment produced by a com-
petitor. Subjects of similar age (N = 100) were ran-
domly selected, comparable exercise programs
(intensity and duration) with the two apparatuses
were designed, and fifty subjects were randomly
assigned to each of the two exercise programs. After
participation in the two programs, the subjects were
tested for abdominal strength. The group using the
apparatus designed by the authors of the study had a
better score on the strength test, and the analysis
found a significant difference in the group means at
the .05 level.

a. What are the dependent and independent variables
in the study? (page 42)

b. What is the null hypothesis? (page 42)

c. If a two-tailed test is used, what is the alternative
hypothesis? If a one-tailed test is used, what is the
alternative hypothesis? (page 42)

d. Which t-test should be used? (page 44)

e. What are the degrees of freedom (number)?
(page 42)

f. How do you interpret the significant difference in
the means? (page 43)
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2. Two groups of male college freshmen participated in

a study to determine which training program best
developed leg power as measured by the vertical
jump. After participating in the training program,
both groups were administered the vertical jump test.
For group one, the X = 33 and the SEM = 2; for
group two, the X = 31 and the SEM = 2.5.

a. What are the limits of the 68% and 95% confi-
dence intervals for the means of both groups?
(pages 43—-44)

b. What are the limits of the 68% and 95% confi-
dence intervals for the standard error of the differ-
ence between the means? (page 44)

. Suppose the same study described in review question

1 was done with three groups and three abdominal
exercise apparatuses. All aspects of the study are the
same except for the addition of the third group.

a. Which statistical analysis should be used?
(pages 48—49)

b. If a significant difference is found in the three
means, what must be done to determine which
means are significantly different? (pages 49 and 51)



What Is a Good Test?

After completing this chapter, you should be able to

1. Describe criterion-referenced and norm-referenced measurement and state when it is

As a physical educator
you will often mea-
sure performances and
attributes of individuals
with a test, but it is irrespon-
sible to select a test ran-
domly. Before you select
atest, or possibly construct
your own test, consider
(1) whether criterion-
referenced measurement
or norm-referenced mea-
surement should be used
and (2) the criteria for
determining a good test—
validity, reliability, objec-
tivity, and administrative
feasibility.

appropriate to use each.

. Define validity and validity coefficient, and describe how the validity coefficient is deter-

mined.

. Describe how the criterion-referenced validity of a test can be determined through the use

of behavioral objectives or testing before and after instruction.

. Describe how domain-referenced validity and decision validity are used to determine

criterion-referenced validity.

. Define the three types of validity evidence for norm-referenced tests, provide examples of

each type, and describe how each may be estimated.

. Define reliability and describe the four methods for estimating the reliability of

norm-referenced tests.

. Define objectivity and describe how it may be estimated.

. Describe the features of administrative feasibility that should be considered when select-

ing or constructing a test.

Note: Many of the testing examples in this chapter refer to the school environment, but the cri-
teria for a good test also should be considered when testing in the nonschool environment.

Criterion-Referenced Measurement

Criterion-referenced measurement is used when individuals
are expected to perform at a specific level of achievement.
In this type of measurement, one individual’s performance
is not compared with the performance of others; a minimum
level of acceptable performance (referred to as eriterion be-
havior) is described. Most health-related physical fitness
tests use criterion-related measurement. In the teaching en-
vironment, criterion-referenced measurement involves the

use of behavioral objectives that describe the expected level
of performance of the individual. The following are exam-
ples of criterion-referenced standards:

* For successful completion of the running fitness
class, the student must be able to run 2 miles in 14
minutes or less and correctly answer 80% or more of
the fitness knowledge test questions.
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* For successful completion of the badminton class, the
student must correctly answer a minimum of thirty-
five questions on the knowledge test.

* To meet the YMCA Physical Fitness Test “good” stan-
dard for the bench press, the 18- to 20-year-old female
must perform twenty-eight to thirty-two repetitions.

* To meet the ACSM Fitness Test “average” standard
for the sit and reach test, the 40- to 49-year-old male
must score 11 to 16 inches.

Again, with this type of measurement the individual’s
performance is not compared with the performances of
other individuals.

In the medical profession, criterion-referenced standards
are used for the classification of health risks. For example,
individuals’ blood cholesterol values place them in low-risk,
moderate-risk, or high-risk levels for heart disease, and
blood pressure values above normal determine stages of
high blood pressure (hypertension).

Criterion-referenced measurement also can be used to
determine grades. For example, in a running fitness class
the grading standards for males might be as follows:

A: Run 2 miles in 13 minutes or less. Correctly an-
swer 90% or more of the fitness knowledge test
questions.

B: Run 2 miles in 13:01 to 13:30. Correctly answer
80% to 89% of the fitness knowledge test questions.

C: Run 2 miles in 13:31 to 14:00. Correctly answer
70% to 79% of the fitness knowledge test questions.

Determining what performance earns an A or any other
grade may be a problem. If you choose to use criterion-
referenced measurement for grading purposes, the stan-
dards should be well planned.

Criterion-referenced measurement has some limita-
tions. When a pass/fail standard is used, it does not show
how good or how poor an individual’s level of ability is. In
addition, when criterion-referenced measurement is used
by teachers, too often the standard for success is arbitrary.
Remember, we know that measurement may be used for
several reasons, so there will be occasions when criterion-
referenced measurement is appropriate. For example,
criterion-referenced measurement is used with the health-
related physical fitness tests described in chapter 15.
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Norm-Referenced Measurement

Norm-referenced measurement is used when you wish to
interpret each individual’s performance on a test in com-
parison with other individuals’ performances. This com-
parison is done using norms that enable the test
administrator to interpret an individual’s score in relation
to the scores of other individuals in the same population.
Examples of norms are percentiles, z-scores, and T-scores.
Very often norm-referenced measurement is used by
teachers to determine grades, but it may be used for other
reasons, such as to establish appropriate levels of achieve-
ment for criterion-referenced standards. Norms for tests
in physical education are usually reported by gender,
weight, height, age, or grade level. In selecting a test with
norms, the following factors should be considered:

1. The sample size used to determine the norms—in
general, more confidence can be placed in a large
sample.

2. The population used to determine the norms—for
example, if a basketball skills test has norms for
tenth-grade students, only tenth-grade students
should have been used to develop the norms. Varsity
basketball players or students in other grades should
not have been used.

3. The time the norms were established—norms should
be updated periodically.

Both criterion-referenced measurement and norm-
referenced measurement may be used in the measurement
of skills and knowledge. In your professional responsibili-
ties, you should recognize when it is appropriate to use each.

N ARE YOU ABLE TO DO THE FOLLOWING?

m Define criterion-referenced and norm-referenced mea-
surement?

Validity

Validity is the most important criterion to consider when
evaluating a test. Traditionally, validity is referred to as
the degree to which a test actually measures what it claims
to measure. For example, if a test is designed to measure



cardiorespiratory fitness, you must be confident that it
does so. Although the definition just given is commonly
used, validity refers more to the agreement between what
the test measures and the performance, skill, or behavior
the test is designed to measure. This means validity is
specific to a particular use and group. Consider cardiores-
piratory fitness and tennis ability. Although cardiorespira-
tory fitness may be a factor in a long tennis match, a
fitness test should not be used to determine tennis skill.
Also, a test might be valid for one age group, but not valid
for a different age group.

Because the validity of tests varies, the selection of one
test over another may depend on which test has the best evi-
dence to support its validity. This evidence is reported as the
validity coefficient. The validity coefficient is determined
through correlation techniques. The coefficient may range
from —1.00 to +1.00; the closer the coefficient is to +1.00,
the more valid the test. A test being used as a substitute for
another validated test should have a validity coefficient of
about 0.80 or more. A test being used for predictive purposes
may have a lower validity coefficient. Traditionally, predic-
tive tests with validity coefficients of .60 have been accepted.

Validity of Criterion-Referenced Tests

Criterion-referenced validity is related directly to prede-
termined behavioral objectives. The objectives should be
stated in a clear, exact manner and be limited to small seg-
ments of the unit of instruction. To estimate the validity of
a knowledge test, you should construct the items to paral-
lel the behavioral objectives, and there should be several
items for each objective. The validity of each group of
items is subjectively estimated by how well they measure
the behavioral objective.

A second method requires testing before and after in-
struction. Validity is accepted if there is significant im-
provement after instruction or if the behavioral objectives
are mastered by an acceptable number of individuals. This
method may be used for knowledge and physical per-
formance tests.

The success of criterion-referenced testing depends on
the predetermined standard for success. The standard for
success should be realistic but high enough that the indi-
viduals are ready for the next level of instruction. If the
individuals perform successfully at the next level, you can
feel confident about the validity of a test.

Domain-referenced validity evidence and decision
validity evidence are two techniques frequently used to
establish validity evidence for criterion-referenced tests.
The word domain is used to represent the criterion behav-
ior. If the items, or tasks, on a test represent the criterion
behavior, the test has logical validity evidence. This logi-
cal validity evidence is referred to as domain-referenced
validity.

The following example shows how domain-referenced
validity could be determined for a topspin tennis serve
test:

1. The topspin tennis serve form (technique) is analyzed
(see table 7.1 on page 83).

2. The most important components of the serve form are
selected to be included in the criterion behavior.

3. Successful performance is defined—for example,
form, number of successful serves out of attempted
serves, and placement and speed of serves.

If this procedure were followed for the tennis forehand
or backhand strokes, court position would need to be de-
termined as well as how the ball would be presented to the
test taker. (Will someone throw the ball, or will someone
hit it?) A similar procedure could be followed to establish
domain-referenced validity for any skill test.

Decision validity evidence is used when a test’s pur-
pose is to classify individuals as proficient (masters) or
nonproficient (nonmasters) of the criterion behavior.
With mastery testing, a cutoff score is identified, and in-
dividuals scoring above the cutoff score are classified as
proficient. Individuals scoring below the score are classi-
fied as nonproficient.

Safrit and Wood (1989) and Baumgartner et al. (2007)
describe procedures for estimating decision validity evi-
dence. You may wish to refer to these descriptions.

Validity of Norm-Referenced Tests

Remember, validity refers to the degree to which a test
measures what it claims to measure. For norm-referenced
tests, three types of validity evidence may be reported.
The validity of a test is better accepted if more than one
type of strong validity evidence is reported for the test.
However, if different types of validity evidence are reported,
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it is unlikely that the validity coefficients will be the same.
The three types of validity evidence for norm-referenced
tests are content validity, criterion validity, and con-
struct validity.

Content Validity. Content validity evidence is related to
how well a test measures all skills and subjects that have
been presented to the test takers. To have content validity,
a test must measure the objectives for which the test tak-
ers are held responsible. As the test administrator, you
should administer tests that sample the subject matter or
skills the tests takers are expected to master. This means
that regardless of how long or short the test is, it should
measure stated objectives. More than likely you would
have no problem constructing a test of 150 items that
measures a group’s knowledge of all the subject matter
that has been presented, but such a test may be too long
for the group to complete. To have content validity, the
test must be reduced to a realistic number of items and
still represent the total content of a longer test. Content
validity evidence also is expected of performance tests. A
performance test should measure the skills or abilities
emphasized to a group.

Content validity evidence for most self-made tests is a
subjective judgment, but asking yourself, “Does the test
measure what the test takers have been taught?” will pro-
vide you with a good estimate of content validity. Content
validity evidence also may be provided through the use of
experts in the area that you are testing. For example,
known tennis experts may be asked to identify tennis
skills essential to tennis play and also determine test items
to measure those skills.

Content validity evidence is sometimes called logical,
or face, validity evidence. A test is considered to have
logical validity evidence when it appears to measure a
trait, skill, or ability logically. The developers of many
physical performance tests have claimed logical validity
evidence for their tests. In this textbook you will observe
logical validity evidence reported for agility, balance,
flexibility, and muscular strength and endurance tests. For
example, the sidestepping test (page 107), the sit and
reach test (page 139), and the sit-ups test (page 156) are
tests in which logical validity is reported.

When possible, it is best to use content validity evi-
dence with other validity evidence. A written test may be
based on unit objectives, but it may contain too few or too
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many questions related to one or two objectives. Also, an
item may appear to measure a physical component but ac-
tually not do so. For example, the sit and reach test ap-
pears to measure hamstring and lower back flexibility, but
some research has not supported this assumption.

Criterion Validity. Criterion validity evidence is indi-
cated by how well test scores correlate with a specific cri-
terion (successful performance). As previously stated, the
closer the correlation coefficient is to +1.00, the more
valid the test. Criterion validity may be subdivided into
predictive validity (future performance) and concurrent
validity (current performance).

Predictive Validity. When you wish to estimate future
performance, you are concerned with predictive validity
evidence. In general, predictive validity evidence is ob-
tained by giving a predictor test and correlating the crite-
rion measure (obtained at a later date). In the teaching
environment, the later date is often after an instructional
unit; in physical performance, the later time could be af-
ter years of development.

The predictor test is the instrument used to measure the
trait or ability of individuals. A sport skills test, or some
other type of physical performance, is an example. The
criterion measure is the variable that has been defined as
indicating successful performance of a skill. The defini-
tion of successful performance is an important factor or
consideration in the establishment of predictive validity
evidence. College entrance tests are used as predictor
tests, with the criterion measure being success in college.

Concurrent Validity. Concurrent validity evidence might
be called immediate predictive validity. It indicates how
well a test measures the current level of skill or knowl-
edge of an individual. Concurrent validity evidence is de-
termined by correlating test results with a current criterion
measurement rather than future information; a test and the
criterion measurement are administered at approximately
the same time. This procedure is often used to estimate the
validity of a test (how well the test measures what it
claims to measure).

Criterion Measure. An important consideration in the
estimation of criterion validity evidence (predictive or
concurrent) is the choice of the criterion measure. Three
criterion measures are used most often.



1. Expert ratings: With this procedure, a panel of ex-
perts is asked to determine successful performance. A
sport skills test is an example. Suppose a volleyball
coach wishes to determine if a particular skills test
can predict future performance of her players. She
administers the test early in the season and asks a
panel of volleyball experts to observe the team during
games throughout the season and rank or rate the
players’ performances (the criterion measure). With
the rank procedure, the players are ranked from the
best to worst player. With the rating procedure, a
point scale is used. Much as in diving and gymnastics
competition, the players are assigned points based on
their degree of success. (The use of a rating scale is
described in chapter 7.) At the completion of the
season, the coach then correlates the average of the
experts’ ranks or ratings with the skills test adminis-
tered at the beginning of the season to estimate the
predictive validity of the skills test. Expert ratings or
rankings were used to estimate the criterion validity
correlation coefficient for several tests described in
this textbook—such as the Scott and French long-
serve test (page 250), the racquetball skills test (page
253), and the McDonald soccer test (page 264).

2. Tournament play: If the test measures a sport skill,
the scores can be correlated with tournament play.
It is better to use a round-robin tournament because
it provides the opportunity for the more skilled
players to win. If the test is valid, the test takers
who score well on the test will also place high in
the tournament, and those who do poorly on the test
will place low in the tournament. Tournament play
was used to estimate the criterion validity correla-
tion coefficient for several performance tests
described in this textbook—such as the French
short-serve test (page 249) and the Poole forehand
clear test (page 250).

3. Previously validated test: The scores on a new test
can be correlated with the scores from a previously
validated test. This procedure often is used to es-
tablished concurrent validity evidence for a test
that requires less equipment and/or time than other
tests. To illustrate, consider the following. Maxi-
mum oxygen consumption is best measured
through expired gas analysis during performance

on a treadmill (equipment and time). However, the
12-minute running test (page 125) is highly corre-
lated with the treadmill test, so the run can be used
to estimate the maximum oxygen of individuals.
Also, we are able to use skinfold measurements to
estimate body fat percentage because the sums of
skinfold measurements correlate highly with the
estimation of body fat percentage through under-
water weighing. Previously validated tests were
used to estimate the criterion validity correlation
coefficient for several tests described in this
textbook—such as the SEMO agility test (page
109) and the Queens College step test (page 130).

Construct Validity. Construct validity evidence refers to
the degree that the individual possesses a trait (construct),
presumed to be reflected in the test performance. Anxiety,
intelligence, and motivation are constructs. These quali-
ties cannot be seen with the human eye, yet an individual
who possesses one of these characteristics is expected to
behave in a certain way. Construct validity evidence ap-
plies to testing by the physical educator. The term car-
diorespiratory fitness may be classified as a construct.
Cardiorespiratory fitness tests are often based on the as-
sumption that certain measures, such as differences in
pulse rates or the ability to run a distance in a specified
time, reflect cardiorespiratory fitness. That is, the indi-
vidual with good cardiorespiratory fitness will have a
lower pulse rate after physical exertion and will perform
better on a running test than the individual with poor car-
diorespiratory fitness. Construct validity evidence also
applies to the measurement of sports skills. A tennis in-
structor assumes that when the individual learns the skills
of the serve, the forehand and backhand, the overhead
smash, and the volley, he or she will be able to put all the
skills together and play tennis. These skills are measures
of the overall construct of ability to play tennis. If a test
includes items that measure these skills, it has construct
validity evidence.

Construct validity evidence can be demonstrated by
comparing higher-skilled individuals with lesser-skilled
individuals. Again, consider a tennis skills test that is ad-
ministered to both a tennis class and a varsity tennis
team. With a test that has construct validity, the varsity
players will most likely score higher than the members of
the class.
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Factors Affecting Validity

The validity of a test may be affected by several factors.

Four of these factors are as follows:

1. The characteristics of the test takers: A test is
valid only for individuals of age, gender, and
experience similar to those on whom the test
was validated.

2. The criterion measure selected: Several measures
have been presented for estimating the validity evi-
dence of a test. If all measures are correlated with the
same set of scores, different correlation coefficients
will be found.

3. Reliability: A test must be reliable to be valid. This
concept is illustrated in the discussion of reliability
later in this chapter.

4. Administrative procedures: If unclear directions are
given, or if the test takers do not all perform the test
in the same way, the validity will be affected. Envi-
ronmental factors (e.g., heat and humidity) also may
affect validity.

N ARE YOU ABLE TO DO THE FOLLOWING?

= Define validity evidence and validity coefficient, and
describe how the validity coefficient is determined?

= Describe the procedures for determining criterion-
referenced validity?

= Define the three types of validity evidence for norm-
referenced tests, provide examples of each type, and
describe how each may be estimated?

= |ist four factors that affect validity?

Reliability

Reliability refers to the consistency of a test. A reliable
test should obtain approximately the same results re-
gardless of the number of times it is given. A test given
to a group of individuals on one day should yield the
same results if it is given to the same group on another
day. Of course, some individuals may not obtain the
same score on the second administration of a test be-
cause fatigue, motivation, environmental conditions,
and measurement error may affect the scores. However,
the order of the scores will be approximately the same if
the test has reliability.

For a test to have a high degree of validity, it must
have a high degree of reliability. If test scores are not
reliable, the validity of a test is limited. Imagine ad-
ministering a test that measures the ability to hit the
golf ball for distance to a beginning golf class. Many
individuals will have a good score on one attempt but a
poor score on another attempt. This lack of consistency
influences the validity of the test, though high reliabil-
ity does not necessarily mean high validity. A test may
be consistent, but it may not measure what it claims to
measure.

There are several methods to determine reliability,
and all are reported in terms of a correlation coefficient
that ranges from —1.00 to +1.00. The closer the coeffi-
cient value is to +1.00, the greater the reliability of a
test. Some tests will have greater reliability than others.
Physical performance tests of running, jumping, and
throwing generally have high reliability coefficients,
whereas tests such as the tennis serve, badminton serve,
and chip shot (in golf) usually have lower reliability co-
efficients. The lower coefficients are due to subjective
judgment when declaring if an object landed within the
marked boundaries.
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= Validity is the single most important consideration in the selection of a test, and you
should administer only tests for which you have confidence in the validity. However,
no testis ever valid in all situations or circumstances. You must consider the purpose
of the test and the population for which the test is to be used.
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Reliability of Criterion-Referenced Tests

The reliability of criterion-referenced tests is defined as
consistency of classification, or how consistently the test
classifies individuals as masters or nonmasters. Ebel
(1979) states that the reliability of criterion-referenced
tests can be determined in much the same way as the reli-
ability of norm-referenced tests—that is, test-retest, par-
allel forms, split-half, or Kuder-Richardson formulas.
One important difference, however, is that whereas norm-
referenced reliability applies to the total test score,
criterion-referenced reliability applies to a single cluster
of items (each cluster is intended to measure the attain-
ment of a different objective). In other words, several re-
liability coefficients, one for each cluster, will be
estimated for a criterion-referenced test.

The reliability of criterion-referenced tests may also be
estimated through the proportion of agreement coeffi-
cient. With this procedure, a test is administered to a
group; on the basis of the results of the test scores, each
individual is classified as a master or a nonmaster. On an-
other day, the group is administered the same test, and
again each individual is classified as master or nonmaster.
The proportion of agreement is determined by how many
group members are classified as masters on both test days
and how many group members are classified as nonmas-
ters on both test days. Some classifications during the two
test days may occur because of chance. The coefficient
kappa technique may be used to correct for chance agree-
ment. Refer to Safrit (1986) and Safrit and Wood (1989)
for a description of this procedure.

Reliability of Norm-Referenced Tests

Four methods of estimating the reliability of norm-
referenced tests are presented here: test-retest, parallel
forms, split-half, and Kuder-Richardson Formula 21.

Test-Retest Method. The test-retest method requires two
administrations of the same test to the same group of in-
dividuals, with the calculation of the correlation coefficient
between the two sets of scores. The product-moment cor-
relation method or analysis of variance (intraclass corre-
lation coefficient) may be used to calculate the coefficient.
In the school environment the greatest source of error in the
test-retest reliability estimate is changes in the students
themselves. If knowledge tests are being administered,

they are aware of the questions that will be asked on the
retest and the answers they provided on the first test. The
students also may have discussed the test. When a long in-
terval of time elapses between the test and retest, matura-
tional factors may influence the results of the retest,
especially on physical performance tests. The appropriate
time interval between administration of tests is sometimes
difficult to determine. It could be as short as one day, or
as long as several months, but if the test-retest method is
used to estimate the reliability coefficient, the time inter-
val must be considered.

Parallel Forms Method. The parallel forms method re-
quires the administration of parallel or equivalent forms
of a test to the same group and calculation of the correla-
tion coefficient (product-moment or intraclass correlation
coefficient) between the two sets of scores. Often, both
forms are administered during the same test period or in
two sessions separated by a short time period. The pri-
mary problem associated with this method of estimating
reliability is the difficulty of constructing two tests that
are parallel in content and item characteristics.

If the two tests are administered within a short time of
each other, learning, motivation, and testing conditions do
not influence the correlation coefficient. The reliability of
most standardized tests in education is estimated through
this method.

Split-Half Method. When the split-half method is used, a
test is split into halves and the scores of the two halves are
correlated. This method requires only one administration
of the test and does not require construction of a second
test. A common practice is to correlate the odd-numbered
items with the even-numbered items. (This method as-
sumes that all individuals being tested will have time to
complete the test, so it is not appropriate when speed of
completion is a factor in the test.)

The reliability coefficient calculated by this method is
for a test of only half the length of the original test. Be-
cause reliability usually increases as a test increases in
length, the reliability for the full test needs to be esti-
mated. The Spearman-Brown formula is often used for
this purpose. The formula is

2 X reliability on half test

Reliability of full test = 1 + reliability on half test
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If the reliability between the two halves is found to be
+.80, the reliability of the full test will be found as follows:

o _2X.80 _ 1.60 _
Reliability of full test = T+ 30 180 .89

Though the split-half method may produce an inflated
correlation coefficient, it is frequently used to estimate re-
liability coefficients for knowledge tests. It also can be
used for some skills tests in which the odd and even trials
are correlated.

Kuder-Richardson Formula 21. There are many ways to
split a test to compute “half-test” scores for correlational
purposes. For each split, however, a different reliability co-
efficient probably would be obtained. Kuder and Richard-
son developed a formula, K-R 20, that estimates the average
correlation that might be obtained if all possible split-half
combinations of a group of items were correlated. Two ba-
sic assumptions of the Kuder-Richardson formula are
(1) the test items can be scored 1 for correct and O for wrong;
and (2) the total score is the sum of the item scores. As was
indicated with the split-half method, the Kuder-Richardson
formula should not be used with a test in which speed of
completion is a factor. Since K-R 20 requires much compu-
tation, the simpler formula, K-R 21, is often used to provide
a rough approximation of K-R 20. The K-R 21 formula is

h = D (1_ X(n—X)]

n-—1 n(sz)

number of items

test mean (average number of items correct)

%o X B
Il

test variance (variance of items answered
correctly)

To illustrate the use of this formula, assume that

n=50,X =40, and s* =25
@(1_40(50—40))

R =9 50(25)
;a0
400"~ 1,000
—1.02(1— 40)

I =1.02(.60)=.61
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Though K-R 21 is widely used, it gives a conservative es-
timate of reliability when the test items vary in difficulty,
as they often do.

Factors Affecting Reliability

The reliability of a test may be affected by many factors,
including the following:

1. The method of scoring: The more objective the test,
the higher the reliability. A discussion of objectivity
follows.

2. The heterogeneity of the group: Coefficients based
on scores from fifteen-year-olds will probably be
smaller than those based on a similar-sized group
that includes fourteen-, fifteen-, and sixteen-year-
olds. Therefore, when the reliability coefficient of a
test is based on test scores from a group ranging in
abilities, it will be overestimated. If you wish a test
to measure a particular skill of fifteen-year-olds, the
reliability coefficient of the test should be based on
fifteen-year-old individuals. When you read back-
ground information about a standardized test, note
the heterogeneity of the group on which the reliabil-
ity was estimated.

3. The length of the test: The longer the test, the greater
the reliability. This relation is true of physical per-
formance and knowledge tests. Remember, we used
the Spearman-Brown formula to demonstrate that the
reliability coefficient for a whole test was larger than
the reliability coefficient for one-half of the test.

4. Administrative procedures: The directions must be
clear; all test takers should be ready to be tested, be
motivated to do well, and perform the test in the same
way; and the testing environment should be favorable
to good performance.

BN ARE YOU ABLE TO DO THE FOLLOWING?
Define reliability?

Determine the reliability of a test through the test-retest,
parallel forms, split-half, and Kuder-Richardson Formula
21 methods?

m List four factors that affect the reliability of a test?




To be a valid test, the test must have high reliability.
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= Areliable test may not be valid, but without reliability the validity of a test is limited.

Objectivity

A test has high objectivity when two or more persons can
administer the same test to the same group and obtain ap-
proximately the same results. Objectivity is a specific
form of reliability and can be determined by the test-retest
(with different individuals administering the test) correla-
tional procedure. Certain forms of measurement are more
objective than others. True-false, multiple-choice, and
matching tests have high objectivity when scoring keys
are available, whereas essay tests have very low objectiv-
ity. Measurements of jumping ability, free-throw shoot-
ing, throwing for distance, and success in archery are
objective, but judgments of the quality of performance in
gymnastics, diving, and figure skating are not.

Objectivity is more likely when the following factors
are present:

1. Complete and clear instructions for administration
and scoring of the test are given.

2. Trained testers administer the test. All testers must
administer the test in the same way.

3. Simple measurement procedures are followed. If the
measurements are complicated, mistakes are more
likely to occur.

4. Appropriate mechanical tools of measurement are
used. Use of appropriate measurement tools de-
creases the chances for measurement errors.

5. Results are expressed as numerical scores. Scores
expressed in phrases or terms are less likely to reflect
objectivity.

N ARE YOU ABLE TO DO THE FOLLOWING?

= Define objectivity?

= Determine the objectivity of a test?

= List the factors that provide for objectivity?

Administrative Feasibility

Administrative feasibility, along with validity, reliability,
and objectivity, must be considered when selecting or
constructing a test. In fact, if two tests are fairly equal in
validity, reliability, and objectivity, the following admin-
istrative considerations may determine which test you
should choose:

1. Cost: Does the test require expensive equipment that
you do not have or cannot afford to purchase?

2. Time: Does the test take too much instructional time?
Many authorities recommend that testing use no more
than 10% of total instructional time. A test that re-
quires several class or group meetings to administer
may not be feasible to administer.

3. Ease of administration: (a) Do you need assistance to
administer the test? If so, do you train assistants or
ask other instructors to assist you? The training of
student testers usually requires much time, but it is
essential that whoever administers the test be quali-
fied to do so. (b) Are the instructions easy to follow?
The test takers should be able to understand the direc-
tions, and regardless of who administers the test, the
results should be the same. (¢) Is the test reasonable
in the demands that are placed on the test takers?
They should not be ill or sore after taking the test.

4. Scoring: Will the services of another individual
affect the objectivity of the scoring? In an effort to
duplicate the actual activity, some tests require the
services of another individual (e.g., in some tennis
tests, the ball is hit to the person being tested; in
softball hitting, the ball is pitched to the hitter). Tests
such as these have a place in the measurement of
skill, but the helper should be qualified to perform
the services. The scoring of the test should not
hinder the differentiation among the levels of ability.
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5. Norms: Are norms available to compare your test
takers with others? If your test takers score well be-
low published norms, you should attempt to deter-
mine the reason. When published test norms are
used, the factors described in the discussion of norm-
referenced measurement should be considered. As a
teacher, you may wish to establish local norms to
reflect the progress your students have made in a
particular program.

One final comment about a good test: When selecting
a sport skills test, try to find a test that is similar to game
performance. Individuals enjoy taking this type of test
more than taking one that has no resemblance to the game
skill for which they are being tested. The use of this type
of test is an important component of authentic assess-
ment, which is described in chapter 7.

BN ARE YOU ABLE TO DO THE FOLLOWING?

= Describe the administrative criteria that should be con-
sidered in the selection and construction of tests?

You should now feel capable of selecting good physi-
cal performance and knowledge tests. Complete the re-
view problems, and then we’ll begin to prepare you to
construct knowledge tests.

Review Problems

1. Describe how you might use criterion-referenced
measurement in a seventh-grade soccer class.

2. Select three sports skills tests and three other physi-
cal performance tests (e.g., agility, physical fitness,
balance) described in this book and determine how
well they meet test selection criteria.

1. What is the difference between criterion-referenced
measurement and norm-referenced measurement?
(pages 57-58)

2. What are content validity, criterion validity, and con-
struct validity? (pages 58-59)

3. What is meant when a test is described as having
good reliability? (page 62)

4. Can a test have a high degree of validity without a
high degree of reliability? (page 62)

5. Suppose you are employed as a fitness instructor and
your responsibilities include the conduction of a pro-
gram for fifty- to fifty-nine-year-old adults. After the
participants have completed a 3-month exercise
program, you administer the ACSM fitness test
(page 265) to them. You advise the female partici-
pants that everyone who is able to perform six to
fourteen push-ups will meet the average standard.
Are you using criterion-referenced measurement or
norm-referenced measurement? (pages 57-58)
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6. In your job as a fitness instructor, you are told to
select test items that will measure cardiorespiratory
fitness, muscular strength and endurance, flexibility,
and body fat percentage. What criteria should you
consider in making your selection? (pages 58—66)

7. Which type of validity evidence would be used in the
following examples?

a. A teacher uses the unit objectives to develop a
knowledge test. (page 60)

b. A company designs a new instrument for the
measurement of body fat. How could the validity
evidence be determined? (page 61)

c. A basketball coach develops a basketball skills test
to help him determine who the best players are.
How could the validity evidence be determined?
(page 61)

8. In review question 7b, how would the company
determine the reliability and objectivity of the new
instrument? (pages 63 and 65)



Construction of Knowledge Tests

Because many good
standardized  psy-

chomotor tests are avail-
able, you may construct
only a few of these tests
while performing your
responsibilities as a phys-
ical educator. The same
cannot be said of knowl-

. Conduct item analysis.
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items.

After completing this chapter, you should be able to

1. List and describe the steps for knowledge test construction.
. Construct a table of specifications and explain its use.
. State the purposes of item analysis.

. Define item difficulty, index of discrimination, and response quality.

. Contrast the advantages and disadvantages of various test items.

. Construct true-false, multiple-choice, short answer, completion, matching, and essay test

edge tests. (The term
knowledge test refers to
tests that measure the cognitive domain—that is, thought
processes.) If you enter the teaching profession, you
likely will construct many types of knowledge tests
throughout your career. If your responsibilities are in a fit-
ness or wellness club, there probably will be occasions
when you will wish to determine the club members’
knowledge of health-related matters. The information that
you gather from the tests can help you determine the
needs of the members and plan appropriate programs.

As you gain experience in constructing knowledge
tests, it will be less difficult to complete the task. How-
ever, at no time should you feel that a test can be con-
structed within a few minutes or the night before it is to
be administered. It takes time and planning to construct a
good knowledge test. You can expect only problems from
a haphazard test. In addition, a poorly constructed test
will not adequately fulfill the reasons for measurement, as
described in chapter 1.

Steps in Construction of a Test

There is more to test construction than writing the items.
To construct a good test, you should follow these five
steps: test planning, test item construction, test adminis-
tration, item analysis, and item revision. Guidelines for
these five steps, as well as construction of various types
of objective items and essay items, are covered in this
chapter.

Test Planning

The first step in planning test items is to consider con-
tent validity. The test should be representative of the in-
structional objectives and the content presented in the
unit of instruction. The test should measure how well
the students have fulfilled the objectives of the instruc-
tional unit.

67



» + « POINT OF Y11 AN NI

= Remember that objectivity refers to the scoring of a test. Objective test items can be
scored by one or more people and approximately the same results or score will be
obtained. The same cannot be said about essay items.

With the unit objectives in mind, you should next de-
velop a table of test specifications, which serves as an
outline for construction of the test. Planning and adhering
to a table of test specifications ensure that all material is
covered and that the correct weight is given to each area.
The table of test specifications indicates the following:

» Kinds and number of test items.

» Kinds of thought processes the items will present and
number of each kind of task.

¢ Content area and number of items in each area.

(Some teachers also include an estimate of item diffi-
culty.) Table 6.1 is an example of specifications for a vol-
leyball test.

The most commonly used kinds of objective items are
multiple-choice, true-false, matching, and completion.
The total number of test items is usually determined by
the length of the class period, the length of the items, the
difficulty of the items, the conditions under which the test
is to be administered, and the age of the students. Students
should have time to attempt to answer all of the items

when working at a normal rate. You might estimate that
the slowest student will be able to answer multiple-choice
items at the rate of one per minute and true-false items at
the rate of two per minute. As you administer similar tests
to similar groups, your ability to estimate the time needed
to complete a test will improve.

Several thought processes may be included on a test.
Bloom’s classification (1956) of cognitive behavior re-
mains the most popular system of delineating the types
and levels of thought processes. The six levels of Bloom’s
classification, listed in table 6.2, vary in complexity from
the simplest (knowledge) to the most complex (evalua-
tion). You must decide if you only want a factual infor-
mation test. Certainly it is easier to construct factual
information items. If you attempt to construct the test
items in a short period of time, you probably will put to-
gether this type of test. Though there is a need for items
that measure knowledge, a good test will include various
kinds of tasks. With adequate planning and practice, you
can develop the skill to write a test with such variety.
When you plan the test specifications, plan for different
kinds of tasks and the number of items for each task.

TABLE 6.1 Specifications for a 50-Item Multiple-Choice Volleyball Test
Task
(Number of Questions and Percentages of Total)
Content Area Knowledge Comprehension Analysis Application
History 2 (4%)
Rules 5(10%) 5(10%) 5(10%)
Technique 2 (4%) 5(10%) 8 (16%)
Offensive strategy 4 (8%) 5(10%)
Defensive strategy 4 (8%) 5(10%)
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TABLE 6.2 Bloom’s Classification of Thought Processes
(Cognitive Behavior)

—_

. Knowledge (simplest): remember, recall facts.

2. Comprehension: lowest level of understanding; interpret and
determine implications, consequences, and effects.

3. Application: use the knowledge and understanding in real sit-
uation.

4. Analysis: separate whole into parts; see their relationships
and the way they are organized.

5. Synthesis: rearrange; put parts and elements together to
arrange a new whole.

6. Evaluation (most advanced): make judgments about value of

information and ideas.

The content area deals with the areas covered during
instruction. In a physical activity class, content might in-
clude such things as history, terminology, rules, equip-
ment, technique or mechanical analysis, strategy, and
physiological benefits of participation. Before you begin
construction of a test, plan the content areas and the num-
ber of items for each area. Too often physical education in-
structors spend only part of one class period describing the
history of an activity and later administer a test that in-
cludes many historical questions. A good physical activity
class test will include items dealing with rules, equipment,

technique, and strategy.

Item difficulty, which is determined by the proportion
of students who pass the item, should be related to the
purpose of the test. It can be determined only after a test
has been administered, and the ability to estimate it im-
proves with experience. (Item difficulty will be discussed

later in the section on item analysis.)

Observe table 6.1 again. Notice that fifteen items are
related to the rules of volleyball, but only five of the fif-
teen items are concerned directly with knowledge. The
other ten items cover comprehension and application of

the rules.

Test Item Construction

Regardless of the type of test items you construct, observe
the following general guidelines:

1.

Allow enough time to complete the test construction.
Put it aside after a few hours and work with it again a
day or two later. It is rare that anyone is able to con-
struct a good test without time to revise the items.

. No item should be included on a test unless it covers

an important fact, concept, principle, or skill. Ask
yourself three questions before you write the item:
Why is the student responsible for this? What is the
value of this point? What future benefit will it have?

. Items should be independent of each other. This means

that you should avoid items that provide answers to
other items; correctly answering one item should not
depend on correctly answering a previous item.

. Write simply and clearly. Using correct grammar is

essential, but try using terms and examples that the
students understand. Avoid obvious, meaningless, and
ambiguous terms. Textbook wording should be used
rarely. The item should test the students’ ability as re-
lated to the subject matter, not their ability to inter-
pret the item.

. Be flexible. As a general rule the test should include

more than one type of item. No one item is best for
all situations or all types of material. Also, some stu-
dents can better demonstrate their ability on certain
types of items. (When using more than one type of
item, place all items of a particular type together.)

. If easy items are to be part of the test, place them at

the beginning. When students have difficulty with the
first few questions, they often are unable to concen-
trate on the remainder of the test. Easier items will
build the students’ confidence.

is to prepare a good test.

el b NGB EVIPHASIS - - -

= |tisimportant to develop a table of specifications before you begin construction of
your test items. It is your roadmap. It will aid you in reaching your destination, which
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7. As you construct the items, record the test number of
each item in the table of test specifications. (For ex-
ample, the numbers of the items that cover knowl-
edge of history, application of rules, analysis of
technique, and other content areas and tasks are
recorded in the appropriate row and column of the
table.) You may find that you want to change some of
the specifications, but remember to monitor the con-
tent area and task of each item.

8. Prepare clear, concise, and complete directions. Leave
no doubt as to how the items are to be answered.

9. Ask other instructors to review the test. If they have
problems with the wording of an item, it is likely the
students will have problems also.

Test Administration

If you have correctly followed the preceding guidelines
and also observe the following ones, you likely will have
few problems during test administration:

1. Provide a typed copy of the test. It is annoying to
have to interpret handwriting when taking a test.

2. Start the test on time. If you have constructed a test
that requires approximately 50 minutes to complete,
make sure the students have 50 minutes.

3. Be sure the test is administered under normal condi-
tions. Whether you consider the test easy or difficult,
it is not fair to the students to have to take the test un-
der abnormal conditions.

4. Read the directions to the students. In their haste to
begin the test, many students will begin before read-
ing the directions.

Item Analysis

After you have administered and scored the test, you are
ready to determine the quality of the items through a sta-
tistical procedure called item analysis. Item analysis
serves the following purposes:

 Indicates which items may be too easy or too difficult.

 Indicates which items may fail to discriminate clearly
between the better and poorer students for reasons
other than item difficulty.
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» Indicates why an item has not functioned effectively
and how it might be improved.

» Improves your skills in test construction.

The exact procedures used in item analysis depend on the
type of items and test, the number of test takers, the com-
putational facilities available, and the purpose of analysis.
More confidence can be placed in item analysis when 100
or more tests are analyzed, but you can obtain an indication
of the quality of the items through analysis of a smaller
number of tests. Most item analyses are concerned with
item difficulty, discrimination power, and response
quality. The first three steps in item analysis are as follows:

1. Arrange the scored tests in order from high score to
low score.

2. Determine the upper 27% of the test scores and place
them in one group. Do the same for the bottom 27% of
the test scores. These groups are referred to as upper
group (UG) and lower group (LG). Although upper
and lower groups of 27% are considered the best for
maximizing the difference between the two groups,
any percentage between 25% and 33% may be used.

3. Tally the number of times the correct response to
each item was chosen on the tests of each group.

Item Difficulty. Item difficulty is defined as the proportion
of test takers who answer an item correctly. If upper and
lower groups are not formed, the difficulty index (p) may
be found by dividing the number of test takers correctly an-
swering each item by the total number taking the test.

_ number answering correctly

total number in group

If fifty students completed a test and thirty-one correctly
answered an item, the item difficulty would be .62.
31
=—=.02
P=50

Another acceptable method for determining the diffi-
culty index requires the use of upper and lower groups.

_ number correct in UG + number correct in LG

number in UG + number in LG



If the number of test takers who answered correctly in the
upper group is 16, the number who answered correctly in
the lower group is 7, and the total number of test takers in
each group is 20, the item difficulty is

16+7 23

p=—— =2 =58
20420 40

Since it is necessary to separate the test scores into upper
and lower groups to determine the index of discrimina-
tion, you may prefer to use the second method to deter-
mine item difficulty. You should note that an easy item has
a high index and a difficult item has a low index.

The typical norm-referenced test includes items with a
range of difficulty, but the average test item difficulty
should be around 50%. The difficulty for criterion-
referenced tests is established at the minimum proficiency
level, and, ideally, every student should pass every item at
the end of the instructional unit. Because this is an unre-
alistic goal, however, items on criterion-referenced tests
are usually constructed so that at least 80% to 85% of the
students are expected to pass.

Interpretation of item difficulty is not always an easy
task. The item may be easy either because its construction
makes the answer obvious or because the students have
learned the material in the item. On the other hand, it may
be difficult either because it is constructed poorly or be-
cause the students have not learned the material. You
should consider all of these things if the item difficulty in-
dicates the item is unacceptable as it has been presented
to the students. Table 6.3 shows the indexes that may be
used to evaluate item difficulty.

TABLE 6.3 Evaluation of Item Difficulty

Difficulty Index Item Evaluation

.80 and higher Reject item.

71-79 Accept if index of discrimination is
acceptable, but revise if
discrimination is marginal.

.30-.70 Accept item.

.20-.29 Accept if index of discrimination is

acceptable, but revise if
discrimination is marginal.

.19 and below Reject item.

Item Discrimination. Item discrimination determines
how well the item differentiates between the good student
and the poor student. If the item discriminates, more stu-
dents with high scores will answer the item correctly than
will students with low scores. The index of discrimination
(D) is found by subtracting the number of correct re-
sponses of the lower group from the number of correct re-
sponses of the upper group and dividing the difference by
the number of scores in each group. The formula is

D= number correct in UG — number correct in LG

number in each group

With the same values that were used previously to deter-
mine an item difficulty of .58, the index of discrimination is
16279 s
20 20

The index of discrimination can range from +1.00 to
—1.00, but rarely do these extremes occur. A negative in-
dex indicates that more students in the lower group an-
swered the item correctly than did students in the upper
group. An item with a negative index has no place in a test.
Generally, an index of .40 or above on a norm-referenced
test indicates that the item discriminates well. Table 6.4
lists the rules for evaluating the index of discrimination for
norm-referenced tests.

The usual item discrimination indexes will not work
for criterion-referenced tests. One possible way to iden-
tify discriminating items for such tests is to administer the

TABLE 6.4 Evaluation of Index of Discrimination

Index of Discrimination Item Evaluation

.40 and above
.30-.39

[tem discriminates; accept item.

Item provides reasonably good
discrimination; may need
improvement, particularly if
item difficulty is marginal.

.20-.29 [tem provides marginal

discrimination; consider revision.

below .20 [tem does not discriminate;

reject item.

Source: R. L. Ebel, Essentials of educational measurement, 3d ed.,
Englewood Cliffs, N.J.: Prentice Hall, 1979.
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same item before instruction (pre-test) and after instruc-
tion (post-test). Before instruction, few students should
answer the item correctly, but after instruction most stu-
dents should answer it correctly. If there is a large differ-
ence in the proportion of correct answers from pre-test to
post-test, the item discriminates.

A test item with a difficulty index between .30 and .70
has a good chance of being a discriminating item, but you
should not assume this always to be true. Before you
judge the quality of an item, consider both the difficulty
index and the index of discrimination.

Response Quality. The choices of answers for each item
in a multiple-choice test are called responses. The incor-
rect responses are referred to as distractors or foils.

Ideally, in a multiple-choice test, each response should
be selected by some of the students. If a response is not
selected by any student, it has contributed nothing to the
test. As a rule of thumb, a response should be selected by
at least 2% to 3% of the test takers.

Another consideration is the pattern of incorrect re-
sponses by the upper and lower groups. For example, if an
incorrect response is selected by many students in the up-
per group but few in the lower group, the item might need
revision. The item analysis of a multiple-choice test
should include a record of the number of students who se-
lected each response as well as the item difficulty and in-
dex of discrimination. Table 6.5 shows the analysis of five
multiple-choice items.

TABLE 6.5 Example of Item Analysis for Multiple-Choice Test

60 students completed the test

Groups of 27% (16 test scores in each group); correct responses in bold print

Item Responses p D
A B C D .50 .63
1 Upper group 1 13 2 0
Lower group 4 3 5 4
A B C D
2 Upper group 0 1 12 3 .53 44
Lower group 3 4 5 4
A B C D
3 Upper group 0 8 0 8 .50 .00
Lower group 1 8 0 7
A B C D
4 Upper group 1 3 2 0
Lower group 4 10 2 0 47 44
A B C D
5 Upper group 2 4 3 7 .25 .38
Lower group 7 4 4 1
ltem 1. All responses considered; difficulty and discrimination good. Retain item.
[tem 2. All responses considered; difficulty and discrimination good. Retain item.
ltem 3. Response C not considered and A considered only once; no discrimination. Reject item.
ltem 4. Response D not considered; difficulty and discrimination acceptable. Retain item but replace D.
ltem 5. All responses considered; difficulty and discrimination marginal. Revise item.
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+ + «  POINT OF Y11 AN NI

= Without item analysis and item revision, you cannot construct a good test. Both proce-
dures are time-consuming, but if performed, the end result will be the construction of a
good test. Although not described in this text, software for test item analysis is available.

Item Revision

After completing the item analysis, you are ready to per-
form any necessary revision. Revision usually involves
discarding or rewording some items, changing responses,
and changing items to different types (for example,
changing multiple-choice items to true-false items). If
you perform the preceding steps the first time you admin-
ister a test, and analyze and revise the test after at least one
additional administration of the test to a similar group,
you will have a good test.

N ARE YOU ABLE TO DO THE FOLLOWING?
= Describe the five steps in constructing knowledge tests?

= Construct a table of test specifications and explain its use?

» Define item analysis, item difficulty, and index of dis-
crimination, and conduct item analysis on test items?

Objective Test Items

With objective tests, choices of answers are provided for
each test item. True-false, multiple-choice, and matching
are objective test items. For each item, the test taker must
select one of the choices provided. With true-false items,
there are two choices; with multiple-choice, there usually
are four or five choices; and with matching, there are
many choices listed in a column. Many individuals claim
that objective test items permit correct responses through
simple recognition, rote memory, or association and do
not measure the thought processes of comprehension,
analysis, and application. These same individuals also be-
lieve that only essay tests can truly measure these thought
processes. Objective items can measure different kinds of
thought processes, but it takes time and effort to construct
the items. Various tasks (verbs) usually are associated

TABLE 6.6 Tasks to Measure Thought Processes

—

. Knowledge: define, describe, identify, list, recall, recognize.

2. Comprehension: distinguish, estimate, explain, extrapolate,
interpret, paraphrase, summarize.

3. Application: apply, classify, develop, modify, organize,
produce, use.

4. Analysis: compare, contrast, deduce, determine, diagram,
distinguish, examine, separate.

5. Synthesis: create, compose, contrast, devise, design, modify,
plan.

6. Evaluation: appraise, critique, decide, defend, evaluate,
judge, interpret.

with each thought process. Table 6.6 includes examples of
such tasks. [In the discussion of all test items, examples of
items are provided. The thought process measured by
each of the items is indicated in brackets for illustrative
purposes. You should not indicate these thought processes
on tests that you construct.]

True-False Items

The true-false item is a declarative statement, and the test
taker must decide if the statement is correct or incorrect.
The true-false item is widely used in teacher-made tests
because items can be written rapidly and scored with ease.

Many teachers limit true-false items to factual content,
but they can be used to test applications and principles. In
addition, knowledge in the form of propositions can be
measured. The following tennis items are examples of
propositions:

If the score is 15-30, the server is ahead in points.

If the score is 15-30, the serve should be to the re-
ceiver’s left service court.
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Another excellent way to use the true-false item is to
describe a situation and then to ask the students to respond
to items about the situation. Game situations and strate-
gies are very appropriate for this approach.

The following are advantages of true-false items:

1. A wide range of material may be covered in a single
testing period. The response time required by a
true-false item is less than that required by multiple-
choice or completion items, so more items can be
included on a test.

2. The scoring is easy.

3. In general, items are easy to construct. However, if
true-false items are to measure thought processes
other than simple knowledge, they will require some
time to construct.

The following are disadvantages of true-false items:

1. Because there are only two possible answers, guess-
ing could produce a score of 50% correct. Realizing
this, many students do not study as they should.

2. Because the students have a 50% chance of guessing
the correct answers, the reliability of the test items
tends to be lower than that of other types of items.

3. The correct answer often depends on one word.

Guidelines for Constructing True-False Items. True-false
items can be used effectively if you adhere to the following
guidelines:

1. Avoid the use of absolute and relative modifiers.
Words such as all, always, never, no, and none are
clues that the item is probably false. Words such as
sometimes, usually, and typically suggest that the
item is probably true.

2. Include an equal number of true and false items, or
include more false items than true ones. False items
tend to discriminate more than true items.

3. Avoid the exact language of the textbook.

4. Avoid trick items. For example, using the wrong first
name of an individual to make an item false is not a
good practice.

5. Avoid negative and double negative terms. The inclu-
sion of double negatives may confuse the students
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and does not test their ability in terms of the subject
matter. If you feel that negative statements should be
used, underline the negative term or terms.

6. Avoid ambiguous statements. There should be no doubt
the statement is completely true or completely false.

7. All items should be of the same approximate length.
Some teachers have a tendency to make true state-
ments longer than false statements.

8. Limit each item to a single concept. Items that in-
clude more than one concept are often confusing to
the students.

One final comment about true-false items: An alterna-
tive format for the true-false items is to require the stu-
dents to correct false statements. The major disadvantage
of this technique is that often the item can be corrected in
several ways. A better technique is to have the students
identify only the false element in the item.

Examples of True-False Items. For each of the follow-
ing statements, print a 7 in the blank in front of the state-
ment if you believe it to be true and an F if you believe it
to be false. Each item has a value of 3 points.

1. If the standard deviation of a group of scores
increases, the variability increases. [compre-
hension]

2. A T-score of 60 is located one standard devia-
tion above the mean. [knowledge]

3. A correlation coefficient of +.60 is twice as
significant as a correlation coefficient of +.30.
[analysis]

4. If the tail of a distribution curve is to the right,
the skew is negative. [comprehension]

Read the described tennis situation and the statements that
follow. If you believe the statement to be true, print a 7" in
the blank in front of the statement. If you believe the state-
ment to be false, printan /. Each item has a value of 3 points.

Player A makes a good serve and player B successfully
returns it. Either player will now lose a point if

1. the ball bounces twice on his or her side of the
court.

2. the player hits the ball and it touches the net
before it lands in the opponent’s court.



3. after hitting the ball, the racket slips out of the
player’s hand.

4. the player hits the ball before it crosses the
net. [application]

Multiple-Choice ltems

The multiple-choice item consists of two main compo-
nents: the stem and three to five responses (one correct re-
sponse and two to four incorrect responses, referred to as
distractors or foils). The stem may be more than one sen-
tence long, but it is usually a direct question or an incom-
plete statement. It should present the problem in enough
detail so that there is no ambiguity about what is being
asked. Multiple-choice items have several advantages:

1. They can measure almost any understanding or abil-
ity. However, as do other test items, they measure dif-
ferent abilities only if they are designed to do so. Too
often multiple-choice items are constructed to mea-
sure only rote memory.

2. They can be used to test most types of material.

3. The chances of guessing the correct answer are much
less than they are for true-false items.

4. They can be scored easily.

Multiple-choice items also have several disadvantages:

1. They are more difficult to construct than other objec-
tive tests. Considerable time is required to develop
good items that each include at least four responses.

2. They sometimes encourage memorization of facts
rather than understanding of concepts. As noted ear-
lier, this deficiency can be corrected if the items are
well planned.

3. Because fewer items can be asked than with true-false
items (owing to the time element), less material can be
covered.

Guidelines for Constructing Multiple-Choice Items.
Multiple-choice items are not easy to construct, but the
following guidelines will aid you in the task:

Stem Construction

1. The stem should be concise, be easy to read and un-
derstand, and contain the central issue of the item. It
should not be necessary to repeat words in the re-
sponses. Avoid the use of irrelevant material in the
stem. A properly constructed item has meaning by
itself so that the good student knows the correct
answer before reading all the responses. If the stem
is an incomplete sentence or question, make the
responses complete the stem.

2. Avoid absolute modifiers such as always, never, all,
none, and so on.

3. Avoid negative wording; state the stem positively. If
it is necessary to use negative words, capitalize each
letter of the words or underline them.

4. Although not mandatory, it sometimes helps the stu-
dent if the stem begins with a w word such as which,
why, where, what, when, or who. This introduces the
stem with the main point of the item.

5. Do not word the stem so that you are asking the stu-
dent’s opinion. If you use a stem that calls for an
opinion, you may have difficulty defending one cor-
rect answer.

6. If the item is testing the definition, or meaning, of a
word, the word to be defined should be in the stem
and the responses should consist of alternative defini-
tions or meanings.

Response Construction

1. All responses should be plausible, but there should
be only one correct response. Ridiculous or obvious
responses have no place in the test. The student who
does not immediately know the correct response af-
ter reading the stem should have to consider all re-
sponses. If distractors are not chosen by some of the
students, they should be eliminated from the test.

2. Use at least four responses for each item. If you can
think of five good responses, use them. The use of
five responses keeps the guessing factor at .20. How-
ever, if you can think of only three acceptable re-
sponses for an item, use just three.
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. All responses should be grammatically consistent,
homogeneous in content, and approximately the
same length. If some responses begin with a vowel
but other responses in the same item do not, use
“a(n)” in the stem to introduce the responses.

Avoid the tendency to include more information

in the correct response than in the incorrect
responses (such as wording the stem so that the cor-
rect response needs to be qualified).

. If the items are numbered, use 4, B, C, D, and E to
designate the responses. Also, unless limited by the
number of pages, place the responses in vertical order
rather than horizontal order for ease in reading.

. Avoid patterns in the positions of the correct re-
sponses. Make it a point to place the correct re-
sponse in each position approximately an equal
number of times; that is, use 4, B, C, D, and E
equally.

. Use the response “none of the above” or “all of the
above” with care. If you use “none of the above,” all
options must be clearly wrong, or one must be clearly
correct. If the student has only four responses to con-
sider, the use of “all of the above” reduces the stu-
dent’s discrimination task to three responses. It would
probably be best to include a plausible fourth re-
sponse rather than use “all of the above.”

. When possible, list the responses in logical or
sequential order. When variables or dates are arranged
in sequence, the correct response occasionally should
be first or last in the sequence. This arrangement
helps the student to overcome the tendency to disre-
gard the extremes of the sequence as probably not
correct.

C. 55% of the students had a score of 40 or
less.

D. 40% of the students had a score of 55 or
more. [analysis]

2. If the correlation coefficient between two vari-

ables is —.80,

A. the relationship is quite small.

B. the relationship does not always exist.

C. the two variables are significantly unrelated.

D. the value of one variable decreases as the
value of the other variable decreases.

E. the value of one variable increases as the
value of the other variable decreases. [com-
prehension]

3. Which muscle extends the lower leg and
flexes the upper leg?
A. quadriceps femoris
B. biceps femoris
C. gluteus maximus
D. gastrocnemius [knowledge]

4. What is the approximate maximum heart rate
(beats per minute) of a twenty-year-old indi-
vidual?

A. 180
B. 190
C. 200
D. 210 [application]

Matching ltems

The matching test usually consists of a column of items
(stimulus words or phrases) on the left-hand side of a page
and a column of options (alternatives) on the right. The
student’s task is to select the option that is correctly asso-
ciated with the item. Matching items are similar to

Examples of Multiple-Choice Items. Print the letter of multiple-choice items in that the options serve as alterna-
the one correct answer on the blank line to the left of the tives for all the items. They also are similar to short-
item number. Each item has a value of 2 points. answer items because they usually are limited to specific

factual information (names, dates, labels).

1. For a knowledge test, a score of 55 has a The following are advantages of matching items:

percentile rank of 40. What do these values

indicate? 1. They are easy to construct and score
A. 40 students answered 55% of the test cor- ) '

rectly. 2. They provide many scoreable responses on each test
B. 40% of the students had a score of 55 or less. page or for each unit of testing time.
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3. They motivate students to integrate their knowledge
and to consider relations among the items.

4. The odds of guessing the correct answer are low.
The following are disadvantages of matching items:

1. They are time-consuming for students to complete.
2. They usually test only factual information.

3. They are limited to association tasks.

Guidelines for Constructing Matching ltems. To con-
struct an effective and fair matching item test, use the fol-
lowing guidelines:

1. Include only homogeneous material in each matching
exercise.

2. Make the basis for matching each item and option
clear in the directions. The directions should inform
the students if an option can be used more than once,
if each item has only one correct answer, and how the
marking is to be done.

3. Keep the sets of items relatively short (five or six in
the lower grades and ten to fifteen in the upper
grades). The shorter lists enable the students to re-
spond more rapidly. If more matches are desired,
arrange for several matching groups within a single
test. Ideally, each group of matching items will in-
volve a different topic.

4. Place all items and options for a matching exercise on
one page. This arrangement enables the students to
complete the exercise in less time and reduces the
likelihood of errors caused by turning pages back and
forth.

5. Use an appropriate format. Usually it is best to list
the homogeneous items on the left and the options on
the right. For ease of scoring, leave a blank space
beside each numbered item for the letter of the
matched option.

6. Arrange the responses in alphabetical or logical or-
der. This arrangement reduces the time required for
the student to find the correct answer.

7. Develop more options than items. Having two or
three more options will reduce guessing.

Examples of Matching ltems. Select the letter of one op-
tion from Column II that best associates with a term in Col-
umn [. Print your answer on the appropriate line. Each
response has a value of 3 points. [knowledge or association]

Column | Column Il
1. Turnverein A. Bloomer
2. Royal Central Institute B. Hitchcock
of Gymnastics C. Jahn
3. vertical jump D. Ling
4. physical education E. Naismith
costume for women F. Sargent
5. basketball G. Williams

Short-Answer and Completion Items

The differences between a short-answer item and a comple-
tion item are primarily the length and the format of the re-
sponse. A short-answer item requires the student to respond
to a question in a word, a phrase, or a sentence or two. In a
completion item, the simplest short-answer form, one to
several words are omitted from a sentence, and the student
is asked to provide the missing information. Both items are
suited to measure factual knowledge, comprehension of
principles, and ability to identify and define concepts. Iden-
tification items also are a form of short-answer items.

The advantages of short-answer and completion items
are the following:

1. They are affected much less by guessing than are
true-false or multiple-choice items.

2. They come closer to assessing recall, as contrasted
with recognition. Recall usually requires intensive
study on the part of the student.

3. They are valuable when steps or procedures are to be
learned.

4. They are easy to construct.

The disadvantages of these items are the following:

1. Scoring takes longer than for choice-type items,
especially when only correct spelling is accepted.

2. Often, unless extreme care is taken in the construc-
tion of each item, a number of answers might be
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wholly or partially correct. The scorer has to decide

which responses are acceptable and how much credit
to give for each variation. This feature usually means
that only the test constructor is able to score the tests.

3. They encourage rote learning; however, there are oc-
casions when recall and memorization are appropriate
(first aid and cardiopulmonary resuscitation [CPR],
for example).

Guidelines for Constructing Short-Answer and Completion
ltems. Though short-answer and completion items are
easier to construct than objective test items, these guide-
lines should be observed when constructing the items:

1. Be sure that the item can be answered with a unique
word, phrase, or number and that only one answer is
correct.

2. Be sure the students know what type of response is
required. Indicate also how precise the response
should be. (Specifying the level of precision is espe-
cially important when computation of fractions or
decimals is involved.)

3. Think of the answer first. Then try to write an item to
which that answer is the only appropriate answer. By
using this approach you can avoid constructing items
that have multiple correct answers.

4. With completion items, try to place the blank near the
end of the sentence. This placement usually makes
the intent of the item clearer and avoids the possibil-
ity of multiple answers.

5. Use no more than two blanks in an item. Too many
blanks make the item confusing to the student.

6. Avoid lifting items directly from the textbook. One
sentence taken out of context from a paragraph may
fail to adequately present the concept of the entire
paragraph.

7. Make the actual blanks for the responses the same
length. Varying the length of the blank according to
the length of the expected answer provides clues for
the students. (For ease of scoring, provide short blank
lines in the item and blank lines of appropriate length
in a column to the right or left of the items for the
student to write the responses.)
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Examples of Short-Answer ltems. Answer the follow-
ing questions. They have a value of 3 points each.

1. What are the three measures of central tendency?
[knowledge]

2. In a study of leg strength and hand grip, a correlation
of —.90 was found. Interpret this correlation.
[comprehension]

3. In a distribution of scores, the mean is 22 and the
standard deviation is 2. What percent of the scores
are between the scores of 16 and 28? [application)

Examples of Completion Items. Complete the items by
writing the correct answer on the blank line to the left of
each item. Each item has a value of 2 points.

1. The is usually the most reliable measure
of variability. [knowledge]

2. A T-score of 75 is found standard
deviations above the mean. [application]

3. In a T-scale, the mean is assigned to a T-score
of . [knowledge]

Essay Test Items

The final test item to be discussed is the essay item,
which is evaluated subjectively. Essay items are de-
signed to measure the students’ ability to use higher
mental processes—identifying, interpreting, integrating,
organizing, and synthesizing—and to express them-
selves by writing.

The following are advantages of essay items:

1. They are easily and quickly constructed.

2. They can measure complex concepts, thinking ability,
and problem-solving skills.

3. They encourage students to learn how to effectively
organize and express their own ideas.

4. They minimize guessing.
The following are disadvantages of essay items:
1. They usually are very time-consuming to score.

2. The scoring requires some decision making on the
part of the scorer; thus, reliability may be decreased.



3. Because they take longer to answer, only a few items
can be answered during one class period. This time
constraint limits the field of knowledge that can be
covered.

Guidelines for Constructing Essay Items. Though essay
items seem the easiest test items to construct, the follow-
ing guidelines should be observed when preparing them:

1. They should require the students to demonstrate a
command of essential knowledge. Too often essay
items call only for reproduction of materials pre-
sented in the textbook or class lectures.

2. Each item should be phrased so that only one answer
is correct. When items have more than one correct
answer, it is difficult to evaluate the student’s level of
achievement.

3. Indicate the scope and direction of the required
answer. Vague phrasing leads to wide variation in
responses and makes the task of evaluating the items
even more difficult.

4. Require all students to answer the same items. If stu-
dents answer different items, the basis for comparing
the scores is limited. When students choose the items
they can answer best, the range of test scores will prob-
ably be smaller, decreasing the reliability of the scores.

5. Indicate the approximate amount of time for the stu-
dents to devote to each item, and the point value of
each item. Many students need guidelines in how to
budget their working time. In addition, stating the
amount of time that should be devoted to each item
gives a clue as to the detail expected on a given item.

6. In general, it is better to use several short essay items
rather than a few long ones. Short essay items are likely
to be less ambiguous to the student and easier to score.

7. Write the ideal answer to the item. Writing the ideal
answer gives you a clear idea of the item’s reason and
aids you in scoring the item.

Guidelines for Scoring Essay Iltems. Essay items can be
difficult to evaluate. These guidelines may help.

1. Develop a method for scoring the tests. Some teach-
ers identify essential points that should be included.

Other teachers rank each item according to the qual-
ity of response.

2. Evaluate the same item on all the students’ papers
before going on to the next item. It is also wise to
occasionally check your consistency by reviewing
how you evaluated an item on the first few papers
you scored.

3. Try to conceal the name of the student whose test you
are evaluating. Not knowing whose paper is being
evaluated prevents the influence of any biases you
may have toward students.

Examples of Essay Items. Read each item carefully and
answer each one as completely as possible. The approxi-
mate amount of time that you should spend on each item
and the point value of each item are indicated in paren-
theses.

1. Define correlation, and contrast the Spearman rank-
difference correlation coefficient and the Pearson
product-moment correlation. (10 minutes, 20 points)
[analysis, interpretation, organization, application)

2. Define standard scores, and contrast T-scores,
z-scores, and percentiles. (10 minutes, 20 points)
[analysis, interpretation, organization, application)

3. A teacher is interested in determining whether her
new teaching method is effective. Describe how she
can determine its effectiveness. Include in your dis-
cussion
a. what testing procedures she should use;

b. when she should test; and

c. what statistical analysis she should use. (15 minutes,
30 points) /[synthesis, integration, comprehension,
analysis, application]

N ARE YOU ABLE TO DO THE FOLLOWING?

= (Contrast the advantages and disadvantages of the
testitems described in the text?

= Construct true-false, multiple-choice, matching, short
answer and completion, and essay test items?

You have completed your study of knowledge test items.
As you now know, much work is required for construction
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ofa good test, and each type of test item has advantages and
disadvantages. All test items, however, can serve to meas-
ure the cognitive achievement of the students if the items are
well constructed.

Review Problems

1. Construct a knowledge test for a high school tennis
class. The test should include a table of specifica-
tions, thirty multiple-choice items, and twenty true-
false items. Ask a friend to take the test and provide
comments about any items that might need to be re-
phrased or responses that are obviously incorrect or
obviously correct.

2. A physical education teacher administered a fifty-
item knowledge test to her 200 ninth-grade students.
After scoring the tests, she determined the upper

- Chapter Review Questions

27% and the lower 27% of the scores. She tabulated
the following results for the first five items:

Item Group No. of Correct Answers
1. Upper 44
Lower 8
2. Upper 45
Lower 39
3. Upper 35
Lower 28
4, Upper 14
Lower 2
5. Upper 37
Lower 14

Calculate the item difficulty and index of discrimina-
tion for each item, and interpret your findings.

1. What is the purpose of a table of test specifications 4. What is the range of item difficulty indicating that a
and what do you include in the table? (page 68) test item is acceptable? (page 71)

2. What do item difficulty and item discrimination indi- 5. What item discrimination value indicates that a test
cate? (pages 70-71) item is acceptable? (page 71)

3. Describe the procedures for determining item diffi- 6. Is it possible for an item to have acceptable item dif-
culty and item discrimination. (pages 70—72) ficulty and not have acceptable item discrimination?
If so, how? (page 72, table 6.5)
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Assessing and Grading
the Students

Assessment and the
assignment of grades
are two important teach-
ing responsibilities. These
responsibilities are rela-
ted, but they are also sep-
arate responsibilities. Occa-
sionally, some individuals
will use the words assess-

assessment technique.

4. Describe portfolio assessment.

After completing this chapter, you should be able to
1. Define assessment, formative assessment, and summative assessment.
2. List and describe the characteristics of authentic assessment.

3. Describe how you may use checklist, rating chart, analytical, and holistic rubrics in the

5. List and describe the use of grades.

6. List the three behavior areas and the factors commonly graded in these areas, and state
why some factors should not be graded.

7. List and describe the criteria for grades.

ment and evaluation inter- 8. Define norm-referenced grading and the grading methods of natural breaks, standard

changeably. You should
recall how these terms
were defined in chapter 1. 9
Evaluation is the interpre-
tation of measurement;
evaluation is an important

these methods.

deviation, percentage, and norm; then describe the advantages and disadvantages of

. Define criterion-referenced grading and the grading methods of contract and percentage
correct; then describe the advantages and disadvantages of these methods.

10. Define weighting of factors, and describe a method for performing this technique.

part of assessment. As- 11. Describe four methods for reporting term grades.

sessment is a process that
includes measurement, eval-

uation, identification, and Schingassignmepiy

12. Describe your grading philosophy and develop a grading method that could be used in a

prescription.

Assessment should be performed continuously
throughout the teaching of a skill. Through assessment
the teacher can help the students perform at their max-
imum level and succeed in their class endeavors. Grad-
ing means that the teacher determines (through
assessment) the achievement level of each student to-
ward class objectives and assigns the appropriate grade
at the conclusion of the teaching unit.

Many U.S. citizens do not believe teachers are ful-
filling these responsibilities in an acceptable manner.
Because of demands for school improvement and ac-
countability for student learning, individuals and pro-
fessional groups are seeking better ways to assess
student performance. These individuals and professional
groups believe that traditional methods (knowledge and
skills tests) are too narrow in their measurement, do not
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integrate the essential performance skills of an activity,
and are too artificial (not in the natural environment).

Now many school programs expect teachers to utilize
alternative assessment methods in their professional
responsibilities. The term alternative assessment simply
means that students are assessed with nontraditional
methods. The most popular form of alternative assess-
ment is authentic assessment.

Authentic assessment provides ways for data or in-
formation to be gathered and organized so that accurate
judgments can be made about each student. Once class
goals have been stated, authentic assessment allows a
teacher to do the following:

* Monitor the students’ performance and determine
where they are experiencing difficulties.

* Prescribe a correction for learning problems.

» Keep track of students’ progress toward class goals
and objectives.

» Fairly assign grades.

Characteristics of Authentic Assessment

Authentic assessment includes the characteristics de-
scribed below. By including these characteristics, the
teacher will experience greater success with authentic as-
sessment.

Formal Record Keeping

Authentic assessment requires the maintenance of for-
mal records. The completion of accurate records is time-
consuming, and, although the teacher is responsible for
the records, students may assist in this function. The
need for records and the role of the students in complet-
ing these records will be described in the context of
other authentic assessment characteristics.

Natural Surroundings

Authentic assessment is conducted while students are per-
forming in a game or under gamelike conditions. Skills
tests may be used for authentic assessment, but the students
should be able to connect the expected skills to real-life
(game) situations. For this reason, skill test components
should be as gamelike as possible. In addition, rating charts
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of'the skills that have been taught may be used to assess the
students during game participation or skill practice. The
form or technique of the students can be documented with
the appropriate chart (described later in this chapter).
Records also may be kept of the students’ successful com-
pletion of skills during game play. The number of tennis
serves returned during a match, the number of rebounds
during a basketball game, and the number of successful
passes during a soccer match are examples of the types of
skills that can be recorded.

Formative and Summative Assessment

When conducted throughout the teaching unit, authentic
assessment enables the teacher to provide students with
regular feedback about progress toward the class goals
and objectives. This assessment, called formative assess-
ment, allows teachers to diagnose learning problems and
prescribe any necessary changes in the teaching unit.
Regular assessment does not imply daily assessment, but
it does mean that it is done routinely and is not limited to
designated testing times or days. Further, when done as
part of the regular teaching process, authentic assessment
can serve to motivate students to achieve the learning
goals. Authentic assessment also should determine stu-
dents’ achievements of class goals and objectives at the
conclusion of the teaching unit (called summative as-
sessment). Typically, summative assessment is used in
the assigning of grades, but both types of assessment
should be used.

Technique (Form) and End Result

Assessments of each student’s technique or form in per-
forming the skills are conducted in authentic assessment.
Although difficult, the assessment of technique should be
as objective as possible. Through the use of rubrics, it is
possible to be somewhat objective in technique assessment.

A rubric is a scoring guide, or a set of all key criteria,
that is used to determine an individual’s quality of per-
formance. The guide usually consists of specific state-
ments that describe various levels of skill performance.
Checklist, rating chart, analytical, and holistic rubrics
are often used in authentic assessment. Checklists and rat-
ing scales include the key components of a motor skill and
provide students with the criteria for successful perform-
ance. Examples of a checklist for the topspin tennis serve



TABLE 7.1

Checklist for Topspin Tennis Serve (Right-Handed Player)

Yes No Preparation

Body sideways to net.

Lower arm straight from elbow to fingers.

Feet spread about shoulder-width apart.

Court position correct in relation to center mark.
Ball held in thumb and first three fingers.

Hand with ball placed lightly against racket face.

Yes No Toss

Both hands drop simultaneously.

Racket hand moves across and in front of body.
Weight shifts to back foot as racket goes back.
Both hands are lifted into a Y shape.

Toss is slightly higher than server can reach.

Yes No Contact
Shoulders turn in throwing motion as ball rises.
Weight shifts to front foot as racket is “thrown" at ball.
arm.

Yes No Follow-Through

Palm of racket hand faces back leg.
Right leg falls across the baseline into playing court.

Tossing arm extends completely before ball is released.

Continental grip (racket is held 1/8 of a turn from Eastern grip).

Racket held at waist height and pointed toward service court.

As ball leaves hand, racket is lowered into back-scratching position with palm of racket hand near ear.

If ball were allowed to drop, it would hit court in front of baseline and in front of heel.

Racket comes forward just as ball begins to drop; contact is made at the 1:00 position with slight outward roll of the fore-

Racket continues through ball toward target and finishes across body.

and a rating scale for the tennis forehand/backhand are
provided in tables 7.1 and 7.2, respectively. To use check-
lists and rating scales, it is especially important that you
determine the specific skills that are to be assessed. If you
choose to construct your own rating chart, you should fol-
low the guidelines provided in table 7.3.

Analytical rubrics are used when the teacher wishes to
assess a student’s performance of each component of a
skill. Analytical rubrics are detailed and require time to
construct. However, they provide useful information about
the student’s strengths and weaknesses in separate skills.
Table 7.4 provides an example of an analytical rubric for
the tennis forehand/backhand. Only three scoring head-
ings are included in table 7.4. If desired, additional scoring

headings may be included. For example, the five headings
Excellent, Good, Satisfactory, Fair, and Poor may be used.
Appropriate assessment statements should be provided for
each heading.

Rather than assess each component of a skill, teach-
ers may use a holistic rubric. With this rubric, no
components of the skills are listed. Instead, broad state-
ments that differentiate the levels of performance are
included, and the teacher is expected to make a judg-
ment about the student’s performance. Holistic assess-
ment is more efficient than analytical assessment and
assesses the student while all components of a skill or
game are performed. Table 7.5 is an example of holistic
assessment of tennis play. As with an analytical rubric,
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TABLE 7.2 Rating Scale for the Ability to Perform the Tennis
Forehand/Backhand

5

Exceptional ability; ball consistently stroked with power; ball
consistently lands close to baseline and bounces well beyond
the baseline.

Above average ability; ball usually stroked with power; ball

usually lands close to baseline and bounces beyond the
baseline.

TABLE 7.3 Guidelines for Construction of a Rating Scale

1.

Determine the specific skills to be assessed. The rating scale
must reflect the objectives of the instructional program,

and the objectives should be stated in terms of observable
behavior.

. Identify the traits that determine success. The expected

traits for success at the beginner’s level are different from
those of an experienced player. The rating scale should in-
clude the skills that are necessary for the level of play being

3 Average ability; occasional power; capable of hitting ball deep

but inconsistent in doing so.

2 Below average ability; no power; ball consistently hit into 3. Determine the levels of success or ability for each skill. A
five-point rating scale usually provides enough spread to

opponent’s forecourt.

—

Inferior ability; ball is rarely hit over net.

assessed.

differentiate the ability levels.

additional scoring headings may be included in holistic

assessment.

As indicated in these examples, analytical and holistic
rubrics can be used to assess technique and end results of
students’ performances. Skills tests also may be used to

assess the end result of performance.

4. Define each category or ability level by observable behavior.

Descriptive phrases should accompany each numerical
value, and there must be no doubt as to the ability level that

is expected for each numerical value.

5. The form should permit the immediate recording of the

rating of the observed skill.

Adapted from L. D. Hensley, J. R. Morrow, and W. B. East, Practical
measurement to solve practical problems, Journal of Physical Education,
Recreation and Dance 6(3): 42-44, 1990; and F. M. Verducci, Measure-

ment concepts in physical education, St. Louis: C. V. Mosby, 1980.

TABLE 7.4 Analytical Rubric for Assessing the Tennis Forehand/Backhand

Needs Improvement

Uses correct grip

Maintains good balance and
body position for shot most

Backswing and follow-through
correct most of time.

Ball often lands close to

Able to vary shot placement
most of the time.

Often returns to correct court
position after shot.

Avoids excessive number of
unforced errors.

Excellent Satisfactory
Grip Consistently maintains
correct grip. most of time.
Balance Consistently maintains good
and balance and body position
Footwork for shot. of time.
Swing Backswing and follow-through
Mechanics consistently correct.
Power Ball consistently lands close
to baseline. baseline.
Shot Able to vary shot placement
Placement when necessary.
Court Consistently returns to correct
Position court position after shot.
Unforced Consistently avoids unforced
Errors errors.
Comments

Rarely uses correct grip.

Often fails to maintain good
balance and body position
for shot.

Backswing and/or follow-through
rarely correct.

Ball rarely lands close to
baseline.

Rarely able to vary shot
placement.

Rarely returns to correct
court position after shot.

Often commits unforced
errors.
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TABLE 7.5 Holistic Assessment for Tennis Ability

Excellent Consistently executes all strokes and serve with good form. Hits with power and varies shot placement. Anticipates
the shots and movements of opponent. Limits the number of unforced errors and maintains good court position.
Demonstrates knowledge of game rules and good sportsmanship at all times.

Satisfactory Occasionally fails to execute strokes and/or serve with good form. Able to hit with power and vary shot placement.
Usually anticipates shots and movements of opponent. Makes acceptable number of unforced errors and usually
maintains good court position. Demonstrates knowledge of game rules and sportsmanship at all times.

Needs Often fails to execute strokes and/or serve with good form. Rarely hits with power and unable to vary shot placement.

Improvement Does not anticipate shots and movements of opponent. Commits unacceptable number of unforced errors and often
fails to maintain good court position. Does not demonstrate knowledge of game rules. Does not demonstrate good
sportsmanship at all times.

Comments

Self-Assessment and Peer Assessment

Authentic assessment should include student self-
assessment and peer assessment. The teacher should ex-
plain and demonstrate assessment techniques, but the
students can be taught how to assess their own skill. The
students must understand how the assessments will be
used and the necessity of accuracy and consistency.
End-result assessment usually is easy for the students
to conduct. Just as the teacher does, the students count,
time, or measure their own or their peers’ performance.
Daily accomplishments can be recorded as well as the
number of times a skill is practiced. Directions as to how
the end result is to be recorded should be provided.
Technique assessment is more difficult for the stu-
dents. Charts or forms that include clearly stated per-
formance criteria must be provided. The same charts or
forms used by the teacher can be used by the students
(see tables 7.1 and 7.2). Students may perform self-
assessment if their performance can be videotaped; oth-
erwise, peer assessment of technique probably is best.
The teacher should spot-check the records and regularly

review performance expectations. In addition to assisting
in the assessment process, watching and analyzing the
performance of their peers will help students learn more
about a skill.

Portfolio Assessment

Portfolio assessment can be included in authentic assess-
ment. With portfolio assessment, the students are respon-
sible for collecting the portfolio contents. The portfolio
may include written assignments (e.g., analysis of a skill
and historical report of a sport); a preassessment of
skill level; performance goals; a planned program for
improvement; a self-assessment of performance through
a videotape; a technique or form assessment by a peer; a
record of practice sessions; written tests; class notes; and
other items on which the teacher and students have
agreed. The purpose of the portfolio is to document and
exhibit the students’ progress, achievements, and effort.
In addition, the teacher may use the students’ portfolios to
determine if class objectives were fulfilled, to communi-
cate with parents, and to evaluate the program.

needed for the benefit of students.

+ + «  POINT OF Y135 AN NI

= Authentic assessment is a time-consuming process, but it provides you with a consis-
tent and accurate way to monitor students. As a teacher, you should invest the time

Assessing and Grading the Students 85



If portfolio assessment is used, the students must
understand how the portfolio will be evaluated. In addition,
guidelines and directions should be provided regarding
organization and construction style. The following are a
few important considerations: What is the date of comple-
tion? Is there a designated form for skill assessment? Are
all items to be dated and placed in a notebook, or may some
other method be used? When and where will the portfolios
be collected? When and where will they be returned?
Other considerations will become apparent as portfolio
assessment is used. It is important to communicate these
considerations to the students early in the process.

National Association for Sport
and Physical Education (NASPE)

In 2004, the National Association for Sport and Physical
Education published the second edition of Moving into
the Future: National Standards for Physical Education.
Designed for use in the school environment, the publica-
tion provides six standards for a physically educated
person:

Standard 1: Demonstrates competency in motor
skills and movement patterns needed to perform a
variety of physical activities.

Standard 2: Demonstrates understanding of move-
ment concepts, principles, strategies, and tactics as
they apply to the learning and performance of
physical activities.

Standard 3: Participates regularly in physical activity.

Standard 4: Achieves and maintains a health-
enhancing level of physical fitness.

Standard 5: Exhibits responsible personal and social
behavior that respects self and others in physical
activity settings.

Standard 6: Values physical activity for health,
enjoyment, challenge, self-expression, and/or
social interaction.

With each standard and grade level, student expectations
and sample performance outcomes are included.

The publication also emphasizes the role of assess-
ment in the school environment and provides assessment
resources. As a framework for the development of realis-
tic and achievable expectations for student performance,
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this publication can serve as a valuable resource for the
physical education teacher.

Grading

As we begin the discussion of grading in physical educa-
tion, think back to your middle grades and senior high
school days. Do you remember the grades you received in
your physical education classes? Do you remember the
factors that were used to determine your grades? Did you
and the other students feel you were graded fairly? Your
instructors may have explained the factors that would be
used to determine the grades and that all students would
be evaluated objectively, but many instructors do not
choose objective factors for grade determination. Instead,
they base grades merely on attendance, participation, and
effort. Students who miss some classes, fail to always take
part in class activities, and appear to be giving less than
their best effort do not receive high grades. In other words,
the instructor subjectively categorizes the students. There
is nothing wrong with rewarding students for effort,
but grades earned in physical education classes should
involve more than attendance, participation, and effort.

Proponents of grades based on participation argue that
if objective grading is used, some students earn low grades
and lose interest in physical education. It is possible that a
few students who do not earn high grades will be upset, but
they will not lose interest in a class because of grades. They
lose interest when effective teaching does not take place.
Effective teaching includes fair and objective grading.

Grades are recognized as symbols that denote progress
and achievement toward established criterion-referenced
or norm-referenced course objectives. As the teacher, you
will decide whether the course objectives will be criterion-
referenced or norm-referenced, but grades should always
be related to the objectives. Different acceptable grading
methods are available, and formative and summative
assessment can be used with most, if not all, of them. The
choice is yours. It is essential, however, that you be
consistent and fair.

Use of Grades

If you enter the teaching profession, you will have the
responsibility of reporting grades for every one of your stu-
dents each term. Grades may be reported differently, but
they have important uses for four groups: students, parents,



teachers, and administrators. You should be prepared to dis-
cuss with the four groups your grading policies and how
you determine the students’ grades.

Students

Grades inform the students of their achievement levels.
When students know the course objectives, the evaluation
methods, and the grade standards, they usually are not
surprised by the grades they earn. However, most students
like to be informed of their achievement levels by the
teacher, and certain students will be challenged by this
feedback to work for higher marks. This motivation is
more likely to occur if you provide feedback to the stu-
dents throughout the term and if the students feel that you
have a sincere interest in them. Unfortunately, for some
students a good grade, rather than the attainment of course
objectives, becomes the primary goal. Though it is diffi-
cult to prevent, you should attempt to counsel the students
about this type of attitude.

Parents

Grades inform the parents of the progress and achieve-
ment of their children. Displeased when their children do
not get the grades hoped for, some parents will ask you
why their son or daughter did not receive a better grade in
physical education. You will have a difficult time with
many of these parents if you explain that their children did
not have a good attitude, did not work hard enough in the
class, and therefore did not deserve a better grade. On the
other hand, if you explain the objectives of the instruc-
tional unit and how you evaluate the students, and provide
the scores their children earned, your task will be less dif-
ficult. Not all parents will agree with your methods of
evaluation, but at least they will understand and probably
appreciate the seriousness with which you consider
grades. You may avoid such disagreements by sending the
parents information about the purposes and objectives of
physical education, and your grading philosophy, at the
beginning of the school year.

Teachers

To determine the students’ grades, you must do a compre-
hensive evaluation of all students. This evaluation will
enable you to better know the strengths and weaknesses

of the students. In addition, after evaluating the accom-
plishments of the students, you can evaluate the effective-
ness of your teaching and the efficiency of the program. If
many students are failing to complete the objectives of the
program, you need to examine your teaching methodology
and the expectations of the program. It may be necessary
to make changes in both.

The students’ grades from previous physical education
classes may be beneficial to you at the beginning of each
school year. If the grades indicate the students’ level of
skill, you can readily identify the higher-skilled students
and, if necessary, group the students. However, since dif-
ferent factors often are used to determine grades in phys-
ical education, you should assume that the grades indicate
the skill level of the students only if you are familiar with
the grading philosophy of the previous teacher.

Administrators

School administrators use grades to make decisions related
to promotion, graduation, academic honors, athletic eligi-
bility, and guidance. They also use grades to determine if
students have fulfilled educational objectives. Further,
administrators place grades in every student’s permanent
record, which can have a positive or negative influence
when the student applies for a job or admission to college.

N ARE YOU ABLE TO DO THE FOLLOWING?
= List and describe the uses of grades?

Factors Used in Grading

Physical educators use many factors to determine students’
grades. All factors can be grouped into three behavior
areas: affective, cognitive, and psychomotor.

Affective Factors

Participation in a physical education program should
influence the affective behavior (attitudes and feelings) of
students. Let’s examine the factors that are usually con-
sidered to reflect affective behavior.

Sportsmanship. You always should insist that the stu-
dents play fairly. They should exhibit good sportsmanship
as winners or losers in a game or event. Those who do not

Assessing and Grading the Students 87



should be disciplined. But can you expect students who
exhibit poor sportsmanship at the beginning of the term to
change after participation in your class? Usually, poor
sportsmanship is due to emotional problems other than
those that arise during a game situation, and more than
grades is required to improve these behaviors. When
sportsmanship is used in determining the grade, students
are likely to interpret their grade as a penalty for misbe-
havior rather than as something that is earned.

Perhaps the best method for dealing with sportsman-
ship problems is to insist upon sportsmanship during
class participation and to individually counsel students
about their behavior. This method requires that you keep
written records of incidents of poor sportsmanship. Try
this approach, and your students may realize that you
have a sincere interest in their personal development.

Attendance, Participation, and Showering. Skill devel-
opment takes place through proper instruction, participa-
tion, and practice of fundamentals. Students who fail to
attend class regularly and who have poor skills usually do
not improve or fulfill other course objectives. If grades
are related to the extent that the students fulfill course
objectives, students who do not regularly attend class and
who have poor skills will not earn good grades. A teacher
may not have an attendance policy, but these students will
be penalized for their poor attendance.

On the other hand, there may be highly skilled students
who are able to complete the course objectives at a satis-
factory level, or better, without regular attendance. Should
you lower the grades of these students? Since most school
programs have attendance policies, problems related to
attendance should be handled by the principal, not by the
teacher. Base your grades on completion of course objec-
tives, not on attendance.

Perhaps more of a problem occurs when students attend
class but, for some reason, do not come dressed to partici-
pate. Again, it is best not to use the grade as a threat but to
attempt to make the class enjoyable and challenging for
the students. If you are successful in developing this type
of class atmosphere, the students will want to participate.

Similar to these two factors is the practice of grading
the students on showering. Though the students should be
instructed in the importance of showering after physical
activity, there may be reasons that some students do not
want to shower. For example, the showers may not permit
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privacy for the students who desire it, or the instructor
may not allow enough time to cool down before shower-
ing. Even if these are not the reasons students avoid show-
ering, grading for showering is not a good practice.
Advise and encourage, but do not reward students for
showering or penalize them for failing to shower.

Effort. Effort is difficult to evaluate objectively. A
poorly skilled individual may appear to be putting forth
much effort, whereas a highly skilled individual appears
to be putting forth little effort. Should the highly skilled
student be penalized? If effort is graded, it is possible that
the poorly skilled individual will receive the same grade
as the highly skilled individual. Is it fair to give these two
students the same grade? Some teachers argue that when
effort is graded the students are motivated to try harder.
Perhaps this is true, but as a teacher you have the respon-
sibility to promote inner motivation. Even though it
sounds idealistic, the students’ desire to excel should
come from within, not from external rewards.

If you wish to include effort as a course requirement,
seek to develop an objective method for evaluating it. The
authentic assessment techniques described earlier can be
used to document effort. You also should develop realistic
grading standards so that anyone who puts forth the effort
can at least meet the minimum standards for the class.

Cognitive Factors

General agreement exists that grading in physical educa-
tion should include mental factors. Though many teachers
limit the cognitive evaluation to knowledge of rules, his-
tory, and fundamentals, the student also should be required
to demonstrate the ability to understand, apply, and ana-
lyze rules, strategy, and technique. As stated in chapter 6,
it takes time to construct tests that properly measure these
factors, but the teacher has the responsibility to do so.

Psychomotor Factors

Most physical educators grade the psychomotor skill of
students. The degree of emphasis will vary, but teachers
usually grade skill in terms of the activity, game perfor-
mance, and fitness.

The Activity. Two aspects of skill are generally used
when grading the skill in an activity: achievement and



improvement. Grading for achievement consists of
measuring the skill of the students at the conclusion of an
instructional unit and assigning the appropriate grades.
As they will for any cognitive or psychomotor skill, the
levels of ability will vary; unless the standards for skill
are very low, only a portion of the students are likely to
earn high grades.

Perhaps the most important consideration when grading
skill achievement is to establish realistic norm-referenced
or criterion-referenced objectives. If a school system has a
coordinated physical education program, it is easier to plan
realistic objectives because teachers are aware of the stu-
dents’ movement experiences. Knowing the physical edu-
cation objectives for the previous years and the skills the
students were expected to develop enables a teacher to plan
the appropriate objectives.

When a class has some students with limited move-
ment experiences and other students with good movement
experiences, it is difficult to establish fair objectives. The
skill objective may be too low for the students with good
movement backgrounds and too difficult for the other stu-
dents. (The availability of beginning and advanced classes
helps prevent this problem, but such classes are not possi-
ble in many school programs.) When this dilemma does
occur, the approach of some teachers is to homogeneously
group the students in a class and use different grading
standards for each group. However, if this method is used,
problems can occur: (1) some students with better than av-
erage skill may deliberately seek to be placed in the lower-
skilled group in an attempt to ensure a good grade; and
(2) if the student’s record does not indicate placement in a
beginning or advanced class, what do the grades for the
different groups mean? Does the grade of B earned by a
student in the lower-skilled group mean the same as a B
earned by a student in the higher-skilled group? For these
reasons, many physical education teachers agree that the
level of achievement should be evaluated in the same way
for all students in a particular class.

Some physical educators believe that students should
be graded on skill improvement. It is desirable that all stu-
dents improve their skill through participation in a physi-
cal education instructional unit, but is it fair to all students
to grade on improvement? In addition, can improvement
be measured accurately? Usually, improvement is mea-
sured by administering one test at the beginning and
another at the end of an instructional unit and subtracting

the first score from the second score. The difference in the
scores is interpreted as the improvement score. Several
problems are associated with this technique:

1. When students know that improvement is a factor in
grading, some may deliberately score low on the first
test to show much improvement on the second.

2. Testing some skills before a minimum level of
proficiency has been developed can be dangerous
(in gymnastics and wrestling, for example). In addi-
tion, fitness testing should not be done on poorly
conditioned individuals.

3. For some activities, the instructional term may not
be long enough for students to practice and show
improvement. Also, if the instructional term is too
long, the improvement of some students may be due
to physical maturity rather than ability.

4. If all students perform at their best on the test given at
the beginning of the instructional unit, the low-skilled
students may have an advantage in the earning of
high grades because they have greater potential for
improvement. The high-skilled students will probably
improve very little. To correct for this inequity, the
instructor must develop a scale for improvement for
each skill level. Several hundred scores should be
collected and analyzed to develop such a scale. The
students with high skill should not be expected to
improve as much as the students with low skill.

5. Subject areas such as math, English, science, and
history do not grade on improvement. If physical
education is to be viewed in the same way as other
subjects, grades should not be based on improvement.

You can see that the disadvantages of grading on
improvement appear to far outweigh the advantages. If
you feel that it is important to report improvement, do so
with a form separate from the grade report.

Game Performance. Grading game performance for
individual activities may be done through tournament play.
Tournaments should be double elimination or round-robin
play, however. Game performance also may be graded
through the authentic assessment procedures previously
described in this chapter.
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Fitness. Though the educational objective of physical
fitness is unique to physical education, many physical
educators do not include it in the grading process of
all activities. It may not be practical to provide class time in
all instructional units for fitness activities, but after a fitness
unit has been completed, the students should be expected to
maintain a specified level of physical fitness throughout the
school term. The specific level of fitness for each student
may vary, however. In addition, it is probably best to avoid
the use of fitness tests for grading purposes. If physical
fitness is a factor in the grading process, perhaps it is best
to permit the students to earn participation points in fitness
activities. The reasons for measurement of physical fitness
are discussed in chapter 15.

BN ARE YOU ABLE TO DO THE FOLLOWING?

= Listthe three behavior areas and the factors commonly
graded in these areas, and state the reasons why some
of these factors should not be graded?

Criteria for Grades

As you now are aware, many factors can be considered in
the grading of students. Some factors can be accurately
and fairly graded, but other factors should be reported
directly to the students and parents (rather than included
in the reported grade). Barrow and McGee (1979) provide
the following criteria for grades. If you observe these cri-
teria, you will have a grading process that is educationally
sound and fair to the students.

1. Grades should be related to the educational objec-
tives. If a factor has not been included as an instruc-
tional objective, it should not be graded.

2. The grades should have validity, reliability, and
objectivity. Grades should indicate achievement of the
factors that they purportedly represent. The validity
of a grading method is low when the grades are not
related to the instructional objectives.

A grading system should be consistent. It should yield

the same grade for the same performance, regardless of

the number of times the grade is calculated. In addition,
unless modifications are made, it should yield the same
results for the same performance from year to year.
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Though it may be necessary to grade some factors
subjectively (e.g., gymnastics), a grading system
should be as objective as possible. A grading system
has high objectivity if several teachers can perform the
same measurements on students and arrive at the same
final grade. If some factors can be measured only
subjectively, checklists or rating scales should be used.
Grades that are determined subjectively are usually
unreliable and difficult to defend if challenged.

. The weight (the percentage or portion of the total

grade) of each graded factor should be related to the
emphasis placed on the factor during the instructional
unit. It is possible, but unlikely, that all graded factors
will have equal weight. (Assigning weights to factors
will be discussed later in this chapter.)

. The weights of the factors and the method with which

the final grade is determined should be understandable
to the students and parents. Each student should be
able to determine the earned grade before it is provided
by the teacher. The technique for determining grades
should be neither a secret to the students and parents
nor so complicated that they do not understand it.

. Whether grades are norm-referenced or criterion-

referenced, they should discriminate the good student
from the poor student. Students who perform at a
high level should receive better grades than students
who perform at a lower level. As in other subject
areas, physical education grades should discriminate
between levels of attainment.

. The grades should have administrative economy. An

educationally sound grading system should be used,
but the system should be feasible in terms of time,
cost, and personnel. Remember, clerical help for the
teacher is limited, and grades must be prepared in a
short time period. If the grading system requires so
much time that other teaching responsibilities suffer,
it is not practical. Teachers generally use computers
to record and determine grades, giving them more
time for class preparation.

N ARE YOU ABLE TO DO THE FOLLOWING?

List and describe grading criteria?




Methods of Grading

Physical education teachers use many grading methods.
Regrettably, not all are good. Grading systems are classified
as either norm-referenced or criterion-referenced, and both
include acceptable methods of grading.

Norm-Referenced Grading

The norm-referenced system of grading is based on the
normal probability curve that was described in chapter 2.
Norm-referenced standards compare the performance of
the students with each other. Levels of performance that
discriminate among ability groups are developed. The
levels of ability may range from high to low; the appro-
priate grade is used to indicate the attained ability. There
are many methods of norm-referenced grading, not all of
which are acceptable. Several methods follow.

Natural Breaks Method. In general, when test scores
are ranked, gaps occur in the distribution. These breaks

TABLE7.6 Grades Assigned by Natural Breaks Method

95 79
95 77
93 77
93 76
92 76
91 75
91 A 73
...... 73
88 72
87 72 C
87 L.
86 69
85 68
85 66
83 64
82 B 63 D
57
55 F

may be used as cutoff points for letter grades. Though
quick and convenient for the teacher, this method is not
recommended. A student’s grade depends only on where
the gaps occur, and there certainly is no consistency from
one term to another. A numerical grade may be a B one
term but an A another term. Table 7.6 shows how this
method may be used.

Standard Deviation Method. This method assumes that
the scores are normally distributed and that the standard
deviation can be used to determine the grades. So, the first
thing you must do is to calculate the mean and the standard
deviation of a distribution of scores. You then have several
choices for arranging the distribution into sections for
grading purposes. Table 7.7 shows three arrangements. For
illustration purposes, look at the following calculations for

TABLE 7.7 Grades Assigned by Standard Deviation Method

Example 1

Grade Standard Deviation Range Percent

A 2.0s or more above mean 2

B Between +1.0s and +2.0s 14

C Between +1.0s and -1.0s 68

D Between —1.0s and -2.0s 14

F 2.0s or more below mean 2
Example 2

Grade Standard Deviation Range Percent

A 1.75s or more above mean 4

B Between +0.75s and +1.75s 19

C Between +0.75s and -0.75s b4

D Between —-0.75s and —-1.75s 19

F 1.75s or more below mean 4
Example 3

Grade Standard Deviation Range Percent

A 1.5s or more above mean 7

B Between +0.5s and +1.5s 24

C Between +0.5s and -0.5s 38

D Between -0.5s and —-1.5s 24

F 1.5s or more below mean 7
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a sample knowledge test that has a mean of 74 and a stan-
dard deviation of 6. The arrangement in example 3 of table
7.7 is used.

The C range is determined first, since its range affects
the B and D ranges. The C range is found as follows:

C=X=0.5s
= 74 + (5)6
=74=*3

C=71t077

The upper limit of the B range is found as follows:

B=X+ 1.5s
=74+ (1.5)6
B =83

The lower limit of the D range is found as follows:

D=X-15s
=74 — (1.5)6
D =65

The ranges for the grades are as follows:

A = above 83
B =781t083
C=71t077
D =65t 70
F = below 65

If this method is used with a small class, the percent-
age of scores for each grade is not likely to be exactly the
same as presented in table 7.7. (A small number of scores
does not usually result in a normal distribution.) The
standard deviation method of grading is best when
scores are collected for several classes and grouped into
one distribution. It may be necessary to collect the scores
over two or more years, but the larger set of scores will
result in an approximately normal distribution. Once you
have established a grade range based on a large distribu-
tion of test scores, you can convert subsequent scores for
the test into letter grades. Used in this manner, the stan-
dard deviation method is an acceptable norm-referenced
grading system.

Percentage Method. Using the percentage method, the
teacher decides what percentage of the class is to receive
each letter grade, lists the scores in order, and assigns the
grades. For example, suppose a teacher has a class of thirty
students. Table 7.8 shows how many students would
receive each letter grade with three different groups of
percentages.

Examples 1 and 3 of table 7.8 also show one of the
problems encountered with this method. The selected
percentage may require the rounding of numbers, which
results in a different total number of students than the
actual number of students. Example 1 has a total of 29 stu-
dents, and example 3 has 31 students. When the total is
different from the actual number of students, the teacher
must decide which letter grade is to be received by more
or fewer students than indicated by the percentage.

TABLE 7.8 Grades Assigned by Percentage Method (Class of 30 Students)

Example 1 Example 2 Example 3
Grade % of Students No. of Students* % of Students No. of Students % of Students No. of Students*
A 7 2 10 15 5
B 24 7 20 20 6
C 38 11 40 12 30 9
D 24 7 20 20 6
F 7 2 10 15 5

*Will not total 30 because of rounding of numbers.
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There is another problem with this method. Suppose
that in example 2, when the scores are listed in order, the
highest five are the following:

94 92 91 91 91

Only the highest three scores should receive the grade of
A, but scores 3, 4, and 5 are the same. The teacher must
decide whether only the highest two scores will receive an
A or the highest five. If only two scores receive the grade
of A, more than six students will be given a B. If five
scores are given the grade of A, fewer scores will be given
a B. This problem could occur anywhere in the distribu-
tion and with any percentage group.

This method has other disadvantages. Average-ability
students will receive higher grades in a class with low-
ability students than in a class with high-ability students.
Also, consider what occurs if the class is homogeneous in
ability. Though all students are approximately equal in
ability, some students will receive high grades and some
will receive low grades. Finally, there is no consistency
with this method. The grade assigned to a particular score
may vary from term to term.

The disadvantages of the percentage method can be
overcome if it is used in the same way as the standard
deviation method. A large number of scores should be
collected before the percentage groups are designated.
Once the percentage groups (A, B, C, D, and F) have
been determined with a large number of scores for a
particular test, subsequent test scores can be assigned
the appropriate letter grade. The problems of the per-
centage method still may occur, but only during the ini-
tial determination of the letter grades. Once the letter
grades have been assigned to the scores, these problems
are eliminated. Used specifically in this manner, the
percentage method is acceptable for norm-referenced
grading.

Norms Method. Norms are performance standards
based on analysis of scores. They are developed by col-
lecting scores for a large number of individuals of the
same gender and similar age, experience, ability, and
other such characteristics. Norms may be developed at the
national, state, or local level. At any of these levels, sev-
eral hundred scores should be collected and analyzed
before the norms are accepted. Percentiles, T-scores, and
z-scores are forms of norms.

The norms method is an excellent system for norm-
referenced grading for several reasons. The norms may
be used for several years before new norms need to be
developed. Also, they are unaffected by the group being
tested because all students in the group could excel in
performance and earn a high grade. Finally, they have
consistency in that the grade for a given performance
will be the same for a group during any school term.
(The procedures for developing norms are described in
chapter 2.)

Criterion-Referenced Grading

Criterion-referenced standards are clearly defined; the
students know exactly what is expected of them. Stan-
dards may be developed for each grade that can be earned,
or the standards may be pass/fail. When standards are
developed for each grade, the students choose to work for
a particular grade, and they are not in competition with
each other. If pass/fail, the standards represent the level of
ability that most students should be able to achieve during
the instructional unit.

Contract Method. The contract grading method can be
used with a class or with each student. With the class con-
tract, the quality, amount, and type of work to be performed
to earn the various grades are the same for all members of
the class. For example, in a tenth-grade softball class, the
A grade standards for each girl might be the following:

» Score 19 or above on the overhand throw for accuracy.
* Score 19 or above on the fielding test.

* Score 90 or above on the written test.

» Write a one-page report on the technique of bunting.
» Write a one-page report on the technique of fielding a

ground ball in the outfield and throwing to home plate.

Other standards would be written for the remaining
grades. The teacher may or may not permit the class to
assist in developing the contract. With the individual
contract, the teacher and student agree upon the type,
amount, and quality of work the student must do to earn
a particular grade. Each student could have a different
contract, and every student could earn an A grade.
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This method of grading allows for individual differ-
ences in ability and for successful performance, as
defined by the student. Too often when this method is
used, however, the emphasis is on the quantity of work
rather than on the quality of work. If quality standards
can be designed, this system is acceptable for criterion-
referenced grading.

Percentage Correct Method. Teachers often use the per-
centage correct method for grading. With this method, the
student is advised what percentage of attempts must be
correct to earn the various grades. Table 7.9 shows four
examples of this method. The percentage correct method
also can be used with physical performance scores, but
there will be no maximum score for performances such as
throwing and jumping events. In these events the grade of
A or A+ would be any score greater than a specified score.

TABLE7.9 Grades Assigned by Percentage Correct Method

Percentage Correct Score

Grade Example 1 Example 2
A 90 to 100 93 to 100
B 80 to 89 85 to 92
C 70t0 79 77 to 84
D 60 to 69 70 to 76
F Below 60 Below 70

Example 3 Example 4
A+ 98 to 100 98 to 100
A 94 to 97 95 to 97
A- 90 to 93 93 to 94
B+ 87 to 89 91 to 92
B 83 to 86 87 to 90
B- 80 to 82 85 to 86
C+ 77 t0 79 83 to 84
C 73 t0 76 79 to 82
C- 70to0 72 77t0 78
D+ 67 to 69 7510 76
D 63 to 66 721074
D- 60 to 62 70 to 71
F Below 60 Below 70
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The standards for the grades should be based on previous
test scores that have been analyzed, not on standards the
teacher arbitrarily selects.

When the percentage correct method is used, it is
sometimes difficult to compare different tests, because
the level of difficulty for the tests will not always be the
same. A grade of 85 on one knowledge test may be a bet-
ter score than a grade of 85 on another test, depending on
the test difficulty. (This problem could occur with psy-
chomotor tests also.) When one test is considered more
difficult than another, different weights may be assigned
to the tests.

The percentage correct method is an acceptable
criterion-referenced grading system if the grade stan-
dards are determined as objectively as possible. It is a
better system when the instructor assigns weights to fac-
tors or tests with different degrees of difficulty. There are
no limits on the number of students who may earn high
grades, and the students know exactly what they must do
to earn a particular grade.

N ARE YOU ABLE TO DO THE FOLLOWING?

m Define norm-referenced grading and the grading meth-
ods of natural breaks, standard deviation, percentage,
and norms?

= Describe the advantages and disadvantages of each?

= Define criterion-referenced grading and the grading
methods of contract and percentage correct?

= Describe the advantages and disadvantages of each?

Which Method of Grading Is Best?

Only a few of the grading methods used in physical edu-
cation have been presented in this chapter. These, and
many others, are not without faults. As teachers gain
experience, they develop a method that suits them best.
However, all teachers, beginning and experienced, should
use a grading system that fulfills the grading criteria pre-
viously described and that they agree with philosophi-
cally. If you teach, a major decision will be whether to use
criterion-referenced grading or norm-referenced grading.
Both have a place in the grading process, so you should



be prepared to use either, depending on which best serves
your needs and the needs of your students.

Weighting of Factors

Usually a teacher emphasizes certain factors in a teach-
ing unit; that is, the teacher gives these factors more
value than other factors in determining the unit grade.
The importance of these factors is reflected in the
weight (percentage of the total grade) assigned to each.
If evaluation scores for all factors are averaged without
the assigning of weights, all scores will have equal
value. As previously stated, the use of weights should be
considered with knowledge and physical performance
tests, as well as when one test is more difficult than
another. Table 7.10 shows how weights might be used to
determine grades in a tennis unit. Note that the psy-
chomotor area has a weight three times greater than the
cognitive area. Also note that game performance and
tournament standing are important components in the
psychomotor area. If you choose to include game per-
formance, use authentic assessment procedures to
determine the grade. In addition, technique rating
may include self-assessment, peer assessment, teacher
assessment, or some combination of the three. If letter
grades are assigned for weighted factors, a numerical
table for conversion of letter grades, as shown in table
7.11, should be available.

I ARE YOU ABLE TO DO THE FOLLOWING?

= Define weighting of factors, and describe a method for
performing this technique?

TABLE 7.11 Numerical Conversion Table for Letter Grades

A+ =12 B-=7 D+=3
A=11 C+=6 D=2
A-=10 C=5 D-=1
B+=9 C-=4 F=0
B=8

Reporting of Final Grades

Teachers may choose a grading method, but they usually
do not choose how the grades are to be reported. All
teachers within a school, or school system, are required to
report grades in the same way.

Letter The letter grades A, B, C, D, and F are most
commonly used. Some school systems use + and
— with the grades: A+, A, and A—. Often the use
of letter grades requires the teachers to convert
numerical grades into letter grades. A system, such
as the one shown in table 7.11, is needed in this case.

Numerical The numerical average is reported
rather than a letter grade. The grade may be the
average of the actual scores or of the percentage
correct. Though letter grades are not reported with
this method, some schools equate the numerical
ranges with letter grades: A = 93 to 100, B = 85
to 92, and so forth.

Pass/fail The grade indicates only whether the stu-
dent has been successful or unsuccessful in com-
pleting the course objectives.

TABLE 7.10 Use of Weights in Determining Grades for Tennis

Area Weighting of Area Factor Weighting of Factor Grade Points
Psychomotor 6 Skill test 1 C+ 6
Game performance 2 B+ 18
Tournament standing 2 A+ 24
Technique 1 A- 10
Cognitive 2 Knowledge test 2 A- 20
TOTALS 8 8 78
COMMENTS Grade = 78/8 = 9.75 (A-)
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» + «  POINT OF Y031 AN NI

= Grading will be one of your most difficult responsibilities as a teacher. You should
not take the responsibility lightly. The grading system you choose to use should be
fair, consistent, related to the educational objectives, and as objective as possible. It
should be one that you can defend with confidence if asked to do so. Teachers who
arbitrarily devise grading systems fail in their responsibilities to students, parents,
and administrators.

Descriptors Words, terms, and phrases are used to Review Problem
describe the student’s performance. Examples are
“excellent,” “above average,” “average,” “below Imagine that you are to be interviewed for a high school
average,” “working at near capacity,” “making teaching position. You are asked to assume that your first
moderate use of ability,” “working substantially teaching assignment will be the teaching of tennis classes and
below ability,” “outstanding progress,” “appropri- to bring the following to the interview:

9

ate progress,” “progress below capabilities,” and = Your grading philosophy.

“little or no progress.” L )
prog = A description of how you would use authentic

assessment.

I ARE YOU ABLE TO DO THE FOLLOWING? = A description of a grading system that includes the

= Describe four methods for reporting grades? use of weighted factors.

Prepare each request as if you were going for the interview.

Chapter Review Questions -

1. What is the difference between assessment and 5. Contrast the standard deviation and the norm meth-
grading? (page 81) ods of grading. (pages 91 and 93)
2. What is a rubric? (page 82) 6. Contrast the contract and percentage correct methods

3. How can rubrics be used in authentic assessment? of grading. (pages 93-94)

(pages 82-84) 7. What is meant by the weighting of factors in a grad-

i ?
4. Contrast norm-referenced grading and criterion- ing system? (page 95)

referenced grading. (pages 91-94)
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Construction and Administration
of Psychomotor Tests

Test Construction
Guidelines

Jansma (1988) describes
four fundamental compo-
nents of the psychomotor
domain: physical, motor,
fitness, and play. The phys-

chomotor tests.

After completing this chapter, you should be able to
1. Describe the four components of the psychomotor domain.
2. Select psychomotor tests that have been constructed properly.
3. Describe the procedures for construction of a psychomotor test.

4. Describe the pre-test, testing, and post-test responsibilities for the administration of psy-

5. Properly administer psychomotor tests.

6. Define motor ability, motor capacity, and motor educability.

ical component deals with

the individual’s anatomical or

structural status. The motor component deals with the
quality of movement patterns, or how well the individual
moves. The fitness component refers to the quantity of
movement, or how much movement can be sustained. The
play component represents the culmination of develop-
ment within the psychomotor domain. To be a good
player, the individual needs physical, motor, and fitness
competence.

Many published tests are available to measure these
psychomotor domain components. There may be occa-
sions, however, when no published test meets the partic-
ular needs of the group you wish to test, or you feel that
you are capable of devising a better test. The following
guidelines will help you construct a good test. Because
there is agreement on the techniques for estimating the
validity and reliability of norm-referenced tests, it proba-
bly would be best if you first developed a norm-referenced
test. The guidelines presented here, or ones similar to
them, were followed in the development of most of the
tests presented in the following chapters.

Know What Is Required of a Good Test

Before constructing a psychomotor test, you should be
familiar with the criteria of a good test. Review the crite-
ria in chapter 5.

Define the Performance to Be Measured

The new test might be designed to measure a sport skill, a
game situation, fitness, strength, flexibility, or other
related performances. You should define the exact perfor-
mance you want to measure and state the objective of the
new test. The test taker should be able to relate the test to
real-life situations (e.g., the components of a skill test
should be similar to gamelike conditions). Suppose you
want to construct a new tennis serve test. Do you want to
include measurement of power in the test or just measure
the ability to serve the ball into the correct area? If it is to
be a strength test, do you want to measure the strength of
the leg, arm, or another body part? It may be wise to name
the muscles to be tested. If it is to be a flexibility test, you
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should identify the joint or body part that will be involved
in the measurement of flexibility. Also, include in your
definition characteristics of the group that will take the
test (e.g., gender and age).

After you have identified and defined the performance
to be measured, ask yourself the following questions:

1. Has the performance been included in the unit of
instruction?

2. Can the performance be objectively measured?

3. Is there an existing test that will meet my needs?

Once you are satisfied with your answers to these
questions, you are ready to analyze the performance that
will be measured.

Analyze the Performance

To construct a good test, you must analyze the perfor-
mance to be measured by identifying all the components
needed for successful performance. (For example, per-
formance in softball involves hitting, catching, throwing,
and running.) After you have identified the components,
select the ones you want to measure. It is important that
you give careful thought to this guideline. The compo-
nents that you identify will determine the items you
include in your test.

Suppose you want to construct a test to measure hitting
ability. The skill of hitting may be broken down into four
parts: grip, stance, swing, and follow-through. Successful
performance of the test should require the student to per-
form the fundamentals of these four parts in a mechani-
cally sound way.

Review the Literature

You should review tests that measure the same performance
or related performance and the research performed to
develop the tests. This review will serve several purposes:

1. You will become familiar with developing physical
performance tests. You may find useful ideas that will
aid you in your project.

2. You may choose to include previously published test
items in your test.
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3. You may find a previously validated test to use in
establishing the validity of your test.

4. You will become more familiar with the performance
components.

Devise the Test Items

You now are ready to devise the item or items that will be
included in your test. (You may also select published test
items.) It is a good idea to develop more items than you
actually plan to include in the test and to select the best
ones after analyzing all the items. Keep the following
principles in mind:

1. Make the items as realistic as possible. If a sport
skill is being measured, the item should be similar to
the game situation. This consideration (authentic
assessment) is described in chapter 7. The items also
must be appropriate for the gender and age of the
individuals being tested.

2. Make the items simple to perform. You do not want
to include an item the students have difficulty
remembering. If they hesitate or forget during test
performance, the validity and reliability of the test
will be affected.

3. Make the items practical. They should be inexpensive
and require a minimum amount of time to administer.

4. Determine the test layout—dimensions and adminis-
trative order of items.

5. Make the scoring simple. Simplicity of scoring will
aid objectivity, lessen the time required to train any
assistants needed to administer the test, and better
enable the students to understand the scoring.

Prepare the Directions

The directions must be clear and precise, or the relia-
bility and objectivity of the test will be affected. In ad-
dition, clear directions will prevent confusion among
the students. When writing the directions, try to imag-
ine questions that might be asked after the directions
have been given to a group. Review the directions of
tests found in this book and other textbooks to aid you
in the wording.



Have the Test Reviewed by Your Peers

This is not the time to be hesitant in asking for assistance
in your project. Ask other qualified individuals to study
your test and offer constructive criticism. What may be
clear or obvious to you may not be to others. Asking for
input now may prevent problems once you administer
the test. Remember, when you ask for help, do not be
oversensitive if people do not agree with everything you
have written. You do not have to accept all their sugges-
tions; however, open-mindedness is important in con-
structing successful tests.

Administer the Test to a Small Group of Students

At this point it would be wise to administer the test to a
small group of students to determine if there are any prob-
lems with the directions, administration, and scoring.
Though not essential, having someone else administer the
test to the group while you observe and make notes of any
problems may be beneficial. Your group must be repre-
sentative of the group for which the test is designed.
After the sample group has completed the test, make any
necessary changes. If you administered more items than
you plan to include in the final version of the test, you can
remove the items that appear to be troublesome.

Determine the Validity, Reliability, and Objectivity

Having completed the previous guidelines, you are ready to
determine the validity, reliability, and objectivity coeffi-
cients of your test by administering it to a large number of
students. As was the small group, this large group must be
representative of the group for which the test is designed.
For norm-referenced tests, concurrent validity is usu-
ally desired. Concurrent validity can be estimated through
ratings of experts, tournament play, and previously vali-
dated tests. These procedures were described in chapter 5.

Develop the Norms

If you have constructed a norm-referenced test, a table of
norms is needed. Review the calculations of z-scores,
T-scores, and percentiles described in chapter 2; remember,
norms are usually reported by age and gender. Because a
large number of scores is required to develop the norms,
it will be necessary to test several classes. If this is not

TABLE 8.1 Guidelines for Construction of Psychomotor Tests

Review criteria of a good test:
Consider validity, reliability, objectivity, and administrative
feasibility.

Define the performance to be measured:
|dentify components for successful performance.

Review the literature:
Research tests that measure the same performance or
related performance.

Devise the test items:
Make items realistic, simple, and practical; determine
layout; make scoring simple.

Prepare directions:
Be clear and precise.

Have test reviewed by peers:
Be open-minded.

Administer test to small group:
Make sure small group is representative of group for which
test is designed.

Determine validity, reliability, and objectivity:
Administer test to large group; make sure group is repre-
sentative of group for which test is designed.

Develop norms:
Base norms on large number of scores.

possible, you can accumulate test scores over a period
of two or three years. You must administer the test the
same way each time, however. Table 8.1 summarizes the
guidelines for construction of physical performance tests.

Determine Intercorrelations

Determining intercorrelations is necessary only if your
test includes several items (referred to as a test battery).
When a test includes more than one item, all items should
have high correlation with the criterion and low correla-
tion with each other. The correlation of the items with
each other is determined through a multiple correlation
procedure. This procedure has been used with other sta-
tistical procedures to develop many of the physical fit-
ness, motor ability, and sports skills tests used in physical
education programs. In the construction of a test battery,
not all the items initially administered to the subjects are
expected to be included in the final test battery. When two
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items are highly correlated with each other, the two items
are considered to measure the same thing. The item that
has the highest correlation with the criterion remains as
part of the test; the other item is discarded. Since multiple
correlation will not be discussed in this book, you should
refer to a statistics book for the appropriate procedure.

Table 8.2 indicates how the developers of three tests
followed test construction guidelines. The tests are
described in chapter 18.

BN ARE YOU ABLE TO DO THE FOLLOWING?

= Describe the four components of the psychomotor
domain?

= Select psychomotor tests that have been constructed
properly?

= Describe the procedures for construction of a psy-
chomotor test?

TABLE 8.2 Stepsin Construction of Three Sports Skills Tests

Hewitt's Tennis
Achievement Test

Indoor Golf Skill Test
for Junior High Boys

Racquetball Skills Test

Define performance.
Analyze the performance.

Review the literature.
Devise the test items.

Prepare the directions.
Have the test reviewed.
Administer the test to

small group.

Determine the validity,
reliability, and objectivity.

Develop the norms.

Determine intercorrelations.

Tennis skills

Service, forehand, and
backhand (fundamental
skills in tennis)

Included
Fulfills principles on page 98

Clear and precise

Test reviewed by peers prior to
publication

Not reported in source

Three groups: 16 college tennis
players, 36 male and female
advanced tennis players, and
91 beginners

Validity: round-robin tournament
correlated with test

Reliability: test-retest
Objectivity: coefficient not
reported, but scoring objective
Norms provided for three
groups

Not necessary

Golf skills

Power and accuracy with 5 iron
(selected because it is used
extensively when teaching golf
skills)

Included

Fulfills principles on page 98,
except use of plastic ball not
gamelike

Clear and precise

Test reviewed by peers prior to
publication

Not reported in source

63 junior high boys

Validity: scores on par-3, nine-
hole course correlated with test

Reliability: intraclass correlation

Objectivity: coefficient not
reported, but scoring objective

Norms not provided

Not necessary

Racquetball skills

Speed and accuracy with wall
volley (fundamental compo-
nents of racquetball)

Included

Fulfills principles on page
98

Clear and precise

Test reviewed by peers prior
to publication

Not reported in source

113 college males and 99 col-
lege females

Validity: instructor's ratings
correlated with test

Reliability: intraclass correla-
tion

Objectivity: coefficient not
reported, but scoring objective

Norms provided for beginning
racquetball classes

Not necessary

Adapted from L. D. Hensley, W. B. East, and J. L. Stillwell, “A racquetball skills test,” Research Quarterly 50: 114-118, 1979; J. E. Hewitt, “Hewitt's ten-
nis achievement test,” Research Quarterly 37: 231-237, 1966; and J. Shick and N. G. Berg, “Indoor golf skill test for junior high school boys,” Research
Quarterly for Exercise and Sport 54: 75-78, 1983.
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Test Administration Responsibilities

Do you remember taking psychomotor tests during your
middle grades and senior high school physical education
classes? When the students arrived for class, were the
instructors prepared to administer the tests, or were they
rushing to complete test preparations? Were they familiar
with the test items, or did they appear to be unsure as to
how the items should be administered? Did they require
all students to perform the items correctly, or did they per-
mit some students to perform the items incorrectly? Did
they interpret the test results to the class, or were the stu-
dents informed of the test results only through a grade?
These questions illustrate the many responsibilities asso-
ciated with the administration of psychomotor tests.

The administration of psychomotor tests involves pre-
test, testing, and post-test responsibilities. If a test is to be
effective and the purposes of testing are to be fulfilled,
the responsibilities in all three areas must be completed.
The following testing responsibilities are (1) appropriate
for a school or nonschool environment and (2) described
as if the test has more than one item. These responsibili-
ties are basically the same, however, regardless of what
type of group is tested or how many items are included
in a test.

Pre-test Responsibilities

Pre-test responsibilities include everything that is to
be done before the actual testing of the students. These
responsibilities are as follows:

1. Develop a test schedule. Consider the days and min-
utes necessary for testing and the order in which the
items will be administered.

2. If the entire class cannot be tested at the same time,
plan an appropriate testing procedure. It may be nec-
essary to have a class activity with which all students
are familiar. While part of the group is tested, the
other students can participate in the activity.

3. Provide opportunities for the students to practice the
test items or activities similar to the items. Through
practice, the students will know how to perform
the items and know exactly what is expected during
the testing. The purpose of the test also should be
described.

4. Prepare the scorecards. The scorecards should be easy
to follow and to use. If scorecards are not to be used,
be prepared to score the results in another manner.

5. Train all test assistants, and make sure they are famil-
iar with their responsibilities. They should know how
to administer the test and be aware of all safety pre-
cautions. In addition, they should be prepared to deal
with any unplanned developments that may occur
during testing.

6. Know exactly how the test instructions are to be
given to the group. Practice giving the instructions. If
the instructions are rather involved, it may be wise to
write them on paper.

7. If smaller groups are needed, plan how they are to
be formed. If the absence of several students could
affect your method for forming groups, plan more
than one method.

8. Review all safety precautions. No one should be
injured while performing the test as a result of your
failure to take safety precautions.

9. Provide all necessary equipment and floor or court
markings. Test the equipment for safety, and make
sure that nothing on the field or court is unsafe.

Testing Responsibilities

When all pre-test responsibilities are completed, the test-
ing responsibilities are easier to perform. The essential
responsibilities are as follows:

1. Organize the group for instructions. The purpose of
the test should have been discussed during a previous
class meeting, but if it has not been, do so at this time.

2. Give test instructions. Always face the group and
speak clearly. Do not attempt to give the instructions
or demonstrate the items with your back to the group.

3. Demonstrate test items. If more appropriate, items
may be demonstrated after smaller groups are
formed. Whenever possible, have someone demon-
strate the items while you describe them.

4. If test assistants are available, form smaller groups.
The number of groups formed may depend on the
number of items on the test.
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5. Administer the test items. Insist that all individuals
perform the items correctly. Remember that the validity
and reliability of the test are affected if not all students
are required to perform the items in the same way.

6. If time allows, gather the group for reaction to the
test and discussion.

Post-test Responsibilities

If the test is to have meaning to the students, the follow-
ing post-test responsibilities should be completed:

1. Score all test items. Scoring the test may require the use
of norms. If norms (standardized or local) are available,
scoring is a simple task. If they are not available,
develop your own. Whether the test is norm-referenced
or criterion-referenced, you should calculate the mean,
mode, median, deciles, and standard deviation of the
test. These values will be useful in reporting the test
results to the class and in comparing classes.

2. If you are testing for grading purposes, determine the
grade for each student.

3. Interpret the test results to the students. This interpre-
tation should be presented immediately after the test
has been taken, and it should involve more than just
reporting the students’ grades. If some students did
not perform well on the test, discuss the possible
reasons with them. Discussion of a student’s perfor-
mance should not embarrass the student. If necessary,
conduct the performance review in a private confer-
ence with the student. Also, if criterion-referenced
standards are used, students will want to know how
the class did as a group.

4. Prescribe the appropriate program for all students. A
program for improvement should be planned for stu-
dents who did not perform well on the test; students

with satisfactory or better scores should be provided
opportunities for improvement also.

5. Evaluate the test. Did the test fulfill your reasons for
testing? Was it a learning experience for the students?
Did the pre-test, testing, and post-test procedures go
well? Make notes of any changes you should make in
your next administration of the test.

I ARE YOU ABLE TO DO THE FOLLOWING?

= Describe the proper procedures for administration of
psychomotor tests?

Types of Psychomotor Tests

Different types of psychomotor tests evolved during the
twentieth century. During the first half of the century,
there was much interest in measurement of an individual’s
motor ability (defined as the innate and acquired ability
of an individual to perform motor skills of a general
nature, exclusive of highly specialized sport or gymnastic
skills). However, the measurement of motor ability is no
longer popular, and its decline can be attributed to three
reasons. First, many physical educators question the exis-
tence of a general motor ability; they believe that abilities
are highly specific to the performance task. Second, the
construct validity of motor ability test batteries has never
been established. Last, a consensus does not exist on what
the components of motor ability are.

During the time that motor ability testing was com-
mon, tests were designed to measure motor capacity (the
individual’s potential ability to perform motor skills) and
motor educability (the individual’s ability to learn new
motor skills). These tests also are no longer popular. Rather,
it appears that now many physical educators measure the
physical performance components of agility, balance, car-
diorespiratory endurance, flexibility, muscular strength,

++ « POINT OF Y131 AN NI

= You should fulfill these major responsibilities whenever you administer psychomotor
tests. If you fail to do so, the validity, reliability, and objectivity of the tests may be
affected. Never take your test administration responsibilities lightly.
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and muscular endurance. Though there is no common
agreement on the basic components that underlie physical
performance, it cannot be disputed that individuals with
poor abilities in these areas are not likely to succeed in
sports and other physical activities. Tests often are used to
identify these individuals so that appropriate activities
may be prescribed to improve their weak abilities. In
addition, physical educators employed in schools and fit-
ness centers are measuring the components of health fitness
(cardiorespiratory fitness, flexibility, muscular strength,
muscular endurance, and body composition) because of the
current emphasis on well-being and health fitness.
Conducted since the early 1900s, sports skills meas-
urement is very popular today. Most, if not all, middle grade
and high school physical education programs include the
development of sports skills as a major objective. It is

important that valid, reliable, and objective tests be used
to measure these skills.

I ARE YOU ABLE TO DO THE FOLLOWING?
= Define motor ability, motor capacity, and motor educability?

Review Problem

Select three psychomotor tests (at least one of them
should have several items) described in this book and
refer to the provided references for descriptions of
their construction procedures. Note whether the proce-
dures are similar to the ones described in this chapter.
Also note how the validity and reliability of the tests
were determined.

- Chapter Review Questions -

1. An athletic trainer developed a new type of equip-
ment and test for shoulder flexibility. She used the
equipment and test with her athletes, but now wishes
to promote the test for use by others. What should she
do to establish the validity and reliability of the
equipment and test? (page 99)

2. As atest administrator, what things should you con-
sider to assure the validity and reliability of the test
you are using? (pages 101-102)
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Agility

gility, sometimes re-
ferred to as the ma-

neuverability of the body, ImpFovE gty

1. Define and measure agility.

After completing this chapter, you should be able to

2. State why agility should be measured.

3. Describe responsibilities after the measurement of agility and prescribe activities to

is the ability to rapidly
change the position and di-
rection of the body or body parts. Heredity is a major factor
in an individual’s level of agility, but agility also depends on
strength, speed, coordination, and dynamic balance. Many
individuals are able to improve agility by increasing their
ability in these areas. Agility also can be improved through
direct instruction, training, and practice of agility drills.
Agility is important in all activities and sports. Indi-
vidual and team sports involve quick starts and stops,
rapid changes of direction, efficient footwork, and quick
adjustments of the body or body parts. Individuals with
good agility have a better chance of success in a physical
activity than individuals with poor agility. Agility test
items are usually of three types: (1) change in running
direction, (2) change in body position, and (3) change in
body part direction. Examples of the three types are the

dodge or obstacle run (change in running direction), squat
thrusts (change in body position), and a test that requires
a change in the position of the hands or feet (change in
body part direction). Agility tests that require only move-
ment of the hands or feet are rarely used in physical edu-
cation. Agility may be specific to an activity or sport; you
should not expect, therefore, each individual to do equally
well on all agility tests. Most valid agility tests serve to
identify individuals with poor agility.

Why Measure Agility?

Improvement in agility is a worthy objective in both the
nonteaching and teaching environment. As a physical
educator, you should encourage children, youth, and
adults to maintain an active lifestyle. Some individuals

scores on the same test.

+ + + POINT OF {1 S NI

= Most of the tests presented in chapters 9 through 17 include norms or standards. As
the test administrator, you must decide if and how to use the norms and standards. In
some environments you may conclude that it is best not to use any norms or stan-
dards but to use the raw scores of test performers for comparison to future or past
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may wish to be active through recreational activities. Indi-
viduals with good agility are more likely to enjoy their recre-
ational activities than those with poor agility. In the school
environment, agility levels of students should not be used in
determining grades. How much improvement in agility will
occur in the amount of time spent on agility instruction in the
school environment is questionable. But if agility is an im-
portant factor in the performance of sports, and if you grade
sports skills, agility is graded. Agility tests are sometimes
used to classify students for a particular activity or sport,
but a test that measures the skill within the activity or sport
should be used for classification purposes.

Agility tests are best used for diagnostic purposes, to
determine which individuals have poor agility. In testing
for diagnostic purposes, criterion-referenced measurement
is more appropriate than norm-referenced measurement. A
predetermined score should be used to place individuals
into acceptable and unacceptable agility groups, and activ-
ities designed to improve agility should be prescribed for
the individuals placed in the unacceptable group. It is the
instructor’s responsibility to determine the appropriate
activities. Individuals with unacceptable agility may need
strength, speed, coordination, and dynamic balance devel-
opment exercises, or simple agility drills may serve the pur-
pose, depending on the individual. After completion of the
prescribed activities or drills, improvement in agility can be
determined by the administration of the same agility test.

Responsibilities after Measurement

Remember the assessment responsibilities described in
chapter 1. If you diagnose some students with poor agility,
you should identify the problems associated with their per-
formance and prescribe ways to improve their agility. If
the agility of some students is unacceptable because they

have inadequate muscular strength, prescribe the appro-
priate program to develop muscular strength. You also
may consider ways to improve speed, coordination, and
dynamic balance to aid the students. Activities for the
development of agility are described on pages 110—-112.

I ARE YOU ABLE TO DO THE FOLLOWING?
= Define agility and state why it should be measured?

= Describe responsibilities after the measurement of agility?

Tests of Agility

The agility tests selected for review are practical, inex-
pensive to administer, and satisfactory for both sexes.
Objectivity coefficients and norms are not reported for all
the tests. Norms can be developed to meet your specific
needs. You may want to develop local norms for the tests
for which norms are reported. Your primary purpose in
developing norms should be to establish a criterion-
referenced standard for the tests that you choose to use.

Obtaining consistency and comparability of results
requires that the agility tests be performed on a nonslip
surface, and all individuals should wear shoes that provide
good traction. In addition, the individuals should practice
performing the agility tests and should be familiar with
the performance requirements.

M Right-Boomerang Run
(Gates and Sheffield 1940)

Test Objective. To measure running agility.

Age Level. Ten through college-age.

Equipment. Stopwatch, tape measure, a chair or similar object
for center station, and four cone markers for outside points.

maintain agility.

accomplished through appropriate shoes and surface.

+ + « POINTS OF LYY AN NSRRI

= QOther than for athletes, the development and maintenance of agility are often not
emphasized in activity-fitness programs. If your professional responsibilities include
the promotion of an active lifestyle, you should include activities that develop and

= All agility test participants must have good traction with the test surface, which is
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TABLE9.1 Norms in Seconds for Right-Boomerang Run
for Seventh- and Eighth-Grade Males

Performance Level Score

Above average 12.9 and below

Average 13.0t0 13.9
(42% to 69%)

Below average 14.0 and above

Adapted from B. L. Johnson and J. K. Nelson, Practical measurements
for evaluation in physical education, 4th ed., Edina, Minn.: Burgess Pub-
lishing, 1986.

Validity. With the sum of T-scores for a fifteen-item agility
battery as the test criterion, a validity coefficient of .72 has
been reported for females. With a similar sixteen-item battery,
coefficients ranging from .78 to .87 have been reported for
junior high males.

Reliability. .93 for females and .92 for males.

Norms. Table 9.1 reports norms for boys in the seventh and
eighth grades.

Start Finish

Administration and Directions. A chair is placed 17 feet
from the starting line, and a cone marker is placed 15 feet on
each side of the center point. On the signal “Go,” the student
runs to the center station, makes a quarter turn right, runs
around the outside station and returns to the center, makes
another quarter turn, and completes the course as shown in figure
9.1. The student should be instructed to run as fast as possible
through the course and not to touch the chair or cones.

Scoring. The score is the time to the nearest one-tenth of a sec-
ond to complete the course. A penalty of one-tenth second is de-
ducted from the score for each time chairs or markers are touched.

B Sidestepping
(North Carolina Motor Fitness Battery 1977)

Test Objective. To measure agility, endurance, and speed of
lateral movement.

Age Level. Nine through seventeen.

Equipment. Stopwatch, measuring tape, and marking tape.
Validity. Face validity.

Reliability. Not reported.

Norms. Table 9.2 includes norms for males and females, ages
nine through seventeen.

FIGURE9.1 Right-boomerang run.
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TABLE9.2 Norms in Percentiles for Sidestep Test for Ages Nine through Seventeen

Age
Percentile 9 10 11 12 13 14 15 16 17
Males
95 19 19 20 21 23 23 25 23 26
90 17 18 19 19 21 21 23 22 25
85 16 17 18 20 22 21 23
80 15 17 18 19 20 21 22
75 16 20 20 21
70 16 17 18 19
65 14 15 19 19 20
60 15 16 17 18
55 13 14 18 19
50 15 18
45 14 16 17 17 18
40 12 13 17
35 13 14 15 16 17
30 11 12 16 16
25 12 13 14 15 16
20 10 I 15 15 15
15 9 10 11 12 13 14 14 14 14
10 8 9 10 11 11 13 13 13 12
5 7 8 8 9 10 11 11 10 10
Females
95 18 19 21 20 20 21 21 21 21
90 16 17 18 18 19 19 20 19 20
85 15 16 17 18 19 18
80 16 17 18 18 19
75 15 17 17 18
70 14 15 16 17 17
65 16 16
60 14 16 16
55 13 14 15 16
50 13 15
45 15 15
40 12 13 14 15 15
35 12 14
30 1 12 13 14
25 11 14 14 13 14
20 10 11 12 13 12 13
15 9 10 10 12 13 13 11
10 8 9 9 11 11 12 11 10 11
5 7 7 7 8 10 11 10 9 10

Adapted from North Carolina Motor Fitness Battery, Raleigh, N.C.: North Carolina Department of Public Instruction, 1977.
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Administration and Directions. Two parallel lines are placed
on the floor 12 feet apart as measured from the inside of the
lines. The test performer assumes a starting position inside the
lines, with one foot touching a line. On the signal “Start,” the
test performer (1) moves sideward with a sidestep, leading
with the foot nearest the line to be approached; (2) repeats the
sidestep until the foot has touched or gone beyond the line; and
(3) moves to the other line in the same manner. The test per-
former must face the same direction at all times, must not cross
his or her feet, and must not leap.

Scoring. One point is scored each time a foot touches or goes
beyond a sideline. The final score is the number of times a line
is touched in 30 seconds.

Bl SEMO Agility Test
(Kirby 1971)

Test Objective. To measure agility while moving the body
forward, backward, and sideward.

Age Level. High school and college.

Equipment. Four cone markers and a stopwatch.

Validity. .63 when correlated with the AAHPERD shuttle run
test.

Reliability. .88 for high school and college males.
Objectivity. .97.

Norms. Kirby provided norms for college males.

C D
. Backpedal )
Sprint Sprint
19 ft.
s
Sidestep . Start
5. v - Finish

FIGUREY9.2 SEMO agility test.

Administration and Directions. Cones are placed in each
corner of the free-throw lane of a basketball court or in the
corners of a 12-by-19-foot rectangle that is on a good running
surface (see figure 9.2). Beginning at point A facing the free-
throw line, on the signal “Go,” the test performer (1) sidesteps
to outside of point B; (2) backpedals from B to D, passing
inside D to be in a position facing A; (3) sprints to A, passing
around the cone; (4) backpedals from A to C, passing inside C
to be in a position facing B; (5) sprints to B, passing around
the cone; and (6) sidesteps from B to the finish line at A.
Scoring. Two trials are permitted, with the better time
recorded to the nearest one-tenth of a second. Practice trials
should be given before the test is administered. Do not permit
crossover steps when the sidestep is performed. Also, require
the student to keep the back perpendicular to an imaginary line
connecting the corner cones when performing the backpedal. If
the student performs any part of the test incorrectly, the test is
invalid. The test should be administered until the student per-
forms one trial correctly. With Kirby’s norms, if a college male
requires more than 13.02 seconds to complete the course, he is
classified as an advanced beginner. Johnson and Nelson (1986)
report that a college female who requires more than 14.50 sec-
onds also is classified as an advanced beginner.

B AAHPERD Shuttle Run
(AAHPERD 1976a)

Test Objective. To measure agility while running and chang-
ing direction.

Age Level. Nine through college-age.

Equipment. Stopwatch, measuring tape, marking tape, and
two blocks of wood (2”7 X 2”7 X 4”).

Validity. Not reported by AAHPERD.

Reliability. Not reported by AAHPERD.

Norms. Table 9.3 provides quartile norms for ages nine
through seventeen and up. The President’s Challenge, described
in chapter 15, includes the shuttle run as a test component. To
qualify for the National Physical Fitness Award, a student must
score no less than the fiftieth percentile on all components of
the President’s Challenge. Comparing the shuttle run fiftieth
percentile scores in tables 9.3 and 15.14, you will note that they
differ. The percentile scores for the Challenge were established
at a later date than the AAHPERD shuttle run percentiles.
Administration and Directions. Lines are placed 30 feet apart
with marking tape. The two blocks are placed adjacent to and out-
side of the line not being used as the starting line. On the signal
“Go,” the test performer (1) runs from the starting line to the blocks
and picks one up; (2) returns to the starting line and places the block
behind the line; (3) runs to pick up the second block; and (4) returns
to the starting line and places the second block behind the line.
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TABLE9.3 Normsin Seconds for AAHPERD Shuttle Run for Ages Nine through Seventeen+

Age
Percentile 9-10 11 12 13 14 15 16 17+
Males
95 10.0 9.7 9.6 9.3 8.9 8.9 8.6 8.6
75 10.6 10.4 10.2 10.0 9.6 9.4 9.3 9.2
50 11.2 10.9 10.7 10.4 10.1 9.9 9.9 9.8
25 12.0 11.5 11.4 11.0 10.7 10.4 10.5 10.4
0 17.0 20.0 22.0 16.0 18.6 14.7 15.0 15.7
Females
95 10.2 10.0 9.9 9.9 9.7 9.9 10.0 9.6
75 111 10.8 10.8 10.5 10.3 10.4 10.6 10.4
50 11.8 11.5 11.4 11.2 11.0 11.0 11.2 111
25 12.5 12.1 12.0 12.0 12.0 11.8 12.0 12.0
0 18.0 20.0 15.3 16.5 19.2 18.5 249 17.0

Adapted from AAHPERD, AAHPERD youth fitness test manual, Reston, Va.: American Alliance for Health, Physical Education, Recreation and Dance, 1976.

Scoring. Two trials are permitted. The better time to the near-
est one-tenth second is accepted as the score. Rest should be
allowed between trials. The student is not permitted to throw
or drop the blocks. To eliminate this problem, test givers some-
times administer the test without the blocks; the student is
instructed to touch behind the line.

B Barrow Zigzag Run
(Barrow and McGee 1979)

Test Objective. To measure agility while running and chang-
ing direction.

Age Level. Grade seven through college. (Though this test was
originally designed for males, it may be satisfactorily used
with grade seven through college-age females.)

Equipment. Stopwatch and five standards that are used for
high jump, volleyball, or badminton. Cones also may be used.
Validity. .74, with the total score for twenty-nine test items
measuring eight factors.

Reliability. .80.

Objectivity. .99.

Norms. Table 9.4 reports norms for males in grades seven
through eleven.

Administration and Directions. The course is designed as
shown in figure 9.3. On the signal “Go,” the test performer
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runs, as fast as possible, the prescribed course in a figure eight
fashion for three complete laps. The standards should not be
touched in any manner. If a foul is committed or the course is
run improperly, the student is required to run the course again.
(The validity and reliability of the test would probably be
affected minimally if you required the students to run only
two laps.)

Scoring. The score is the time to the nearest one-tenth second
required to complete the course three times.

Activities to Develop Agility

McClenaghan and Gallahue (1978) suggest the following
activities for the development of agility in young children.
These activities, or modifications of them, also may be
used for junior and senior high students with poor agility.

Changes in the Height of the Body in Jumps

1. Alternate jumping maximum and minimum heights.
2. Alternate fast and slow jumping.

3. Jump while tossing an object to yourself.

4

Hop on one foot.



TABLE9.4 Normsin Seconds for Barrow's Zigzag Run for Seventh- through Eleventh-Grade Males

Grade
Performance Level 7 8 9 10 11
Above average 25.2 and below 24.5 and below 24.6 and below 25.8 and below 25.8 and below
Average (T-score 45 to 55) 29.0t0 25.3 29.5t024.6 27.9t0 24.7 28.9t025.9 28.9t0 25.9
Below average 29.1 and above 29.6 and above 28.0 and above 29.0 and above 29.0 and above

Adapted from H. M. Barrow and R. McGee, A practical approach to measurement in physical education, 3d ed., Philadelphia: Lea & Febiger, 1979.
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FIGURE9.3 Barrow zigzag run.

5. Hop two to four times on one foot, then the same
number of times on the other foot.

6. Jump over a stationary rope.
7. Jump over a swinging rope.

8. Jump over a turning rope.

9.

Jump over a rope you are turning.

10. Jump rope with a partner.

Changes in Distance

o
=3

1.

o W N SN BNt A W N

Jump as far as you can.

. Jump as near as you can.

. Jump and land with your feet in different positions.
. Jump backward.

. Walk backward.

. Run backward or sideward.

. Leap over objects.

. Jump different heights.

. Jump and land lightly.

. Jump and land on different surfaces.

Changes in Direction

1.

LA SE R

Jump and turn (quarter, half, three-quarter, and full
turn).

Jump forward, then sideward, then backward.
Jump in a circle, square, triangle, and so forth.
Run between chairs.

Run forward and change direction quickly, on
command.

Slide sideways and change direction quickly, on
command.
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7. Jump over a turning rope and change your body
position.

8. Move forward, sideward, or backward while jump-
ing over a rope you are turning.

9. Run through a series of tires (laid flat on the
ground).

10. Do tumbling tricks requiring your body to roll in
various ways (log rolls, forward rolls, backward
rolls, and so on).

Other Agility Activities

Side-Straddle Hop (Jumping Jacks). Stand erect with
arms at sides and feet together; jump, spreading the legs
to the side and at the same time bring the arms overhead;
jump and return to starting position; attempt to perform in
a smooth and continuous action. One side-straddle hop is
counted each time you return to the starting position.

Heel Touch. Stand erect with hands at the sides; jump
and touch both heels with the fingers. Each jump is
counted as one.

Treadmill. Assume push-up position with right leg for-
ward; keep hands in place while alternately bringing one
leg forward and extending the other leg in a running posi-
tion. One treadmill is counted each time the right leg is
forward.

Zigzag Run. Arrange chairs in a position to provide a
zigzag course; run as fast as possible in a zigzag course
around the chairs.

; Chap,t,e”r Révi‘eleuest'ibn‘_‘s e

Review Problems

1. Review additional agility tests found in other text-
books. Note the groups for whom the tests are
intended and the validity, reliability, and objectivity
coefficients.

2. Administer one of the tests described in this chapter to
several of your fellow students. Ask them to provide
constructive criticism of your test administration.

3. An elementary physical education teacher adminis-
tered the ten-second squat thrust and the AAHPERD
shuttle run tests to 15 ten-year-old boys. Determine
the relationship of the two groups of scores.
Interpret the correlation coefficient.

10-Second Squat AAHPERD Shuttle
Student Thrust (Number) Run (Seconds)
A 7.00 9.8
B 6.50 10.8
C 5.50 11.4
D 7.50 9.6
E 5.25 12.0
F 6.50 10.4
G 6.75 10.5
H 6.00 11.0
1 5.75 11.4
J 5.00 12.5
K 6.00 11.3
L 6.75 10.3
M 5.75 11.2
N 6.50 10.7
(@) 5.75 11.5

1. What is the definition of agility? Is agility considered
a health-related physical fitness component?

(page 105)
2. Why is it important to measure agility? (pages 105-106)
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3. What are your responsibilities after you measure
agility? In addition to agility drills, what other vari-
ables might individuals seek to improve to increase
their agility? (page 106)



Balance

alance is the ability
to maintain equilib-

. . improve balance.
rium against the force of 3

After completing this chapter, you should be able to
1. Define balance, static balance, and dynamic balance, and measure static and dynamic balance.
2. State why balance should be measured.

3. Describe responsibilities after the measurement of balance and prescribe activities to

gravity. The balance cen-

ter (semicircular canal) in the inner ear, the kinesthetic
sense in the muscles and joints (“feel” of an activity), and
visual perception contribute to balance. In certain posi-
tions, balance also is affected by strength. If the support-
ing muscles cannot hold the body weight, body parts,
or an external weight firmly in position, balance is lim-
ited. For some individuals, increased strength results in
improved balance.

Basically, there are two types of balance: static and
dynamic. The recovery of balance, after the body’s bal-
ance has been disturbed, may also be considered a type of
balance. Static balance, the ability to maintain equilib-
rium while stationary, is often thought of as steadiness.
Maintaining static balance requires that the person’s cen-
ter of gravity be over the base of support. Assuming a
position to shoot arifle, looking through a microscope, and
posing for a photographer are examples of static balance.

Dynamic balance is the ability to maintain equilibrium
while in motion or to move the body or parts of the body
from one point to another and maintain equilibrium.
Dancing, walking, driving a golf ball, and bowling are
examples of dynamic balance. Static and dynamic bal-
ance are necessary for successful performance in physical
activity, but the ability to recover balance is also essential in
many activities. Running, kicking, hopping, dismounting
from gymnastics apparatus, performing gymnastic floor
exercises, and wrestling are examples of such activities. In

fact, all human motion occurs as a result of the disturbance
of the body’s balance.

Why Measure Balance?

Balance is necessary not only in sports and related physi-
cal activities but also in our usual, everyday activities.
Individuals with poor balance are at a disadvantage in
efficiently performing most physical activities. Also, these
individuals are at a greater risk to fall and injure them-
selves during physical activity. Though heredity may be a
factor, an individual’s ability to maintain balance can be
improved through appropriate physical activities. Thus,
since performance of any physical skill requires some
degree of balance and since balance can be improved, bal-
ance tests should be used to identify those individuals with
poor balance. Activities then should be prescribed to
improve their balance. However, as balance is specific to
a body part or parts and may be specific to a sport or phys-
ical activity, different types of balance tests should be used
for diagnostic purposes. Also, different types of activities
designed to improve balance should be prescribed.

As was recommended for agility if teaching physical
education, specific improvement in balance should not be
used to determine grades. If balance is an important com-
ponent of a physical activity, the student’s performance in
that activity will be affected by the degree of balance.
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= The decline in strength significantly affects the balance of older individuals. Many of
these individuals can improve their balance by increasing their strength. By improv-
ing both of these components, older individuals may avoid injuries as a result of falls.

Through the assigning of grades for performance in an
activity, balance has been graded.

Responsibilities after Measurement

As with agility measurement, you may identify students
who appear to not have the necessary strength to maintain
good balance. Increasing the strength of these students
may improve their balance. Balance also can be improved
through intensive practice of activities that place individ-
uals (1) in balanced positions that they attempt to main-
tain and (2) in balanced positions that help them develop
a “feel” (kinesthetic sense) for such positions. Addition-
ally, balance can be improved through activities that place
individuals in a state of imbalance, forcing them to
recover balance. A program that involves both strength
development and a variety of balance activities may be
best. You should seek to develop the appropriate program
for the students. Activities to develop balance are
described on page 118.

N ARE YOU ABLE TO DO THE FOLLOWING?

= Define balance, static balance, and dynamic balance,
and state why static and dynamic balance should be
measured?

= Describe responsibilities after the measurement of
balance?

Tests of Balance

Balance tests are classified as static or dynamic. The tests
reviewed are practical, inexpensive to administer, and sat-
isfactory for both sexes. Reliability and objectivity coeffi-
cients are not available for all the tests, and, regrettably, the
published norms are primarily for college-age individuals.
It will be necessary to develop norms for the population
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with which you are working. It is recommended that bal-
ance test norms be used in the same manner as agility
norms to develop criterion-referenced standards. Though
not a factor in all balance tests, fatigue may influence the
performance of some individuals. For this reason, it is best
not to administer balance tests after any strenuous activity.
So that the test performers will be familiar with the test,
permit them to practice the test. Practice enables many
individuals to score better.

Static Balance Tests

W Stork Stand
(Johnson and Nelson 1986)

Test Objective. To measure stationary balance while the body
weight is supported on the ball of the foot of the dominant leg.
Age Level. Ten through college-age.

Equipment. Stopwatch.

2
%

FIGURE 10.1 Stork stand.




Validity. Face validity.

Reliability. Coefficients of .85 and .87 have been reported
using the test-retest method.

Objectivity. Johnson and Nelson (1986) report a study that
found an objective coefficient of .99.

Norms. Table 10.1 reports norms for college students.
Administration and Directions. Individuals may be tested in
pairs. The test performer stands on the foot of the dominant
leg, places the other foot against the inside of the supporting
knee, and places the hands on the hips as shown in figure 10.1.
On the signal “Go,” the performer raises the heel of the domi-
nant foot from the floor and attempts to maintain balance as
long as possible. The test administrator counts aloud the sec-
onds. The partner of the test performer records the number of
seconds the performer is able to maintain balance. The trial is
ended when the hands are moved from the hips, when the ball
of the dominant foot moves from its original position, or when
the heel touches the floor. Three trials are administered.
Scoring. The best time, in seconds, of the three trials is the
score. Since there is no time limit, and some individuals may
be able to maintain their balance for some time, you may
choose to halt the performance of those individuals who
exceed the norm for above average.

M Bass Stick Test (Lengthwise)
(Bass 1939)

Test Objective. To measure stationary balance while the
weight of the body is supported on a small base of support on
the ball of the foot.

Age Level. Ten through college-age.

FIGURE10.2 Bass
lengthwise stick test.

Equipment. Sticks 1”7 X 1”7 X 12” (you may test one-half

of the class at the same time if you have enough sticks),
stopwatch, and adhesive tape.

Validity. Face validity is accepted.

Reliability. .90.

Norms. Table 10.1 reports norms for college students.
Administration and Directions. All sticks should be taped to
the floor. Individuals may be tested in pairs. The test performer
places a foot lengthwise on the stick (ball of the foot and heel
should be in contact with the stick). On the signal “Go,” the

TABLE 10.1 Norms in Seconds for Stork Stand, Bass Stick Test (Lengthwise), and Bass Stick Test (Crosswise) for College Students
Performance Level Stork Stand Bass Stick (LW) Bass Stick (CW)
Males
Above average 37 and above 306 and above 165 and above
Average 15 to 36 221 to 305 65 to 164
Below average 14 and below 220 and below 64 and below
Females

23 and above
810 22

7 and below

Above average
Average

Below average

301 and above
206 to 300
205 and below

140 and above
60 to 139
59 and below

Adapted from B. L. Johnson and J. K. Nelson, Practical measurements for evaluation in physical education, 4th ed., Edina, Minn.: Burgess Publishing, 1986.
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performer lifts the opposite foot from the floor, raises the heel
of the dominant foot from the stick, and attempts to hold this
position for a maximum of 60 seconds (see figure 10.2). The
test administrator counts aloud the seconds while the partner of
the performer records the number of seconds the performer is
able to maintain balance. The trial is ended when any part of
either foot touches the floor. Three trials are taken on each foot.
If any performers lose their balance within the first 3 seconds of
a trial, the trial is not considered an attempt.

Scoring. The score is the total time in seconds for all six
trials, three on each foot.

H Bass Stick Test (Crosswise)
(Bass 1939)

The crosswise stick test is the same as the lengthwise test
except that the ball of the foot is placed crosswise on the stick.
Table 10.1 includes norms for college students.

You will find additional static balance tests directly related
to gymnastics performance in other measurement textbooks.
Head balance, head and forearm balance, and handstands are
examples of such tests.

Dynamic Balance Tests

B Johnson Modification of the Bass Test of Dynamic Balance
(Johnson and Nelson 1986)

Test Objective. To measure the ability to maintain balance
during movement and upon landing from a leap.

Age Level. High school through college.

Equipment. Stopwatch, tape measure, and floor tape.
Validity. Face validity; .46 when correlated with Bass test of
dynamic balance.

Reliability. .75 using test-retest.

Objectivity. .97.

Norms. Johnson and Nelson (1986) provide norms for college
women.

Administration and Directions. Eleven pieces of tape

(1”7 X 3/4”) are placed in the pattern shown in figure 10.3. The
test performer (1) stands with the right foot placed on the start-
ing mark; (2) leaps to the first tape mark, lands on the ball of
the left foot, and attempts to hold for 5 seconds; (3) leaps to
the second tape mark, lands on the ball of the right foot, and
attempts to hold for 5 seconds; and (4) continues to the other
tape marks, alternating feet and attempting to hold a steady
position for 5 seconds. The ball of the foot must completely
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FIGURE 10.3 Floor pattern for modified Bass dynamic
balance test.

cover the tape. The test administrator should count aloud the
seconds of each balance.
Scoring. The test scoring is as follows:

5 points for landing successfully on the tape mark (tape
completely covered)

1 point (up to 5 seconds) for each second the steady posi-
tion is held on the tape marks



A maximum of 10 points per tape mark and 100 points for the
test may be earned. The test performer is penalized 5 points for
any of the following landing errors:

 Failing to stop upon landing.

* Touching the floor with any part of the body other than the
ball of the landing foot.

+ Failing to completely cover the tape mark with the ball of
the foot.

If the test performer makes a landing error, the correct balance
position may be assumed and held for a maximum of 5 seconds.

If the test performer lands successfully on the tape mark but
commits any of the following errors before completing the
S-second count, a penalty of 1 point is taken away:

» Touching the floor with any part of the body other than the
ball of the landing foot.

» Failing to hold the landing foot steady while in the steady
position.

If balance is lost, the test performer must return to the proper

mark and leap to the next mark.

B Balance Beam Walk
(Jensen and Hirst 1980)

Test Objective. To measure balance while walking on a
balance beam.
Age Level. Nine through college-age.

Equipment. Regulation balance beam and stopwatch.
Validity. Face validity.

Norms. No norms reported.

Administration and Directions. Standing on one end of the
beam, the test performer slowly walks the full length of the
beam, pauses for 5 seconds, turns around, and walks back to
the starting point. Three trials are allowed.

Scoring. Pass/fail. There is no time limit for this beam walk
(the test performer walks until he or she falls), so the test could
require much class time to administer. You may want to
shorten the time for test administration or to increase the diffi-
culty of the test by limiting the amount of time permitted to
complete the test. The test difficulty may also be increased
through the use of a 2-inch balance beam.

B Modified Sideward Leap
(Scott and French 1959; Safrit 1986)

Test Objective. To measure the ability to maintain balance
during movement and upon landing from a leap.

Age Level. Junior high through college.

Equipment. Stopwatch, tape measure, and floor tape.
Validity. Face validity.

Reliability. .66 to .88 at differing age levels.

Norms. No norms reported.

Administration and Directions. Place three 1-inch square
spots in a straight line, 18 inches apart, as shown in figure 10.4.
Place additional spots at right angles to the line. These spots

FIGURE 104 Floor marking for the

" B— modified sideward leap test.

18”
X X X
Starting point
- > u A
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should be 3 inches apart and range in distance from spot A

(24 to 40 inches) according to the height of the test performers.
Three or four spots properly placed will usually cover the
range in height. Place a small cork (may be the bottom of an
old badminton bird) or other light object on spot B.

The test performer (1) places the left foot on mark X with
the right side toward spot A (the correct spot for each individual
may be determined through practice); (2) leaps sideward and
lands on the ball of the right foot on spot A (the leap should
require both feet to be off the floor at the same time, but it
should not require extensive effort); (3) immediately leans for-
ward and, using only one hand, pushes the cork off spot B (the
floor should not be touched with either hand); and (4) holds a
balanced position for 5 seconds (the position may be either for-
ward or erect). Four trials are administered: two as above, and
two with the student placing the right foot on mark X, landing
on the ball of the left foot, and leaning forward to spot C.
Scoring. The maximum number of points for each trial is 15:

1. 5 points for landing correctly on spot A.

2. 5 points for leaning and pushing the object off spot B or C.

3. 1 point for each second that balance is held on spot A, up
to 5 seconds.

Activities to Develop Balance

Nichols, Arsenault, and Giuffre (1980) recommend the
following activities for the teaching of balance to ele-
mentary students, but the activities, or modifications of
them, may be practiced at any level of instruction.

Static Balance Activities

Knee Balance. 1In akneeling position, attempt to balance
on one knee while the arms are to the side. The position is
held for 10 to 15 seconds, then the other knee is used.

Stork Stand. While in the same position as the stork stand
test, attempt to hold the position for 10 to 20 seconds.

Swan Stand. Lean forward at the hips and lift the right
foot off the floor. While balancing on the left foot, lift the
right leg behind as high as possible. Hold for 10 to 15 sec-
onds. Repeat on the other foot.

V-Sit.  Sit on the floor and lift the arms and legs into the air
while balancing on the buttocks. Hold for 10 to 20 seconds.

Dynamic Balance Activities

Tape Line. Tape a line on the floor, then (1) walk for-
ward, backward, and sideways; (2) walk while balancing
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a book or a beanbag on the head; and (3) run, hop, or skip
in different directions.

Hopping. Tryto (1) hop over objects using the left foot and
then the right; (2) hop with the eyes closed; (3) hop while
holding onto different objects; or (4) hop in and out of tires.

Rug Twister. Place a rug sample so that the rubber back-
ing faces upward. Stand on the rug and twist back and
forth to move around the floor.

Hop Leap. Place tape marks on the floor approximately
1 yard apart. Leap from mark to mark, alternating the
landing foot. Maintain a one-foot static balance on each
mark for 5 seconds.

Recapturing Balance Activities

1. Jump off a low bench, landing with both feet inside a
hoop.

2. Jump forward off a chair and clap the hands above
the head while in midair.

3. Jump forward off a chair with one foot going forward
and the other backward, and land with the legs back
together.

4. Jump forward off a low bench, make a half turn in
midair, and land facing the bench.

5. Jump sideways off a low bench. Jump backward.

6. Jump forward off a chair and catch a ball in midair.

The balance beam and walking boards can be used for
many types of balance activities. The boards should be
different widths, heights, and inclines to provide chal-
lenges that increase in difficulty. When the students are
first using the balance beam, it may be best to have it at a
low height. As the students gain confidence, the height
can be increased.

Review Problems

1. Review additional balance tests found in other text-
books. Note the groups for whom the tests are intended
and the validity, reliability, and objectivity coefficients.

2. Administer one static balance test and one dynamic
balance test described in this chapter to several of
your classmates. Ask them to provide constructive
criticism of your test administration.



Chapter Review Questions

1. What is the definition of balance? (page 113) 4. Why is it important to measure balance, and what
are your responsibilities after the measurement of

2. What is the difference between static balance and balance? (pages 113—114)

dynamic balance? (page 113)

3. What variable plays an important role in the ability to
maintain balance? (page 113)

Balance 119






Cardiorespiratory Fitness

ardiorespiratory
fitness is the ability
to perform large muscle,
whole body physical activ-
ity of moderate to high
intensity for relatively long

After completing this chapter, you should be able to
1. Define and measure cardiorespiratory fitness.
2. State why cardiorespiratory fitness should be measured.

3. Describe the purpose of pre-test/pre-activity screening and state who should undergo
medical clearance before they participate in cardiorespiratory fitness testing.

4. Describe responsibilities after the measurement of cardiorespiratory fitness and prescribe
activities and exercises to develop cardiorespiratory fitness.

periods of time. It is the

ability of the circulatory and respiratory systems to adjust
to vigorous exercise and to recover from the effect of such
exercise. It involves the functioning of the heart and
lungs, the blood and its capacity to carry oxygen, the
blood vessels and capillaries supplying blood to all parts
of the body, and the muscle cells, which use the oxygen to
provide the energy necessary for endurance exercise.
Activities such as aerobic dance, distance running, brisk
walking, swimming, bicycling, and cross-country skiing
are associated with cardiorespiratory fitness. Terms such as
aerobic power, aerobic fitness, cardiovascular endurance,
and cardiorespiratory endurance essentially mean car-
diorespiratory fitness.

Cardiorespiratory fitness indicates a high state of effi-
ciency of the circulatory and respiratory systems in sup-
plying oxygen to the working muscles. The more oxygen
you are able to take in and utilize, the longer you are able
to work (exercise) before fatigue or exhaustion occurs.
Generally, the more intense the work or performance of an
activity, the greater the amount of oxygen processed by the
body (oxygen uptake). The greatest rate at which oxygen
can be taken in and utilized during exercise is referred to
as maximum oxygen consumption (VO,max). VO,max is

also termed maximum oxygen intake, maximum oxygen
uptake, or aerobic capacity. Because oxygen consumption
is related to body weight, VO,max is usually reported as
the volume of oxygen consumed per kilogram of body
weight per minute of work (mL-kg ™ '-min""). The VO,max
an individual can attain measures the effectiveness of the
heart, lungs, and vascular system in delivering oxygen
during heavy work and the ability of the working cells to
extract it. The higher the VO,max attained, the more effec-
tive the circulatory and respiratory systems. VO,max in
untrained college males generally ranges from 42 to 45
mL kg™ "min~" of work, whereas values for females are 3
to 4 milliliters lower at the same level of fitness. Many
endurance athletes have been able to achieve values as
high as 65 to 80 mL-kg ™ 'min~".

Why Measure Cardiorespiratory Fitness?

Because flexibility, muscular strength, and muscular
endurance exercises may reduce the frequency of muscu-
loskeletal problems and other health problems, they should
be included in an exercise program. However, the most
important aspect of an exercise program is cardiorespiratory
conditioning. Performed with the correct intensity, duration,
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and frequency, cardiorespiratory conditioning activities serve
the following purposes:

1. Increase physical working capacity at all ages.

2. Decrease the risk of developing obesity and problems
associated with obesity.

3. Decrease the risk of coronary artery disease and stroke.

4. Decrease the risk of diabetes (enhance the body’s
ability to use insulin).

5. Help maintain bone density (weight-bearing activity).

6. Reduce the risk of certain cancers (especially colon
and breast).

7. Help reduce the symptoms of arthritis.
8. Aid in the management of both stress and depression.

9. Enable most people to feel better, physically and
mentally.

These health benefits are very important. In your pro-
fessional responsibilities, you should be prepared to help
individuals attain them. Through measurement you can
identify individuals who have poor cardiorespiratory fit-
ness and then prescribe the appropriate activities for them.
Some individuals are motivated when taking the test to
adopt or to continue an active and healthful lifestyle. In
addition, cardiorespiratory tests may be used to screen indi-
viduals for other activities. However, the screening test
should not take the place of a medical examination, and
maximal effort should not be required unless the test is con-
ducted under proper conditions (emergency care equip-
ment available along with personnel qualified to use it).

Cardiorespiratory fitness testing is often performed
before and after participation in physical conditioning
activities to measure changes in fitness. Sometimes, in
the school environment, the cardiorespiratory test results
may be included in the determination of a unit grade.
Unless prohibited because of medical problems, all indi-
viduals can experience change in cardiorespiratory fit-
ness through proper conditioning activities. However, if
a score on a cardiorespiratory fitness test is to be used in
the grading process, reasonable objectives should be
stated at the beginning of the unit and an appropriate
amount of time (weeks) should be provided for the
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attainment of the objectives. Additionally, the grading
process may be based upon fitness goals for each indi-
vidual. After the administration of a pre-test, appropriate
goals can be planned for each student. Students who
demonstrate a high level of fitness on the pre-test should
not be expected to demonstrate significant changes in
their fitness scores. Students also may be asked to main-
tain daily records of their physical activities. Whatever
grading methods are used, all students should have the
opportunity for success.

The ACSM'’s Health-Related Physical Fitness Assess-
ment Manual (American College of Sports Medicine
2005) and Physical Activity and Health: A Report of the
Surgeon General (U.S. Public Health Service 1996) pro-
vide further information about the benefits of cardiorespi-
ratory fitness. Additionally, the ACSM manual is an
excellent reference for measurement of all health-related
physical fitness components (described in chapter 15).

Pre-Test/Pre-Activity Screening

When testing adults, it is critical that pre-testing/
pre-activity screening be conducted. The screening may
include medical clearance by a physician. Certainly, any-
one who has cardiovascular disease or who is considered
at high risk for cardiovascular disease should have med-
ical clearance before undergoing cardiorespiratory fitness
testing. The American College of Sports Medicine (2005)
and other sources recommend that medical clearance also
be provided for the following:

* Males = 45 years old; females = 55 years old.

* Adults who are going to perform vigorous physical
activity.

e Adults who are new to exercise or unaccustomed to
exercise.

At the very least, a screening questionnaire should be
required of all adults before the administration of a car-
diorespiratory fitness test. The Physical Activity Readi-
ness Questionnaire (PAR-Q) in figure 11.1 is widely used
for this purpose. The PAR-Q serves to prevent individu-
als from participating in physical tests and activities that
may be too strenuous for them and may indicate the need
of physician supervision for any type of cardiorespiratory
fitness testing. Certainly, all individuals with symptoms



Physical Activity Readiness

Questionnaire - PAR-Q
(revised 1994) P A R & YO U
-

(A Questionnaire for People Aged 15 to 69)

Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day. Being more active
is very safe for most people. However, some people should check with their doctor before they start becoming much more physically
active.

If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. If
you are between the ages of 15 and 69, the PAR-Q will tell you if you should check with your doctor before you start. If you are over 69
years of age, and you are not used to being very active, check with your doctor.

Common sense is your best guide when you answer these questions. Please read the questions carefully and answer each one honestly:
check YES or NO.

1. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?

»

Do you feel pain in your chest when you do physical activity?

In the past month, have you had chest pain when you were not doing physical activity?

Do you lose your balance because of dizziness or do you ever lose consciousness?

Do you have a bone or joint problem that could be made worse by a change in your physical activity?

Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart condition?

oooooo o8

Do you know of any other reason why you should not do physical activity?

YES to one or more questions

Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a
fitness appraisal. Tell your doctor about the PAR-Q and which questions you answered YES.
you * You may be able to do any activity you want—as long as you start slowly and build up gradually. Or, you may need to restrict
your activities to those which are safe for you. Talk with your doctor about the kinds of activities you wish to participate in and
answe red follow his/her advice.

« Find out which community programs are safe and helpful for you.

DELAY BECOMING MUCH MORE ACTIVE:
« if you are not feeling well because of a temporary illness such
as a cold or a fever — wait until you feel better; or

NO to all questions

If you answered NO honestly to all PAR-Q questions, you can be reasonably
sure that you can:
« start becoming much more physically active — begin slowly and build
up gradually. This is the safest and easiest way to go.
« take part in a fitness appraisal — this is an excellent way to determine
your basic fitness so that you can plan the best way for you to live
actively.

« if you are or may be pregnant — talk to your doctor before you
start becoming more active.

Please note: If your health changes so that you then answer YES to
any of the above questions, tell your fitness or health professional.
Ask whether you should change your physical activity plan.

Informed Use of the PAR-Q: The Canadian Society for Exercise Physiology, Health Canada, and their agents assume no liability for persons who undertake physical activity, and
if in doubt after completing this questionnaire, consult your doctor prior to physical activity.

You are encouraged to copy the PAR-Q but only if you use the entire form

NOTE: If the PAR-Q is being given to a person before he or she participates in a physical activity program or a fitness appraisal this section may be used for legal or
administrative purposes.

| have read, understood and completed this questionnaire. Any questions | had were answered to my full satisfaction.

NAME
SIGNATURE DATE
SIGNATURE OF PARENT WITNESS

or GUARDIAN (for participants under the age of majority)

Santé

© Canadian Society for Exercise Physiology Supported by: Health
I"l Canada Canada

Société canadienne de physiologie de I'exercice

FIGURE 11.1 The Physical Activity Readiness Questionnaire.
(Courtesy of the Canadian Society for Exercise Physiology.)
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of cardiopulmonary disease or known cardiopulmonary
disease should be tested only with physician supervision.
As a test administrator, you should recognize that good
judgment may mean the postponement of cardiorespira-
tory fitness testing when the influence of any of the test
variables could jeopardize the health of the test performer.

Responsibilities after Measurement

After completion of the measurement process, the appro-
priate cardiorespiratory fitness program should be
prescribed for all individuals. The selection of a car-
diorespiratory fitness program for a group often is deter-
mined by the facilities and equipment available. In the
school environment, students usually must participate in
the same program. When possible, however, every effort
should be made to individualize the students’ programs.
The intensity level usually will not be the same for every
student tested, and students with a high level of fitness
probably will need less monitoring or guidance than stu-
dents with low fitness. As a teacher, you also may con-
sider the use of activity journals in which the students
record their daily physical activities. Upon review of the
students’ journals, appropriate recommendations regard-
ing their physical activities can be made. Guidelines
for the development of cardiorespiratory fitness are
described on pages 133—136.

I ARE YOU ABLE TO DO THE FOLLOWING?

= Define cardiorespiratory fitness and state why it should
be measured?

= Describe the purpose of pre-test/pre-activity screening
and state who should undergo medical clearance before
they participate in cardiorespiratory fitness testing?

= Describe responsibilities after the measurement of
cardiorespiratory fitness?

Tests of Cardiorespiratory Fitness

The best single measure of cardiorespiratory fitness is
VO,max, but performing this measurement requires
expensive equipment (a treadmill or bicycle ergometer
and expired gas analysis equipment) and trained person-
nel. Because of these requirements, VO,max tests are
rarely performed in physical education classes and in
other environments only by certified individuals. Exer-
cise physiology classes provide more detailed instruc-
tions about laboratory methods used to determine
VO,max. Cardiorespiratory fitness tests that require
inexpensive equipment and that can be administered to
large groups are presented here. However, validity, reli-
ability, and objectivity coefficients are not available for
all the tests presented.

Because oxygen consumption has a direct linear
relationship to heart rate, cardiorespiratory fitness can
be estimated by measurement of the heart rate during
and after testing. Though electronic measurement of the
heart rate is preferred for accuracy, it is not practical or
feasible in the testing of groups. In group testing, the
heart rate is usually measured by counting the pulse rate

++ « POINT OF A1 1 AN NI

= |n choosing which cardiorespiratory test to administer to a group, you should always
consider the criteria of a good test described in chapter 5. You also must consider other
factors. For example, some individuals may truly dislike running or be prohibited from
weight-bearing activities because of joint problems. Also, some individuals may be
such inefficient swimmers that they perform poorly on swimming tests. It is not practi-
cal to administer several different tests to members of a group, but you should seek to
use a test that best meets the abilities and interests of all the members of the group.
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at the radial artery in the wrist or at the carotid artery in
the neck (lightly place the first two fingers at these
sites). Because counting errors affect the validity of the
test, it is essential that those individuals who are
responsible for counting the pulse rate practice the pro-
cedure several times before the test is administered.
Running tests (the timing of running a specified dis-
tance or the distance an individual can run in a stated
time) are also highly correlated with maximum oxygen
consumption. Scoring accuracy is greater with running
tests, since it is necessary only to count the number of
laps around a particular course or to record the time for
running a specified distance.

Regardless of the type of cardiorespiratory test admin-
istered, many variables can influence cardiorespiratory
functions. It has been found that exercise, age, gender,
environmental temperature, humidity, altitude, digestion,
loss of sleep, changes in body position, emotional and
nervous conditions, body fat level, running efficiency,
and motivation can influence cardiorespiratory fitness
testing. It is not possible to control all of these variables,
but you should be aware of them and recognize their
influence on the tests.

In addition to the tests presented in this chapter,
other cardiorespiratory fitness tests and norms are
included as components of health-related physical fit-
ness and skill-related physical fitness tests in chapter
15. If you choose to do so, you may administer any of
these cardiorespiratory tests independent of the other
test items.

M 12-Minute and 9-Minute Run
(AAHPERD 1980a)

Test Objective. To measure cardiorespiratory fitness.

Age Level. Grade 7 through adult for 12-minute run and ages
five to college-age for 9-minute run.

Equipment. A stopwatch, a whistle, and any flat, measured
area. Sharp turns usually slow the runner, so it is best if the
running course does not have them. If sharp turns are unavoid-
able, however, do not compare the running times for the curvy
course with running times for a course that has no sharp turns.
Different norms should be prepared for the course with sharp
turns.

Validity. A validity coefficient of .90 has been reported when
maximum oxygen consumption was used as the criterion.
Reliability. When the test-retest method was used, a coeffi-
cient of .94 was reported.

Norms. Tables 11.1 and 11.2 report norms for both runs.
Cooper (1982) provides norms for ages thirteen through sixty
and up for the 12-minute run.

Administration and Directions. All test performers should
practice distance running and understand the advantage of
maintaining a constant pace before attempting the test. The
runners should be motivated to give their best effort, or the
validity of the test will be affected. The running course should
be marked so that the test administrator can determine with
ease and promptness the exact distance in yards covered by the
runner. Placing markers every 10 to 25 yards facilitates the
scoring process. In addition, assigning a spotter to each runner
makes the scoring process more efficient. After the test per-
formers have warmed up, they gather behind a line, and on the
starting signal they run (walking is permitted) as many laps as
possible around the course. The spotters count the number of

TABLE 11.1  Norms for 12-Minute Run (Yards) and 1.5-Mile Run (Minutes and Seconds) for Ages Thirteen through Eighteen

Males Females
Percentile 12-Minute Run (Yards) 1.5-Mile Run (Time) 12-Minute Run (Yards) 1.5-Mile Run (Time)
95 3,297 8:37 2,448 12:17
75 2,879 10:19 2,100 15:03
50 2,592 11:29 1,861 16:57
25 2,305 12:39 1,622 18:50
5 1,888 14:20 1,274 21:36

Adapted from AAHPERD, AAHPERD youth fitness test manual, Reston, Va.: American Alliance for Health, Physical Education, Recreation and Dance, 1976.
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laps for the runners, and when the signal (whistle) to stop is
given, they run to the spots of the runners. The runners should
be instructed to keep moving until they have cooled down.
Scoring. Both runs are scored to the nearest 10 yards. The
importance of accurate counting of laps should be emphasized
to the spotters.

M 1-Mile and 1.5-Mile Runs
(AAHPERD 1976a, 1980a)

Test Objective. To measure cardiorespiratory fitness.

Age Level. Five through adult for 1-mile run and thirteen
through adult for 1.5-mile run.

Equipment. A stopwatch and a flat, measured area.

Validity and Reliability. Both runs are valid tests because
they are related to maximum oxygen consumption. As do other
similar tests, these runs have acceptable reliability when
administered to properly prepared performers.

Norms. Table 11.3 reports norms for the 1-mile run, and

table 11.1 reports norms for the 1.5-mile run. Cooper (1982)
also provides norms for ages thirteen through sixty and up for
the 1.5-mile run.

Administration and Directions. Again, all performers should
practice distance running and understand the advantage of
maintaining a constant pace before attempting the test. Assign-
ing a partner, or spotter, to each runner aids in the recording of
the scores. After the runners have warmed up, they gather
behind a starting line, and on the signal to start, they run
(walking is permitted) the distance as fast as possible. The
partner of each runner is at the finish line and records the test
time of the runner. The test administrator calls out the times as
the runners cross the finish line.

Scoring. The score is the time in minutes and seconds to com-
plete the run.

H 1-Mile Walking Test
(Kline et al. 1987, Rippe 1991)

Test Objective. To measure cardiorespiratory fitness through
walking.

Age Level. Twenty through sixty-plus.

Validity. Coefficients of .79 for ages 20-29 and .92 for ages
30-69 have been reported.

Reliability. A coefficient of .98 was found for ages 3069 years.
Equipment. A flat, measured surface and a stopwatch.
Norms. Fitness level charts for gender and age groups are
provided in figure 11.2. The charts are based on weights of
170 pounds for men and 125 pounds for women. If the test

taker weighs substantially less, his or her relative cardiorespi-
ratory fitness level will be slightly underestimated. If the test
taker weighs substantially more, his or her cardiorespiratory
fitness will be slightly overestimated.

Administration and Directions. All test performers should
practice counting their pulse at the radial or carotid artery
before taking the test. After stretching for 5—-10 minutes, the
participants gather behind the starting line. On the signal to
start, they walk 1 mile as fast as possible. Immediately at the
end of the 1-mile walk, the test performers count their pulse
for 15 seconds.

Scoring. The heart rate is multiplied by four, recorded, and
located on the appropriate fitness test chart in figure 11.2. The
point where the 1-mile time (horizontal axis) and the recorded
heart rate (vertical axis) cross is the fitness score.

M 3-Mile Walking Test (No Running)
(Cooper 1982)

Test Objective. To measure cardiorespiratory fitness through
walking.

Age Level. Thirteen through sixty-plus.

Validity. Accepted because of linear relationship between
workload, heart rate, and VO,max.

Reliability. Not reported.

Equipment. A flat, measured surface and a stopwatch.
Norms. Cooper (1982) provides fitness standards for male
and female age groups, age thirteen through sixty-plus. Table
11.4 on page 131 reports the “good” classification standards
for the 3-mile walking test. Lower times place test performers
in the excellent classification and higher times place them in
the fair to very poor classifications.

Administration and Directions. All test performers should
practice walking for speed and endurance before attempting
the test. After warming up, the test performers gather behind
the starting line. On the signal to start, they attempt to cover

3 miles in the fastest time possible, without running. A partner
for each walker is at the finish line to record the finishing time
as the test administrator calls it out.

Scoring. The time in minutes and seconds to walk the 3 miles
is the score.

H 12-Minute Swimming Test
(Cooper 1982)

Test Objective. To measure cardiorespiratory fitness through
swimming.
Age Level. Thirteen through sixty-plus.
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Equipment. Swimming pool, stopwatch, and whistle.
Validity. Accepted because of linear relationship between
workload, heart rate, and VOzmax.

Reliability. Not reported.

Norms. Cooper (1982) provides fitness standards for male and
female age groups, age thirteen through sixty-plus. Table 11.4
reports the “good” classification standards. Greater distances
place the test performers in the excellent classification, and
lesser distances place them in the fair to very poor classification.

Administration and Directions. All test performers should
practice swimming for distance and pacing before attempting
the test. The swimming course performers gather at one end of
the pool. Each performer is instructed to swim in an individual
lane. On the signal to start, they push off from the side and
swim as far as possible in 12 minutes, using any stroke and
resting when necessary. A test partner counts the laps and
observes where the swimmer is when the signal to stop is
given. The swimmer continues to swim to cool down.
Scoring. The distance in yards swum is the score.
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relative fitness level relative fitness level
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FIGURE11.2 1-mile walking fitness chart.

(continued)

(All charts and tables taken from the One Mile Walk Test by Dr. James Rippe and colleagues. Reprinted with author’s permission.)
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FIGURE11.2 1-mile walking fitness chart. (continued)

B 12-Minute Cycling Test
(Cooper 1982)

Test Objective. To measure cardiorespiratory fitness through
cycling.

Age Level. Thirteen through sixty-plus.

Equipment. A bicycle with no more than three gears and a
flat, measured distance.

Validity. Accepted because of linear relationship between
workload, heart rate, and VOZmax.

Reliability. Not reported.

Norms. Cooper (1982) provides fitness standards for male and
female age groups, age thirteen through sixty-plus. Table 11.4
reports the “good” classification standards. Greater distances
place the test performers in the excellent classification, and lesser
distances place them in the fair to very poor classifications.
Administration and Directions. All test performers should
practice cycling for distance and pacing before attempting the
test. The cycling course should be on a hard, flat surface in
an area where traffic is not a problem. Every quarter-mile
should be marked. On the day of the test the wind should be
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less than 10 mph. After warming up, the test performers
gather at the starting line, and on the signal to start they
attempt to cycle as far as possible in 12 minutes. A test part-
ner spots the position of the cyclist when the signal to stop is
given. All cyclists should continue to move until they have
cooled down.

Scoring. The score is the distance in miles cycled.

B Queens College Step Test
(Katch and McArdle 1977; McArdle et al. 1972)

Test Objective. To measure cardiorespiratory fitness with a
submaximal step test.

Age Level. College.

Equipment. Gymnasium bleachers and a metronome. To
facilitate testing, record the instructions and commands
(cadence) on tape. It is helpful to the test performers if the
cadence is maintained through the commands “up, up, down,
down,” rather than through the metronome. Recording the
instructions and commands standardizes the administration of



TABLE 11.4 Standards for Classification of Good Fitness for 3-Mile Walk, 12-Minute Swimming, and 12-Minute Cycling Tests
for Ages Thirteen through Sixty+

Test

Age

13-19

20-29

30-39

40-49

50-59

60+

Males

3-mile walking
(minutes: seconds)

12-minute swimming

33:00 to 37:30

34:00 to 38:30

35:00 to 40:00

36:30 to 42:00

39:00 to 45:00

41:00 to 48:00

(yards) 700 to 799 600 to 699 550 to 649 500 to 599 450 to 549 400 to 499

12-minute cycling

(miles) 47510 5.74 4.50 to 5.49 4.251t05.24 4.00 to 4.99 3.50t0 4.49 3.00 to 3.99
Females

3-mile walking

(minutes: seconds) 35:00t039:30  36:00t040:30 37:30t042:00 39:00t044:00 42:00t047:00  45:00to 51:00

12-minute swimming

(yards) 600 to 699 500 to 599 450 to 549 400 to 499 350 to 449 300 to 399

12-minute cycling

(miles) 3.751t04.74 3.50t0 4.49 3.25t04.24 3.00 to 3.99 2.50t0 3.49 2.00 to 2.99

Adapted from K. H. Cooper, The aerobics program for total well-being, New York: M. Evans & Company, 1982.
Note: Lower times or greater distances place the individual in the excellent fitness category, and higher times or lesser distances place the individual in

the fair to very poor fitness categories.

the test and permits you to circulate among the performers
during the test.

Validity. When VO,max was used as the criterion, correlation
coefficients of —.75 and —.72 were found for college-age
women and men, respectively.

Reliability. Coefficients of .92 and .89 were found for
college-age women and men, respectively.

Norms. Table 11.5 reports norms.

Administration and Directions. Before administration of the
test, provide all participants ample time to practice measuring
the pulse rate by palpating the carotid artery for 15-second
intervals. Test performers should have a partner to count the
pulse rate. Since the test cadence is different for males and
females, pair a male with a female; then you can test the males
as a group and the females as a group. Demonstrate the test
and allow the test performers a brief practice period (15 to 20
seconds) to learn the cadence. After the practice period, permit
the participants to rest. To perform the test, all participants step
up and down on the bleacher for 3 minutes. The cadence for
males is 24 steps/minute (metronome set at 96 beats/minute),
and the cadence for females is 22 steps/minute (metronome
set at 88 beats/minute). At the end of 3 minutes, the test

TABLE 11.5 Norms for the Queens College Step Test
for College Students

Percentile Males Females
Heart Rate Vo, Heart Rate vo,
95 124 59.3 140 40.0
75 144 50.9 158 36.6
50 156 45.8 166 35.1
25 168 40.8 176 33.3
5 184 34.1 196 29.6

Equations for predicting VOZmax

Males: VO,max (mL-kg™"-min™") = 111.33 - .42

(pulse rate; beats/min)

Females: VO,max (mL-kg™-min~") = 65.81 - 0.1847
(pulse rate; beats/min)

Adapted from F. I. Katch and W. D. McArdle, Nutrition, weight control,
and exercise, Boston: Houghton Mifflin, 1977.
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performers remain standing while the partners count their pulse
rate for 15 seconds, beginning 5 seconds after completion of the
test. (Pulse count should be completed 20 seconds after test per-
former has completed test.)

Scoring. Multiply the 15-second pulse rate by four to obtain the
performer’s score in beats per minute. Katch and McArdle (1977)
also developed regression equations to predict VO,max from
heart rate (beats per minute). They are included in table 11.5.

B Harvard Step Test
(Brouha 1943)

Note: This is a strenuous test and should not be used on older
individuals.

Test Objective. To estimate the capacity of the body to adjust
to and recover from hard muscular work.

Age Level. College males.

Equipment. A bench or platform 20 inches high, a stopwatch,
and a metronome. Recording the commands “up, up, down,
down” helps the performers maintain the cadence and permits
you to circulate among them.

Validity. Studies on Harvard undergraduates showed that ath-
letes scored higher than nonathletes, and the scores of the ath-
letes increased with more training and decreased after they
stopped training.

Norms. Classification standards are given in the discussion of
scoring.

Administration and Directions. Permit the test performers to
practice counting their pulse at the radial or carotid artery. Pair
up the test performers. Test performers step up and down on a
bench 30 times/minute for 5 minutes, unless they must stop
earlier because of fatigue. The body should be erect each time
the performer steps onto the bench and the lead foot may be
changed during the test. As soon as performers stop the test,
they sit down and remain sitting throughout the pulse count.
There are two forms of the test. In the long form, the pulse is
counted for 30 seconds on three occasions: 1 minute after
exercise (1 to 1 1/2 minutes), 2 minutes after exercise (2 to

2 1/2 minutes), and 3 minutes after exercise (3 to 3 1/2 min-
utes). In the short form, the pulse is counted for only 30 sec-
onds, 1 minute after exercise (1 to 1 1/2 minutes).

Scoring. In the long form, a physical efficiency index (PEI) is
computed with the formula

duration of exercise in seconds X 100

PEI = -
2 X sum of pulse counts in recovery

The PEI standards for the long form are as follows:

below 55
55 to 64

— poor
— low average
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65to0 79 — high average
80 to 89 — good
above 89 — excellent

For individuals who do not complete the 5-minute test, the fol-
lowing scoring standards may be used:

less than 2 minutes 25
from 2 to 3 minutes 38
from 3 to 34 minutes 48
from 3% to 4 minutes 52
from 4 to 4% minutes 55
from 4% to 5 minutes 59

In the short form, the scoring formula is

__ duration of exercise in seconds X 100
5.5 X pulse count for 1 to 1)4 minutes after exercise

PEI

The PEI standards for the short form are as follows:

below 50 — poor
50 to 80 — average
above 80 — good

Modifications of the Harvard Step Test have been made so that it
may be used on both sexes in elementary grades through college.
The modifications group the norms into elementary, junior high,
and high school. The grades and ages of these groups are
elementary grades 1-6 (ages 6—12); junior high grades 7-9 (ages
12-15); high school grades 10-12 (ages 15-18).

B Harvard Step Test for Junior and Senior High Males
(Gallagher and Brouha 1943)

Males twelve through eighteen years of age with a body surface
area (based on height and weight) less than 1.85 square meters
use an 18-inch bench, whereas males of the same age with a
surface area of 1.85 square meters or more use a 20-inch bench.
A nomogram for estimating body surface is provided in the ref-
erence. Both groups perform 30 steps/minute for 4 minutes.
The sequence of pulse counts and the formula for scoring are
the same as those used for college males. The classification
standards for this test are as follows:

50 or less — very poor
51to 60 — poor
61t0 70 — fair

71 to 80 — good
81t0 90 — excellent
92 or more — superior



B Harvard Step Test for Junior High, Senior High,
and College Females
(Skubic and Hodgkins 1963)

For this test the bench is 18 inches high, the sequence is 24
steps/minute, the duration of exercise is 3 minutes, and only
one 30-second pulse count is taken 1 minute after exercise

(1 to 14 minutes). The cardiovascular efficiency score (CES) is
determined by the formula

no. of seconds completed X 100
recovery pulse X 5.6

CES =

Norms for the three female groups are reported in table 11.6.

B Harvard Step Test for Elementary School Males and
Females
(Brouha and Ball 1952)

For this test the bench is 14 inches high and the cadence is

30 steps/minute. The duration of the exercise is adjusted by
ages: 3 minutes for ages eight through twelve and 2 minutes
for age seven. The pulse count, scoring formula, and classifica-
tion standards are the same as those used for the original
Harvard Step Test.

B YMCA 3-Minute Step Test
(Golding, Myers, and Sinning 1989)

Test Objective. To measure cardiorespiratory fitness with a
submaximal step test.

Age Level. Eighteen through sixty-five-plus.

Equipment. A bench 12 inches high, a stopwatch, and a
metronome.

Validity. Accepted because of linear relationships between
workload, heart rate, and VO,max.

Reliability. Not reported.

Norms. Table 11.7 reports norms.

Administration and Directions. All test performers should
have a partner to count the carotid pulse (allow time to practice
counting a partner’s carotid pulse). On the signal to begin, the
test performer steps up with one foot, then the other; steps
down with the first foot, then the other foot. The knees must
straighten with the step on the bench. The complete step repre-
sents 4 counts (up, up, down, down). The step is done at a
cadence of 96 counts/minute or 24 complete step
executions/minute (one 4-count step every 2.5 seconds). At the
conclusion of 3 minutes, the test performer quickly sits down,
and the partner counts the pulse for 1 minute.

Scoring. The score is the total 1-minute post-test pulse count.

Development of Cardiorespiratory Fitness

Many individuals can begin an exercise program of low to
moderate intensity without medical clearance. The pre-test/
pre-activity screening procedures described earlier in this
chapter should be followed before adults start an exercise
program, however.

Cardiorespiratory fitness is developed through aerobic
activities, such as running, walking, swimming, cross-
country skiing, or bicycling for a relatively long distance
or jumping rope for an extended period at an appropriate

TABLE11.6 Norms for Cardiovascular Efficiency Test (Step Test) for Junior High, Senior High, and College Females

Junior High*

Senior High*

College**

Cardiovascular 30-Second

Cardiovascular

30-Second Cardiovascular 30-Second

Rating Efficiency Score Recovery Rate Efficiency Score Recovery Rate Efficiency Score Recovery Rate
Excellent 72-100 44 or less 71-100 45 or less 71-100 45 or less
Very good 62-71 45-52 60-70 46-54 60-70 46-54
Good 51-61 53-63 49-59 55-66 49-59 55-66

Fair 41-50 64-79 40-48 67-80 39-48 67-83

Poor 31-40 80-92 31-39 81-96 28-38 84-116
Very poor 0-30 93 & above 0-30 97 & above 0-27 117-120

*Source: V. Skubic and J. Hodgkins, Cardiovascular efficiency test scores for junior and senior high school girls in the United States, Research Quarterly
35:184-192, 1964.
**Source: J. Hodgkins and V. Skubic, Cardiovascular efficiency test scores for college women in the United States, Research Quarterly 34:454-461, 1963.
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TABLE 11.7 Norms for YMCA 3-Minute Step Test for Ages Eighteen through Sixty-Five+

Ratings 18-25 26-35 36-45 46-55 5665 65+
Males
Excellent 70-78 73-79 72-81 78-84 72-82 72-86
Good 82-88 83-88 86-94 89-96 89-97 89-95
Above average 91-97 91-97 98-102 99-103 98-101 97-102
Average 101-104 101-106 105-111 109-115 105-111 104-113
Below average 107-114 109-116 113-118 118-121 113-118 114-119
Poor 118-126 119-126 120-128 124-130 122-128 122-128
Very poor 131-164 130-164 132-168 135-158 131-150 133-152
Females

Excellent 72-83 72-86 74-87 76-93 74-92 73-86
Good 88-97 91-97 93-101 96-102 97-103 93-100
Above average 100-106 103-110 104-109 106-113 106-111 104-114
Average 110-116 112-118 111117 117-120 113-117 117-121
Below average 118-124 121-127 120-127 121-126 119-127 123-127
Poor 128-137 129-135 130-138 127-133 129-136 129-134
Very poor 142-155 141-154 143-152 138-152 142-151 135-151

Source: L. A. Golding, C. R. Myers, and W. E. Sinning, eds., The Y’s way to physical fitness, 3d ed., Champaign, Ill.: Human Kinetics, 1989. Reprinted with

permission of the YMCA of the USA, 101 N. Wacker Drive, Chicago, IL 60606.

intensity. Individuals should select an aerobic activity or
activities they enjoy and to which they can make a com-
mitment to continue. Running is the most convenient aer-
obic activity for development and maintenance of
cardiorespiratory fitness, though some people find it
tedious. In addition, individuals with joint problems (in
the back, knees, and ankles) and foot disorders are unable
to run for an extended period. Though some sports activ-
ities and forms of training require intense effort for short
periods of time, they are inappropriate for development of
cardiorespiratory fitness because they are not aerobic.
These activities can, however, provide other exercise ben-
efits and are highly recommended for those benefits.

The American College of Sports Medicine and the
American Heart Association (Haskell et al. 2007) recom-
mend the following guidelines for the development of
cardiorespiratory fitness. Adults 18 to 65 should perform
moderate-intensity aerobic physical activity for at least
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30 minutes on five or more days a week or vigorous-
intensity aerobic activity for a minimum of 20 minutes on
three days each week. Combinations of moderate and
vigorous intensity also can be performed. Many individ-
uals exercise more than five days a week but modify the
intensity or the duration on alternate days. The avoidance
of two consecutive days of intense or long exercise ses-
sions prevents chronic fatigue for most individuals.
Highly organized exercise programs usually are not
preferable for children and teens. They should, however,
have at least 60 minutes of daily physical activity that
develops and maintains cardiorespiratory fitness.
Determining the intensity at which one should exercise
is critical; however, if training effects are to occur, the
principle of overload must be observed. Overload is a
gradual increase in the intensity of the physical activity.
For the cardiovascular and respiratory systems (or any
other physiological components of fitness) to improve,



they must work harder than they are used to working.
Stress must be imposed upon them so that over a period of
time they will be able to accommodate the additional
stress. Sedentary persons who initiate an exercise program
should begin at a relatively low intensity and gradually
increase the level of exertion. With great expectations of
physical development, many individuals undertake a pro-
gram but mistakenly begin their activity at an intensity that
is too high for them. Their efforts result in soreness and
discomfort, which hinder continuation of the program.
Also, upon recovery from the soreness, these individuals
have no desire to resume the exercise program.

For adults, physical activity that noticeably increases
the heart rate may be considered moderate effort. Activity
that substantially increases the heart rate and causes rapid
breathing may be considered vigorous effort. Monitoring
the heart rate is the easiest method of determining the
intensity of exercise. Unless advised differently by a qual-
ified physician, most individuals should exercise at 60%
to 75% of their maximum heart rate range. This range
may be found by completing the following steps:

1. Estimate the maximum heart rate (220 minus age).
Note that is only an estimate of maximum heart rate.
Some individuals’ maximum heart rate actually may
be higher or lower.

2. Subtract the resting heart rate from the value found in
step 1.

3. Multiply the value found in step 2 by .60.

4. Add the value found in step 3 to the resting heart rate
(this value is the minimum target heart rate).

5. Multiply the value found in step 2 by .75 and add to
the resting heart rate (this value is the maximum tar-
get heart rate).

Sedentary individuals should begin an exercise program at
50% to 60% of their maximum heart rate range and increase
the percentage as cardiorespiratory fitness improves.

In addition to heart rate as an indicator of exercise
intensity, Borg’s Rating of Perceived Exertion (RPE) can
be used (Borg 1973, 1982). During an exercise session or
a stress test, individuals are asked to rate on a numerical
scale how they feel in relation to their level of exertion.
Perceived exertion is defined as the total amount of exer-
tion and physical fatigue. Factors such as breathing diffi-
culties or aches and pain should not be considered. With

the proper instruction, it is possible for individuals to
exercise at a particular RPE based on their feeling of
exertion, which relates to measures such as heart rate and
oxygen consumption. In other word, individuals listen to
their bodies.

Table 11.8 shows the original and revised scales for rat-
ings of perceived exertion. The original scale used the
rankings of 6 to 20 to approximate the heart values from
rest to maximum (60-200). The revised scale represents an
attempt to provide a ratio scale of RPE values. According
to Borg, the old scale provides the simplest estimate of
perceived exertion. The revised category scale may be
especially suitable for determining other subjective symp-
toms, such as breathing difficulties, aches, and pains.

The exercise period should include 5 to 10 minutes of
flexibility exercises and a minimum of 20 minutes of aer-
obic activity. As the level of fitness improves, the duration
of the exercise period can be increased.

All of the above guidelines apply to organized car-
diorespiratory fitness programs and, if followed, will lead
to better cardiorespiratory fitness. For highly sedentary
individuals, however, improvement in cardiorespiratory
fitness can occur with very small increases in daily activ-
ity. Ten- to fifteen-minute increments of walking or other

TABLE 11.8 Rating of Perceived Exertion Scales

Original Rating Scale Revised Rating Scale

6 0 Nothing at all
7 Very, very light 0.5 Very, very weak (just noticeable)
8 1 Very weak
9 Very light 2 Weak (light)
10 3 Moderate
11 Fairly light 4 Somewhat strong
12 5 Strong (heavy)
13 Somewhat hard 6
14 7  Very strong
15 Hard 8
16 9
17 Very hard 10  Very, very strong (almost max)
18
19 Very, very hard
20

Source: G. A. V. Borg, Psychophysical bases of perceived exertion,
Medicine and Science in Sports and Exercise 14(5): 377-381, 1982.
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types of mild physical activity, performed several times
during the day, can lead to improvements in cardiorespi-
ratory fitness.

Review Problems

1. Review additional step tests found in other textbooks.
Note the groups for whom the tests are intended and
the validity and reliability coefficients.

2. Administer one step test and one running test
described in this chapter to several of your classmates.
Ask them to provide constructive criticism of your
test administration.

3. Imagine that you are responsible for testing the car-
diorespiratory fitness of a group of 50- to 60-year-old
adults. Describe the procedure you would follow to
determine who would be tested. Also explain which
tests you would choose and the reasons for your
choice of tests.

4. If possible, observe the administration of cardiores-
piratory fitness tests at health and fitness clubs in
your community. Observe how the instructions are
given, how the results are interpreted to the group,
and what safety precautions are followed.

- Chapter Review Questions

1. What is cardiorespiratory fitness? (page 121)

2. What is the definition of maximum oxygen consump-
tion? (page 121)

3. Why is it important to measure cardiorespiratory
fitness? (pages 121-122)

4. Which individuals should receive medical clearance
before they participate in cardiovascular fitness testing?

(page 122)
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5. What is the purpose of prescreening before the
conduction of cardiovascular fitness testing?
(pages 122, 124)

6. What are your responsibilities after the measurement
of cardiorespiratory fitness? (page 124)



Flexibility

lexibility is the abil-
ity to move the body
joints through a maximum
range of motion without
undue  strain.  When

describing or measuring improve flexibility.

1. Define and measure flexibility.

After completing this chapter, you should be able to

2. State why flexibility should be measured.
3. Describe the difference between relative and absolute flexibility tests.
4. State the guidelines that should be followed in the administration of flexibility tests.

5. Describe responsibilities after the measurement of flexibility and prescribe activities to

flexibility, the terms flex-
ion (joint angle is decreased) and extension (joint angle is
increased) are used. Flexibility is not a general factor, but
it is specific to given joints and to particular sports or
physical activities. An individual with good flexibility in
the shoulders may not have good flexibility in the lower
back or posterior upper legs. Flexibility depends more on
the soft tissues (ligaments, tendons, and muscles) of a
joint than on the bony structure of the joint itself. How-
ever, the bony structures of certain joints do place limita-
tions on flexibility, as illustrated by extension of the
elbow or knee and hyperextension and abduction of the
spinal column.

Flexibility is related to body size, gender, age, and
physical activity. Any increase in body fat usually
decreases flexibility. In general, females are more flexible
than males. Anatomical distinctions or differences in
regular physical activity may account for these flexibility
differences. During the early school years flexibility
increases, but a leveling off or decrease begins in early
adolescence. The dramatic loss of flexibility during the
aging process is probably due to failure to maintain an
active program of movement.

In general, active individuals are more flexible than
inactive individuals. The soft tissues and joints tend to

shrink, losing extensibility when the muscles are main-
tained in a shortened position. Habitual postures and
chronic heavy work through restricted ranges of motion
also can lead to adaptive shortening of muscles. Physical
activity with wide ranges of movement helps prevent this
loss of extensibility. In general, then, flexibility is more
related to habitual movement patterns for each individual
and for each joint than to age or to gender.

Why Measure Flexibility?

Flexibility is an important component of health-related
fitness, and the lack of it can create functional problems
or disorders for many individuals. Medical records indi-
cate that low back pain is one of the most prevalent health
complaints in the United States, and many low back dis-
orders are caused by poor muscle tone, poor flexibility of
the lower back, and inadequate abdominal muscle tone. In
addition, anyone with a stiff spinal column is at a disad-
vantage in many physical activities and also fails to get
full value from the shock-absorbing arrangement of the
spine when walking, running, or jumping. Lack of flexi-
bility in the back can be responsible for bad posture, com-
pression of peripheral nerves, painful menstruation, and
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other ailments. Furthermore, short muscles limit work
efficiency. They become sore when they perform physical
exertion, and without a good range of movement, the indi-
vidual is more likely to incur torn ligaments and muscles
during physical activities.

Because individuals with good flexibility have greater
ease of movement, less stiffness of muscles, enhancement
of skill, and less chance of injury during movement, the
measurement of flexibility should be included in all phys-
ical education and wellness programs. Individuals with
poor flexibility should be identified, and the appropriate
exercises and activities prescribed for them. Flexibility
tests are usually administered to identify individuals with
too little range of joint movement, but they also can be
administered to determine if individuals have too much
flexibility in certain joints. Too much range of movement
can result in joint instability and can increase the possi-
bility of injury.

Though flexibility is usually measured for diagnostic
purposes, many physical education teachers believe it is
acceptable to grade flexibility performance. However,
since the degree of flexibility most desirable for health
purposes has not been determined, the grading of flexibil-
ity is questionable. If flexibility performance is graded, the
standards should be reasonable, and the students should be
informed of the standards at the beginning of the unit.

Responsibilities after Measurement

As previously stated, individuals with poor flexibility are
susceptible to musculoskeletal problems as well as other
ailments. Once these individuals have been identified, the
appropriate flexibility exercises should be prescribed for
them.

Three stretching techniques can be used to improve
flexibility: static stretching, ballistic stretching, and pro-
prioceptive neuromuscular facilitation (PNF). Static
stretching involves slowly moving to a position to stretch
the designated muscles and holding the position for a
specified length of time. The recommended length of time
for holding the stretch varies from 10 to 30 seconds, and
the stretch for each muscle is repeated two or three times
in each stretching session.

Ballistic stretching makes use of repetitive bouncing
motions. Though ballistic stretching can improve flexibil-
ity, it is not often recommended as a stretching technique.
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If the force produced by the effort to stretch is greater than
the extensibility the muscle tissues can tolerate, the mus-
cle may be injured. In addition, the use of a fast, forceful,
bobbing type of stretching induces the stretch reflex (the
reflex contraction of a muscle in response to being sud-
denly stretched beyond its normal length). The purpose of
this reflex action is to prevent injury caused by over-
stretching. The amount and rate of the stretch reflex con-
traction vary directly in proportion to the amount and rate
of the movement causing the stretch. The faster and more
forceful the stretch, the faster and more forceful the reflex
contraction of the stretched muscle. As the individual is
attempting to stretch the muscle through a bouncing
action, the stretch reflex responds to prevent the muscle
from being stretched. This combination may result in
muscle injury.

There are a number of PNF techniques used for
stretching, but all involve a combination of alternating
contraction and relaxation of both agonist and antagonist
muscles. The disadvantage of the PNF techniques is that
they require the assistance of a partner.

Both static stretching and PNF techniques will
improve flexibility, but there is lack of agreement regard-
ing which technique is superior. It is difficult to compare
flexibility studies, because different designs for training
programs, length of stretch time, and number of PNF rep-
etitions influence the results of the studies. Since it is
accepted that static stretching improves flexibility and no
partner is required to perform the exercises, only descrip-
tions of static stretching exercises are provided at the
conclusion of this chapter.

N ARE YOU ABLE TO DO THE FOLLOWING?
» Define flexibility and state why it should be measured?

= Describe responsibilities after the measurement of
flexibility?

Tests of Flexibility

For clinical assessment of flexibility, devices such as the
Leighton Flexometer, the electrogoniometer, and the
goniometer are used. These devices provide a rotary
measure, in which degrees of rotation around a 360° arc
are determined. There also are many valid, practical tests
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= QOften the loss of flexibility is associated with the aging process, and many older indi-
viduals believe the loss is inevitable. Through engagement in appropriate activities,
however, individuals of all ages can maintain a level of flexibility that will assure a bet-
ter quality of life. Also, regardless of age, individuals with poor flexibility can improve
their flexibility with appropriate activities and a reduction in body fat (if overfat).

that may be used in physical education and wellness pro-
grams and that may be administered to both sexes. These
tests provide a linear measure and utilize tape measures,
rulers, and yardsticks. Such tests will be covered in this
chapter. None of the tests that will be described poses risk
of injury to the performer.

There are two types of linear flexibility tests. Relative
flexibility tests are designed to be relative to the length or
width of a specific body part. In these tests, the movement
and the length, or width, of an influencing body part are
measured. Absolute flexibility tests are designed to
measure only the movement in relation to an absolute
performance goal. Both types of test are presented.

Before administering any flexibility tests, you should
instruct all test performers to do the following:

1. Perform 5 to 10 minutes of light aerobic exercise to
warm up their muscles (warm muscles stretch better
than cold ones).

2. Perform slow, sustained static stretching of all joints
to be tested.

3. Declare if they have any back problems.
If any test performers have back problems, permit

them to practice the test items. If they experience any
discomfort, discontinue the test.

M Sit and Reach Test
(AAHPERD 1980a)

Note: Other similar tests for measurement of lower back and
posterior thigh flexibility may be used. The V-sit reach test
included in the President’s Challenge, the sit and reach

test included in the AAU Physical Fitness Test, and the
back-saver sit and reach included in the FITNESSGRAM are
appropriate tests. These tests are described in chapter 15.

Test Objective. To measure the flexibility of the lower back
and posterior thighs.

Age Level. Five through adulthood.

Equipment. Figure 12.1 includes the specifications of the box
used for this test. It is crucial that the 9-inch mark be exactly in
line with the vertical panel against which the test performer’s
feet will be placed. This flexibility test and box are included in
many fitness tests. Some tests, however, report the score in
centimeters. If centimeters are used, the 23-centimeter line
should be exactly in line with the vertical panel against which
the test performer’s feet will be placed. If the AAHPERD
norms are used, the specially constructed box, or benches that
are only 12 inches high, should be used when administering
this test. If local norms are established, benches turned on their
sides, or the bottom row of bleachers that are a few inches
higher than 12 inches, may be used. Yardsticks may be taped to
the benches or bleachers so that several students can be meas-
ured at the same time.

Validity. Logical validity has been claimed. The AAHPERD
sit and reach test has been validated against several other tests,
and coefficients ranging between 0.80 and 0.90 have been
found.

Reliability. .70 or higher.

Objectivity. Not reported.

Norms. Table 12.1 includes norms for ages five through
college-age. The AAHPERD test manuals provide percentile
norms.

Administration and Directions. The test apparatus should be
prevented from slipping (may be placed against a wall), and the
test performer should not be wearing shoes. The performer

(1) sits at the test apparatus with the knees fully extended and
the feet shoulder-width apart, flat against the end of the board,
(2) with the palms down and hands placed on top of each other,
extends the arms forward; and (3) reaches directly forward four
times and holds the position of the maximum reach on the
fourth trial for one second (see figure 12.2). The test administra-
tor may place a hand on the knees of the performer to discour-
age knee flexion, but the knees should not be hyperextended.
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Scoring. The score is the most distant point reached on the

fourth trial, measured to the nearest ' inch or the nearest cen-
timeter. The test administrator should be in a position to note

the most distant line touched by the fingertips of both hands. If
the hands reach unevenly, the position is not held for 1 second,
or the knees bend, the test should be readministered. You

—

FIGURE 12.1

Sit and reach box.

should be aware that it is normal for many boys and girls not
to reach the 9-inch level during the preadolescent and adoles-
cent growth spurt (ages ten through fourteen). It is not unusual
for the legs to become proportionately longer in relation to the
trunk during this period. Flexibility exercises should be pre-
scribed for individuals who score below P, as any score

TABLE 121 Norms in Inches for Sit and Reach Test for Ages Five through College
Percentile Age
5 6 17 8 9 10 1" 12 13 14 15 16 17+  College
Males
95 1250 13.50 13.00 13.650 13.50 13.00 1360 13.75 1425 1550 16.25 16.50 17.75 17.75
75 1150 11.50 11.00 11.50 11.50 11.00 1150 1150 12.00 13.00 13.50 14.25 1575 15.50
50 10.00 10.25 10.00 10.00 10.00 10.00 10.00 10.25 10.25 11.00 12.00 12.00 13.50 13.50
25 8.75 8.756 8.75 8.75 8.75 8.00 8.25 8.25 8.00 9.00 9.50 10.00 11.00 11.50
5 6.75 6.25 6.25 6.25 4.75 4.75 5.25 4.75 4.75 6.00 5.25 4.50 6.00 7.50
Females
95 1350 1360 1350 1425 13.75 1375 1450 15.75 17.00 17.50 18.25 1825 17.50 18.50
75 12.00 12.00 1225 1225 1225 1225 1250 1350 14.25 15.00 16.25 15660 1575 16.25
50 10.75 10.75 10.75 11.00 11.00 11.00 1150 12.00 12.25 13.00 14.25 13.50 13.75 14.50
25 9.00 9.00 9.50 9.00 9.00 9.50 9.50 10.00 9.50 11.00 12.25 12.00 1225 12.50
5 7.00 7.00 6.25 6.75 6.75 6.25 6.25 6.00 6.75 7.00 7.50 5.50 8.75 9.50

Adapted from AAHPERD, Health related physical fitness test manual, Reston, Va.: AAHPERD, 1980; and R. R. Pate, Norms for college students: Health related

physical fitness test, Reston, Va.: American Alliance for Health, Physical Education, Recreation and Dance, 1985.
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below this percentile represents poor flexibility in the posterior
thigh, lower back, or posterior hip. Individuals who score
below P, have a critical lack of flexibility.

B Modified Sit and Reach Test
(Hoeger and Hoeger 2005)

Individuals with short legs relative to the trunk and arms may
have an advantage when performing the sit and reach test pre-
viously described. To account for this potential bias, the modi-
fied sit and reach test was developed.

Test Objective. To measure the flexibility of the lower back
and posterior thighs.

Age Level. Under eighteen through fifty-plus.

Equipment. 12-inch sit and reach box (dimensions described
in previous test) and yardstick (used with box).

Validity. Logical validity.

Reliability and Objectivity. Not reported.

Norms. Table 12.2 includes norms for ages under eighteen
through fifty-plus.

Administration and Directions. With the shoes removed, the
test performer

1. Sits on the floor with hips, back, and head against the wall,
extends legs fully and places the feet against the sit and
reach box.

FIGURE12.2 Sit and reach test.

TABLE12.2 Norms for the Modified Sit and Reach Test
for Ages under Eighteen through Fifty-Plus

Age

=18 19-35 36-49 =50

Percentile Males
95 19.6 18.9 18.2 15.8
80 17.8 17.0 14.6 13.3
60* 15.2 15.0 13.4 11.5
40 14.0 13.5 11.6 9.7
20 11.8 11.6 9.9 8.8

Females
95 19.5 19.3 19.2 15.7
80 17.8 16.7 16.2 14.2
60* 16.0 15.8 14.5 12.3
40 14.5 14.5 12.8 10.1
20 12.6 12.6 11.0 8.3

*Health-related physical fitness standard.

Adapted from W. W. Hoeger and S. A. Hoeger, Lifetime physical fitness
and wellness: A personalized program, 8th ed., Belmont, CA:
Wadsworth, 2005.
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2. Places the hands one on top of the other and reaches for-
ward as far as possible without letting the head and back
come off the wall (the shoulders may be rounded but back
remains in contact with wall).

A yardstick is placed on the box with the zero end
pointed toward the test performer and touching his/her
extended hands. The yardstick is held in this position by
the test administrator. This procedure establishes the rela-
tive zero point for each test performer.

3. Gradually reaches forward three times, as the yardstick is
held firmly in place, and holds the third stretch as far as
possible for two seconds.

Scoring. Two trials are administered. The score is the number
of inches reached to the nearest one-half inch.

H Sit and Reach Wall Test
(Robbins, Powers, and Burgess 1991)

The sit and reach wall test may be used to provide a quick esti-
mate of lower back and posterior thigh flexibility. It requires
only a wall and can be performed quickly by a large number
of people.

Test Objective. To measure the flexibility of the lower back
and posterior thighs.

Age Level. Junior high through college-age.

Equipment. A wall.

Validity. Logical validity.

Reliability and Objectivity. Not reported.

Norms. Table 12.3 provides norms for high school and
college students.

Administration and Directions. Individuals should be per-
mitted to warm up before stretching. With shoes removed, the
performer (1) sits facing a wall, with the knees straight and
feet flat against the wall; (2) reaches as far as possible to touch
fingertips, knuckles, or palms to the wall; and (3) holds posi-
tion for 3 seconds.

Scoring. See table 12.3.

TABLE 12.3 Norms for Sit and Reach Wall Test for High
School and College Students

Performance Level Score

Excellent Palms touch wall
Good Knuckles touch wall
Average Fingertips touch wall

Poor Cannot touch wall
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M Trunk and Neck Extension
(Johnson and Nelson 1986)

Test Objective. To measure the ability to extend the trunk
(relative flexibility).

Age Level. Six through college-age.

Equipment. Mat and yardstick or tape measure.

Validity. Face validity.

Reliability. .90 through test—retest.

Objectivity. .99.

Norms. Table 12.4 reports norms for college students.
Administration and Directions. The test performer should
sit in a hard chair, and the test administrator should measure to
the nearest '+ inch the distance from the tip of the performer’s
nose to the seat of the chair in which the performer is sitting.
(The chin must be level when the distance is measured.) The
test performer then assumes a prone position on a mat, placing
both hands on the lower back. With a partner holding the hips
against the mat, the performer raises the trunk in a slow and
controlled manner as high as possible from the mat. The
distance from the tip of the nose to the mat is measured (see
figure 12.3). If any back discomfort occurs, the test should be
stopped immediately.

Scoring. The best of three lifts is subtracted from the trunk
and neck length measurement. The closer the trunk lift is to the
trunk and neck length, the better the score.

TABLE 124 Norms in Inches for Trunk and Neck Extension
and Trunk Extension Tests for College Students

Performance Trunk and Neck Trunk
Level Extension Extension
Males

Above average 6t00 19 and above

Average 8t0 6% 1610 18

Below average 8" and above 15 and less
Females

Above average 5% 100 21 and above

Average 7% t0 6 18 to 20

Below average 8 and above 17 and less

Adapted from B. L. Johnson and J. K. Nelson, Practical measurements for
evaluation in physical education, 4th ed., Edina, Minn.: Burgess Publishing,
1986; and D. K. Miller and T. E. Allen, Fitness: A lifetime commitment,

4th ed., New York: Macmillan Publishing, 1990.



FIGURE 123 Trunk and neck extension test.

B Trunk Extension
(Miller and Allen 1990)

The trunk extension test is very similar to the trunk and neck
extension previously described. The difference is that this test
measures absolute flexibility and does not require measurement
of any body parts.

Age Level. Six through college-age.

Equipment. Mat and yardstick or tape measure.

Validity. Face validity.

Reliability and Objectivity. Not reported.

Norms. Table 12.4 reports norms for college students.
Administration and Directions. The test performer lies
prone on a mat with a partner holding the hips against the mat.
The fingers are interlocked behind the neck, and the chest and
head are raised in a slow and controlled manner off the mat as
far as possible. The distance in inches is measured from the
mat to the chin (see figure 12.4). If any back discomfort
occurs, the test should be stopped immediately.

Scoring. The best of three lifts is the score.

B Shoulder and Wrist Elevation
(Johnson and Nelson 1986)

Test Objective. To measure shoulder and wrist flexibility
(relative flexibility).

Age Level. Six through college-age.

Equipment. Mat and two yardsticks, or one yardstick and a
tape measure.

Validity. Face validity.

Reliability. .93 through test—retest.

Objectivity. .99.

Norms. Norms for college students are reported in table 12.5.
Administration and Directions. The arm length of the test
performer should be measured from the acromion process
(shoulder tip) to the middle fingertip, as the arms hang down.

TABLE 125 Norms in Inches for Shoulder and Wrist Elevation
and Shoulder Lift for College Students

Performance Shoulder and Shoulder
Level Wrist Elevation Lift
Males

Above average 8%t00 22 and above
Average 1% to 8% 17 to 21
Below average 11% and above 16 and less

Females
Above average 7%100 23 and above

10% to 7%
11 and above

19to0 22
18 and less

Average

Below average

Adapted from B. L. Johnson and J. K. Nelson, Practical measurements for
evaluation in physical education, 4th ed., Edina, Minn.: Burgess Publishing,
1986; and D. K. Miller and T. E. Allen, Fitness: A lifetime commitment,

4th ed., New York: Macmillan Publishing, 1990.
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The test performer then assumes a prone position with the
arms extended directly in front of the shoulders and holds a
yardstick, with the hands about shoulder-width apart. The
yardstick is raised upward as far as possible while keeping the
chin on the floor. Because it is difficult to elevate the shoulders
without extending the wrists, the movements of the two joints
are combined for the test score. When the highest point is
reached, the distance is measured to the nearest '/ inch.
Though some individuals are extremely flexible and can move
the yardstick beyond the highest vertical point, the measure-
ment is still taken at the highest vertical point.

Scoring. The score is the best of three trials subtracted from
the arm length. The closer the lift is to the arm measurement,
the better the score.

W Shoulder Lift
(Miller and Allen 1990)

The shoulder lift test is very similar to the shoulder and wrist
elevation test, but it measures shoulder flexibility only. It
measures absolute flexibility rather than relative flexibility.
Age Level. Six through college-age.

Equipment. Mat and two yardsticks, or one yardstick and a
tape measure.

Validity. Face validity.

Reliability and Objectivity. Not reported.

Norms. Table 12.5 reports norms for college students.
Administration and Directions. The test performer lies
prone on the mat with the chin to the mat and the arms
extended forward directly in front of the shoulders. A yardstick
is held with the hands about shoulder-width apart. The wrists
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FIGURE 124 Trunk extension test.

and elbows are kept straight as the yardstick is raised upward
as far as possible, with the chin touching the mat. The distance
in inches is measured from the bottom of the yardstick to the
mat (see figure 12.5).

Scoring. The score is the best of three trials.

Figures 12.6 through 12.13 (Jensen and Hirst 1980; Robbins,
Powers, and Burgess 1991) illustrate observation measures of
flexibility. No score is recorded, but the measures may be used
to identify individuals with inadequate flexibility.

Exercises to Develop Flexibility

These static exercises are designed to improve flexibility
throughout the body, but the most important areas to con-
sider are neck and shoulder flexion, back extension, trunk
and hip flexion (including lower back and posterior
upper-leg muscles), and posterior lower-leg extension
(ankle flexion). Unless stated otherwise, the following
guidelines should be observed for best results when per-
forming the exercises:

* Spend 20 to 30 seconds in a gentle, static stretch with
each exercise, and perform each exercise two or three
times.

* Increase the extent of the stretch gradually and pro-
gressively, with full extension, flexion, or both being
placed on the joint.

* Breathe slowly, rhythmically, and with control.



+ Stretch beyond the normal length of the muscle, but
only to the point that a slight stretch pain is felt.

* Practice regularly; perform the exercises several
times each day.

Flexibility is highly specific to each joint and activity;
therefore, flexibility exercises should be performed for
each joint in which increased flexibility is desired.

Neck

1. Place the hands behind the head and gradually press
down; hold. The posterior neck muscles should feel
stretched.

2. Bend the neck from side to side and then from front
to back. Do not rotate the head.

FIGURE 125 Shoulder lift test.

Shoulder and Upper Chest

1.

Stand in a doorway and grasp the door jamb above
the head. Lean forward through the doorway until the
stretch is felt.

. Stand with the feet shoulder-width apart and lock the

hands behind the waist. Straighten the arms, raise,
and hold. Bending forward at the waist is a good
variation.

. Extend the arms overhead and interlace the fingers

with the palms facing upward. Push upward and
slightly backward.

. Interlace the fingers in front of the chin with the

palms turned out. Extend the arms forward.

. Bring the right hand over the right shoulder to the

upper back and reach down as far as possible. Bring

FIGURE 126 Normal flexibility for the
neck allows the chin to move closer to
the upper chest.
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FIGURE 12.7 Normal flexibility of chest
muscles allows arms to be flexed to 180°
of shoulders.

FIGURE 12.8 Normal flexibility of shoulder girdle allows FIGURE 12.10 Normal flexibility of the hamstring muscles
fingertips to touch. allows straight-leg lifting to 90° from supine position.

FIGURE 129 Normal flexibility in the hips and lower back FIGURE 1211 Normal flexibility of lower back allows thighs
allows for flexion to about 135°. to touch chest.
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FIGURE 1212 Normal flexibility of iliopsoas muscle (hip
flexor) allows thigh to touch chest. Extended leg should
remain on floor and straight.

FIGURE 12.13 Normal flexibility of the gastrocnemius muscle
(calf) allows the ball of the foot to clear the floor by a height

equal to the width of two fingers.

the left hand under the left shoulder to the upper

back. Grab the fingers and hold. If you are unable to

grasp the fingers together, hold a towel between
them. Gradually move the left hand up the towel.
Reverse the hand positions and repeat.

Upper Back
1. Lie on the back with the knees bent and the feet flat

on the floor. Interlace the fingers behind the head and

gently pull forward until you feel a comfortable

stretch. This stretch also may be performed while in
the standing position.

Lower Back

1.

Lie on the back with the knees bent and the feet flat
on the floor. Place the hands under the knees and pull
both thighs to the chest with your hands while simul-
taneously raising the head.

. Sit on the floor with the legs crossed and the arms at

the sides. Tuck the chin and curl forward. Slide the
hands forward on the floor, allowing the back to be
rounded.

Trunk

1.

Stand with the feet shoulder-width apart and the toes
pointed straight ahead. Extend both arms overhead;
grasp the left hand with the right hand and bend
slowly to the right. Pull the left arm over the head
and down toward the ground with the right hand.
Bend to the left, reversing the hand positions.

. Stand and hold a towel overhead with the hands

about 12 inches apart, the elbows straight, and the
feet 18 to 24 inches apart. Bend to one side as far as
possible, keeping the elbows straight. Repeat on the
other side.

. Sit on the floor with the right leg extended; cross the

left foot over the right knee and place the foot flat on
the floor. Place the left hand on the floor behind the
hips and use the right hand to slowly twist the spine
to the left. Look over the left shoulder. Repeat to the
other side.

Posterior Hip, Upper Leg, and Lower Back

1.

Sit on the floor with the legs straight and the feet
together. Bend forward at the waist (do not dip the
head or round the back) and slide the hands down the
lateral sides of the legs. Try to place the chest on the
thighs and grasp the outer borders of the feet. Keep
the toes pointed back to stretch the posterior lower-leg
muscles.

. Sit on the floor. Extend one leg and place the sole of

the other foot against the knee of the extended leg.
Lean forward at the waist and attempt to pull the toes
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of the extended leg back to exert a stretch in the calf
and hamstrings. Repeat with the other leg.

. Lie flat on the back. Raise one leg straight up with

the knee extended and ankle flexed at 90°. Grasp the
leg around the calf and pull toward the head. Repeat
with the opposite leg.

Anterior Hip and Thigh

1.

In a standing position, draw one knee (hands under
knee) up to the chest and pull it tightly to the chest
with the hands. Repeat with the other knee.

. Support yourself by leaning against a wall with the

right hand; stand on the right leg and bend the left
knee. Grasp the ankle behind you with the left hand
and gently pull backward; keep the knee pointed
down. Repeat with the other leg.

. Squat with the bent knee of one leg forward and the

other leg extended behind you. Push forward until the
knee of the front leg is directly over the ankle. The
knee of the backward extended leg should be resting
on the floor. Without changing the position of the
legs and feet, lower the front of your hips downward
to create an easy stretch. Reverse the position of the
legs and repeat.

Groin Area

1.

Sit on the floor. Put the soles of the feet together and
grasp the toes. Gently pull yourself forward, bending
at the hips.

. Sit on the floor with the back pressed against a wall

or anything that will give support. With the back
straight and the soles of the feet together, gently push
down on the inside of the thighs with the hands.

Posterior Lower Leg

1.
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Face a wall, standing approximately 3 to 4 feet away.
Lean forward and place the palms against the wall,
with the arms straight and at shoulder height. Keep
the feet flat and the body in a straight line. Allow the
elbows to bend while leaning forward more. Do not
allow the heels to rise off the floor.

Chapter 12

. Assume the same position as described in the previ-

ous exercise. Perform the same routine but also bend
at the knees. Do not allow the heels to rise off the
floor. You should feel the stretch in the area closer to
the Achilles tendon.

Foot and Ankle

1.

Sit on the floor with the left leg extended. Bend the
right leg and provide support under the lower calf
with the right hand. Grasp the right foot with the left
hand and gently rotate the foot clockwise and coun-
terclockwise through a complete range of motion.
Repeat with the other foot.

. Stand with the feet apart. Reach back with one foot

and touch the floor with the upper side of the toes.
Press down until a stretch is felt. Repeat with the
other foot.

Review Problems

1. Review additional flexibility tests found in other

textbooks. Note the groups for whom the tests are
intended and the validity, reliability, and objectivity
coefficients.

2. Administer one of the tests described in this chapter

to several of your classmates. Ask them to provide
constructive criticism of your test administration.

. A physical education teacher administered the sit and
reach test to 20 fifteen-year-old students. After the
students followed a 10-week flexibility program for
the lower back and posterior thighs, the teacher
again administered the test. Determine if the students
significantly improved their flexibility scores.

Student Pre-Test Score Post-Test Score
A 17.50 18.25
B 16.75 17.50
C 17.00 17.75
D 15.50 16.25
E 15.00 15.75
F 18.50 18.50
G 18.00 18.50
H 14.25 16.25



Student Pre-Test Score Post-Test Score Student Pre-Test Score Post-Test Score

I 17.00 17.25 (0) 15.50 16.25
J 16.50 17.25 P 16.25 16.25
K 15.75 15.75 Q 15.75 16.00
L 17.50 18.00 R 15.25 15.25
M 16.75 17.75 S 16.00 16.50
N 15.75 16.50 T 17.00 17.75
Chapter Review Questions
1. What is flexibility? (page 137) 5. What guidelines should be followed in the

Lo o N
2. How do body size, gender, age, and physical activity administration of flexibility tests? (page 139)

relate to flexibility? (page 137) 6. What are your responsibilities after the measurement
of flexibility? What type of stretching program would

C d o
3. Why is it important to measure flexibility? (pages you recommend and why? (page 138)

137-138)

4. What is the difference between relative flexibility
tests and absolute flexibility tests? (page 139)
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Muscular Strength,
Endurance, and Power

endurance, and power.

Muscular strength
is the ability of a

muscle or muscle group
to exert maximum force.
Dynamic strength is force

After completing this chapter, you should be able to

1. Define muscular strength, dynamic strength, static strength, dynamic and static muscular

2. State why muscular strength, endurance, and power should be measured.
3. Measure muscular strength, endurance, and power.

4. Describe responsibilities after the measurement of muscular strength, endurance, and
power and prescribe activities to improve muscular strength and endurance.

exerted by a muscle group
as a body part moves. Dynamic strength also may be
referred to as isotonic strength. Static strength is the force
exerted against an immovable object; that is, movement
does not take place. This type of strength is also referred
to as isometric strength. Both types of strengths are best
measured by tests that require one maximum effort.

Muscular endurance is the ability of a muscle or mus-
cle group to resist fatigue and to make repeated contrac-
tions against a defined submaximal resistance (dynamic
endurance). It also may be the ability to maintain a cer-
tain degree of force over time (static endurance). Muscu-
lar strength and endurance are closely related, though
weight-training methods for them are typically different.
In general, strength is best developed through a high-
resistance, low-repetition program, whereas endurance is
improved through a low-resistance, high-repetition pro-
gram. Strength and endurance can be improved through
either program, however. Also, it is necessary to have
some strength to develop endurance. For example, to
develop abdominal muscular endurance through sit-ups,
you must have the strength to perform at least one sit-up.
The inability to perform one sit-up is due to lack of
strength, not to lack of endurance.

Muscular power is the ability to generate maximum
force in the fastest possible time. It also may be defined as

the ability to release maximum muscular force in an explo-
sive manner. Power is equal to the product of force times
velocity. Force is generated by muscle strength (strength is
a component of power), and velocity is the speed at which
the force is used. Although power is not considered an
essential component of physical fitness or good health, it
is often the characteristic of a good athlete. Power usually
is measured by some type of jump, throw, or charge (the
vertical jump, shot put, or a charge at a blocking sled).

Why Measure Muscular Strength,
Endurance, and Power?

In modern American society, most individuals do not need
upper body muscular strength and endurance to perform
work and routine daily activities. Additionally, many chil-
dren and adolescents fail to participate in activities that
require muscular strength and endurance. Consequently, a
lack of adequate strength and endurance causes many of us
to experience health problems.

Strong muscles help protect the joints, making them
less susceptible to sprains, strains, and other injuries.
Strength is necessary for good posture. Such postural
problems as sagging abdominal muscles, round shoulders,
and low-back pain may be prevented if adequate strength
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is maintained. In addition, strength will enable you to per-
form routine tasks more efficiently and to experience more
satisfaction from leisure sport participation.

The need for muscular endurance is demonstrated in
many of our daily activities. Have you ever experienced
occasions when it was necessary to “keep going,” though
your arms, legs, or entire body felt too tired to do so? Per-
haps your arms felt this way when carrying the groceries
from the car into the house. You had the strength to pick
up the groceries, but they felt heavier and heavier the far-
ther you carried them. This phenomenon can occur when
aperson is pushing a stalled car, carrying a heavy suitcase,
or performing any task that involves sustained muscular
contraction. Even if you do not lift and carry heavy loads,
you probably lift light loads repeatedly or lift and move
your body throughout the day. To avoid end-of-day
fatigue, you need muscular endurance. Also, possessing
adequate muscular endurance enables you to maintain
good posture, thereby decreasing the likelihood that you
will experience backaches and muscular injury while
performing routine tasks.

Children and adolescents also may experience some of
these same problems if they do not have the necessary
strength and endurance. They certainly are more suscep-
tible to poor posture (which can lead to future health prob-
lems) and quicker fatigue in their play and daily activities.
Additionally, they are less likely to experience success in
games and activities that require a level of strength and
endurance.

As previously stated, muscular power is often a char-
acteristic of a good athlete, but it is rarely necessary to
have power when performing daily tasks. Because it is not
considered to be an essential component of health and
physical fitness, it is not usually emphasized in physical
education and wellness programs. Occasionally, leisure
sports participants feel that increasing their power will
improve their sport performance.

Responsibilities after Measurement

After measurement of muscular strength and endurance,
you should seek to help the individuals who need to
improve in these components. Improvement will take
place within a few weeks if the correct program or exer-
cises are done on a regular basis. For children, a highly
organized program often is not necessary. They usually
can improve their strength through activities that require
them to move and lift their own body. For others, weight-
training programs typically involve the use of free
weights, Universal Gym, or Nautilus equipment. In such
programs, the major muscle groups should be used, the
exercises should be performed a minimum of two days
each week, and 8 to 12 repetitions of each exercise should
be completed. Muscular strength and endurance can be
improved without the use of expensive equipment or a
special room, however. Exercises and guidelines for the
development of muscular strength and endurance are pro-
vided at the conclusion of this chapter.

N ARE YOU ABLE TO DO THE FOLLOWING?

» Define muscular strength, dynamic and static muscular
strength, dynamic and static muscular endurance, and
power?

= State why muscular strength, muscular endurance, and
muscular power should be measured?

= Describe responsibilities after the measurement of
muscular strength and endurance?

Tests of Muscular Strength and Endurance

In the laboratory and rehabilitation setting, dynamometers,
cable tensiometers, and electromechanical instruments are
used to measure muscular strength and endurance. This

Sl b NGB EVIPHASIS - - -

= For the older population, the decline in muscle strength affects other functions such
as agility, balance, and coordination. Improvement in muscular strength and
endurance in these individuals can improve these abilities.
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equipment is expensive and is typically used in research
studies when accuracy of measurement is essential. Two
types of dynamometers are used to measure static strength,
one for handgrip and one for back and leg strength. Cable
tensiometers may be used to measure static strength of
many different muscle groups. Electromechanical instru-
ments measure static and dynamic strength, endurance,
and power. Through measurement of the intensity and fre-
quency (in terms of electrical activity) of muscle contrac-
tions, these instruments are capable of determining the
maximum contraction of a muscle group at a constant
speed throughout the entire range of the movement. Many
public schools and fitness centers have weight-training
machines and free weights, but few have dynamometers,
cable tensiometers, and electromechanical instruments.

Tests with Weight-Training Equipment

If weight-training equipment is available, the measurement
of dynamic muscular strength and endurance is a simple
procedure. It is important, however, that handgrip, knee
flexion, foot placement, and all other considerations that
may influence test performance be standardized and
enforced. In addition, since motivational factors can influ-
ence the test results, the test administration must be stan-
dardized for motivational considerations. Test participants
should warm up but avoid overworking, and safety precau-
tions should be observed, especially if free weights are used.

Before testing, the American College of Sports Medi-
cine (2005) recommends that the following be considered:

* Participants should be familiarized with the equipment
and test procedures.

+ All equipment should be tested for safety.

 Participants should be advised to exhale during con-
centric contraction (shortening of the muscle) and
inhale during eccentric contraction (lengthening of
the muscle).

* Adequate rest should be provided between tests.

Dynamic strength is measured with one repetition max-
imum (1-RM). Because a direct relationship exists between
body weight and weight lifted (heavier individuals gener-
ally can lift more), the maximum weight that can be lifted
should be interpreted in relation to the individual’s weight.

Although 1-RMs may be administered to measure most
muscle groups, the body’s major muscle groups may be
tested with the bench press, standing press, arm curls, and
leg press. Table 13.1 reports the optimal strength values
for these lifts for various body weights.

Muscular endurance tests may be relative or absolute. In
arelative endurance test, the performer works with a weight
that is proportionate to the maximum strength of a particu-
lar muscle group or to body weight. In an absolute
endurance test, all performers work with the same amount
of weight (the weight has no relationship to maximum
strength or body weight of the test performer). In a test for
muscular endurance, the weight should be lifted and
returned without jerky movements. A 3-second cadence
may be used for each lift to encourage continuous, smooth

TABLE 13.1 Optimal Strength Values in Pounds for Various
Body Weights (Based on 1-RM Test on Universal Gym Apparatus)

Body Bench Standing Arm Leg
Weight Press Press Curl Press
Males
80 80 53 40 160
100 100 67 50 200
120 120 80 60 240
140 140 93 70 280
160 160 107 80 320
180 180 120 90 360
200 200 133 100 400
220 220 147 110 440
240 240 160 120 480
Females

80 56 37 28 112
100 70 a7 35 140
120 84 56 42 168
140 98 65 49 196
160 112 75 56 224
180 126 84 63 252
200 140 93 70 280

Adapted from M. L. Pollock, J. H. Wilmore, and S. M. Fox, Health and
fitness through physical activity, New York: John Wiley & Sons, 1978.
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movement. The score is the number of repetitions com-
pleted, and the test is completed when a lift can no longer be
properly executed or performed with the cadence. Pollock,
Wilmore, and Fox (1978) suggest that a fixed percentage of
70% of the maximum strength be used to test muscle
endurance. This percentage would be the same for all mus-
cle groups tested. No norms have been developed for this
procedure, but on the basis of limited test data, the individ-
ual seeking health fitness should be able to perform 12 to 15
repetitions, and the competitive athlete should be able to
perform 20 to 25 repetitions of each of the lifts tested.

B 1-Repetition Maximum (RM) Bench Press Test
(ACSM 2005)

Test Objective. To measure strength of the arm extension
muscles.

Age Level. Twenty through sixty-plus.

Equipment. Free weights and weight bench; Universal or
Nautilus equipment may be used.

Validity. Research shows that the best weight-lifting test for
predicting total dynamic strength is the 1-RM bench press.
Norms. Table 13.2 provides norms.

Administration and Directions. Free weight equipment is
preferred over equipment like Universal or Nautilus, and a
spotter must be present at all times. For the test, (1) the test
performer keeps the back on the bench, both feet on the floor,
and the hands shoulder-width apart with palms up on the bar;

(2) a spotter hands the bar to the test performer, and the lift is
started with the arms fully extended; (3) the bar is lowered to
the chest and pushed back up until the arms are locked. The
test performer first should practice the bench press with a light
warm-up of 5 to 10 repetitions at 40 to 60% of perceived maxi-
mum. After a 1-minute rest, the test performer does 3 to 5 rep-
etitions at 60 to 80% of perceived maximum. The performer
should be close to the perceived maximum; a small amount of
weight is added and 1-RM is attempted. If the lift is successful,
a 3- to 5-minute rest period is provided, and the test is contin-
ued until a failed lift occurs. The 1-RM should be found in 3 to
5 efforts.

Scoring. A ratio is determined by dividing the maximum
weight lifted by the test performer’s weight in pounds.

M 1-Repetition Maximum (RM) Leg Press Test
(ACSM 2005)

Test Objective. To test strength of the lower leg extension
muscles.

Age Level. Twenty through sixty-plus.

Equipment. Leg press equipment.

Validity. Face validity.

Norms. Table 13.3 provides norms.

Administration and Directions. The administration and
directions followed for the 1-Repetition Maximum (RM)
Bench Press can be used for the leg press test.

Scoring. A ratio is determined by dividing the maximum
weight pressed by the test performer’s weight in pounds.

TABLE13.2 Norms for 1-Repetition Maximum (RM) Bench Press Test

Age
Performance Level 20-29 30-39 40-49 50-59 60+
Males
Above average 1.22 1.04 .93 .84 77
Average 1.06 .93 .84 .75 .68
Below average .93 .83 .76 .68 .63
Females
Above average 74 .63 .57 .52 .51
Average .65 .57 b2 46 45
Below average .56 .51 47 42 40

Adapted from ACSM's health-related physical fitness assessment manual, Philadelphia: Lippincott Williams & Wilkins, 2005.
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TABLE 13.3 Norms for 1-Repetition Maximum (RM) Leg Press Test

Age
Performance Level 20-29 30-39 40-49 50-59 60+
Males
Above average 2.05 1.85 1.74 1.64 1.56
Average 1.91 1.71 1.62 1.52 1.43
Below average 1.74 1.59 1.51 1.39 1.30
Females
Above average 1.68 1.39 1.29 1.17 1.13
Average 1.44 1.27 1.18 1.05 .99
Below average 1.27 1.15 1.08 .95 .88

Adapted from ACSM'’s health-related physical fitness assessment manual, Philadelphia: Lippincott Williams & Wilkins, 2005.

Bl YMCA Bench Press Test

(Golding, Myers, and Sinning 1989)

Administration and Directions. Use a 35-pound barbell with
females and an 80-pound barbell with males. Set the metro-

Test Objective. To test dynamic muscle endurance of the
upper arm and shoulder girdle muscles.
Age Level. Eighteen through sixty-five-plus.

Equipment. A metronome, 35-pound barbell, 80-pound

barbell, and weight bench.

Norms. Table 13.4 provides norms.

nome to 60 beats per minute. For the test, the test performer

(1) lies supine on the bench with the feet flat on the floor;

(2) receives the barbell from a spotter with the arms flexed
(weight rests on the chest) and the hands shoulder-width apart;
(3) presses the weight up and lowers the weight at a cadence of
30 repetitions per minute; and (4) continues until the arms can-
not fully extend or the cadence cannot be maintained. The arms
must be fully extended and returned to the chest with each lift.

TABLE 13.4 Norms for YMCA Bench Press Test

Age
Performance Level 18-25 26-35 36-45 46-55 5665 >65
Males
Above average 29-33 26-29 22-25 16-20 12-14 10
Average 24-28 21-24 18-21 12-14 9-11 7-8
Below average 20-22 17-20 14-17 9-11 5-8 4-6
Females
Above average 25-28 24-28 21-24 14-18 12-14 8-10
Average 20-22 18-22 16-20 10-13 8-10 5-7
Below average 16-18 14-17 12-14 7-9 5-6 3-4

Adapted from L. A. Golding, C. R. Myers, and W. E. Sinning (eds.), The Y's way to physical fitness, 3rd ed., Champaign, IL: Human Kinetics, 1989.
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Tests Requiring Limited Equipment

The following tests for muscular strength, endurance, and
power are simple and practical, and they require little
equipment for administration. However, reliability and
objectivity coefficients are not reported for all the tests,
and many of them are not appropriate for both sexes. If a
test is designed primarily for one sex, that sex is indicated.
Rest should be permitted when two or more test trials are
administered.

W Sit-Ups Test (Strength)
(Johnson and Nelson 1986)

Test Objective. To measure strength of abdominal and trunk
flexion muscles.

Age Level. Twelve through college-age.

Equipment. A mat, weight bar, dumbbell bar, weight plates,
and a 12-inch ruler.

Validity. Face validity.
Reliability. .91.
Objectivity. .98.

Norms. Johnson and Nelson (1986) provide norms (weight
lifted divided by body weight) for college students.

Administration and Directions. The sit-up is performed
with a weight plate, a dumbbell, or a barbell behind the
neck. If a dumbbell or barbell is used, the attached weight
plates must not have a greater circumference than standard
5-pound plates. The test performer (1) selects the amount of
weight that is to be held during the sit-up; (2) assumes a
supine position on a mat so the selected weight is behind the
neck, flexes the knees, and places the feet flat on the mat;
(3) with a test partner holding a ruler under the knees, slides
the feet toward the buttocks until the ruler can be held in
place by the flexion of the lower legs; (4) slowly slides the
feet forward until the ruler falls—at that point the test
administrator marks the heel line and the buttocks line, indi-
cating the distance that should remain between the heels and
the buttocks during the test; and (5) as the partner holds the
performer’s feet firmly to floor, attempts to sit up while
holding the weight behind the neck (see figure 13.1). The
test administrator should be prepared to remove the weight
at the completion of the sit-up.

Scoring. Two sit-ups are permitted, and the greatest amount
of weight lifted is recorded. The test score may be (1) the
amount of weight lifted or (2) the amount of weight lifted
divided by body weight.
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FIGURE 13.1 Sit-ups test for strength.

W Sit-Ups Test (Endurance)
(AAHPERD 1980a; Pollock, Wilmore, and Fox 1978)

Test Objective. To measure abdominal strength and
endurance.

Age Level. Five through adulthood.

Equipment. Mats and a stopwatch.

Validity. Logical validity.

Reliability. .68 to .94 for modified sit-ups test.

Norms. Tables 13.5, 13.6, and 13.7 provide norms.
Administration and Directions. Three types of sit-ups tests
may be administered; all three are performed for 60 seconds.
With the modified sit-ups test, the test performer assumes a
supine position on the mat with the knees flexed, feet flat on
the mat, and the heels between 12 and 18 inches from the but-
tocks. The arms are crossed on the chest with the hands on
opposite shoulders. A test partner holds the feet of the test per-
former to keep them in contact with the mat. On the signal
“Go,” the test performer (1) curls to a sitting position and
touches the thighs with the elbows while maintaining arm con-
tact with the chest and keeping the chin tucked on the chest
(see figure 13.2, page 159); (2) curls back to the floor until the
midback contacts the mat; and (3) continues to perform as
many sit-ups as possible in 60 seconds. The test administrator
should use the signal “Ready, Go” to begin the test, and the
word “Stop” to conclude the test at the end of 60 seconds.
Pausing between sit-ups is permitted. Table 13.5 includes
norms for this sit-ups test for ages five through college-age.

A second type of sit-ups test is administered in a similar proce-
dure, except the hands are interlocked behind the performer’s
neck, the elbows are touched to the knees, and the performer must
return to the full lying position before starting the next sit-up (see



TABLE 135 Norms for Modified Sit-Ups Test for Ages Five through College-Age

Age
Percentile 5 6 7 8 9 10 11 12 13 14 15 16 17+ College
Males
95 30 36 42 48 47 50 51 56 58 59 59 61 62 60
75 23 26 33 37 38 40 42 46 48 49 49 51 52 50
50 18 20 26 30 32 34 37 39 41 42 44 45 46 44
25 11 15 19 25 25 27 30 31 35 36 38 38 38 38
5 2 6 10 15 15 15 17 19 25 27 28 28 25 30
Females
95 28 35 40 44 44 47 50 52 51 51 56 54 54 53
75 24 28 31 35 35 39 40 41 41 42 43 42 44 42
50 19 22 25 29 29 32 34 36 35 35 37 33 37 35
25 12 14 20 22 23 25 28 30 29 30 30 29 31 30
5 2 6 10 12 14 15 19 19 18 20 20 20 19 21

Adapted from AAHPERD health related physical fitness test manual, Reston, Va.: American Alliance for Health, Physical Education, Recreation and Dance,
1980; and R. R. Pate, Norms for college students: Health related physical fitness test, Reston, Va.: AAHPERD, 1985.

figure 13.3). The performer should be cautioned not to use the

arms to thrust the body into a sitting position. Table 13.6 includes

norms for ages twenty through sixty-nine for this sit-ups test.
The third sit-ups test is administered in the same way as

the second type test, except the hands are cupped behind the

ears. Table 13.7 includes norms for ages below twenty through
sixty-plus.
Scoring. The score for all three tests is the number of sit-ups

correctly performed during the 60 seconds. Incorrect perform-

ance for the modified sit-ups test includes failure to curl up,

failure to keep the arms against the chest, failure to touch the
thighs with the elbows, and failure to touch the midback to the
mat. The distance between the heels and the buttocks should
be monitored continuously. Incorrect performance for the sec-
ond and third types of sit-ups tests includes failure to keep the
hands interlocked behind the neck, failure to touch the knees
with the elbows, and failure to return to the full lying position.
If partners are permitted to count the number of sit-ups, the test
administrator should observe to be sure the partners are count-
ing only sit-ups that are performed correctly.

++ « POINT OF A1 1 AN NI

= The sit-ups and curl-ups tests described in this chapter emphasize speed of performance.
Similar tests are included as components of health-related fitness tests described in
chapter 15. You will note, however, that a few of the tests in chapter 15 require that the
sit-ups or curl-ups be performed at a specified cadence (e.g., 20 curl-ups per minute)
rather than at maximum speed. Some exercise specialists believe that the speed proce-
dure incorporates muscular power into the sit-ups and curl-ups tests whereas the
cadence procedure better measures muscular endurance.
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TABLE 13.6 Norms for Sit-Ups Test with Hands behind Neck (Muscular Endurance) for Ages Twenty through Sixty-Nine

Performance Level

Age

20-29

30-39

40-49

50-59

60-69

Males

Above average
Average

Below average

43 and above
37 t0 42
36 and below

35 and above
29 to 34
28 and below

30 and above
24 t0 29
23 and below

25 and above
19to 24
18 and below

20 and above
14t0 19
13 and below

Females

Above average
Average
Below average

39 and above
33t0 38
32 and below

31 and above
25 to 30
24 and below

26 and above
19to 25
18 and below

21 and above
1510 20
14 and below

16 and above
10to 15
9 and below

Adapted from M. L. Pollock, J. H. Wilmore, and S. M. Fox, Health and fitness through physical activity, New York: John Wiley & Sons, 1978.

B Abdominal Curls
(Robbins, Powers, and Burgess 1991)

Test Objective. To measure abdominal strength and endurance.
Age Level. Five through adulthood.

Equipment. Mats, tape, and stopwatch.

Validity. Logical validity.

Reliability. Not reported.

Norms. Table 13.8 provides norms for ages eighteen through
thirty.

Administration and Directions. A strip of tape 3 inches
wide is placed on the mat. The test performer assumes a
supine position on the mat, with the fingertips at the edge of
the strip. The knees are flexed, the feet are placed flat on the
floor, and the heels are as close to the hips as possible. The
test performer curls forward until the fingertips move forward

TABLE 13.7 Norms for Sit-Ups Test with Hands Cupped behind Ears (Muscular Endurance) for Ages below Twenty through

Sixty-Plus
Age
Performance Level <20 20-29 30-39 40-49 50-59 60+
Males
Excellent 51-55 47-52 43-48 39-43 35-39 30-35
Good 47-50 42-46 39-42 34-37 28-33 22-28
Fair 41-46 38-41 35-37 29-32 24-27 19-21
Females

Excellent 46-54 44-49 35-40 29-34 24-29 17-26
Good 36-40 38-42 29-33 24-28 20-22 11-15
Fair 32-35 32-37 25-28 20-23 14-19 6-10

Adapted from Physical fitness assessments and norms, Dallas, TX: The Cooper Institute, 2004.
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FIGURE 132 Modified sit-ups test.

3 inches and curls backward until the shoulder blades touch should not lift off the mat, and the feet should not be held
the mat. The shoulder blades should lift from the mat with down by a partner.
each curl, but the lower back should stay on the mat. The feet Scoring. The test score is the number of curls that can be

performed in 1 minute.

TABLE 13.8 Norms for Abdominal Curls for Ages Eighteen

through Thirty

Males Females
Excellent 96 and above 89 and above
Good 82-95 76-88
Average 68-81 63-75
Poor 54-67 49-62
Very poor 53 and below 48 and below

Source: G. Robbins, D. Powers, and S. Burgess, A wellness way of life,
FIGURE 133 Sit-ups test (hands behind neck). 2d ed., Dubuque, lowa: Brown & Benchmark Publishers, 1994.
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TABLE 139 Norms for Abdominal Curls for Ages Eighteen through Sixty-Plus

Age
Performance Level 18-29 30-39 40-49 50-59 60+
Males
Advanced >50 >45 >40 >35 >30
Intermediate 30-50 22-45 21-40 18-35 15-30
Beginner <30 <22 <21 <18 <15
Females
Advanced >45 >40 >35 >30 >25
Intermediate 25-45 20-40 18-35 12-30 11-25
Beginner <25 <20 <18 <12 <N

Adapted from Physical fitness assessments and norms, Dallas, Tex. The Cooper Institute, 2004.

B One-Minute Curl-Up Test
(The Cooper Institute 2004)

Test Objective. To measure abdominal strength and endurance.
Age Level. Five through sixty-plus.

Equipment. Mats, ruler, tape, and stopwatch.

Validity. Face validity.

Norms. Table 13.9 provides norms for ages eighteen through
sixty-plus.

Administration and Directions. The test administration and
directions for the abdominal curl test described above are
followed except the test performer’s feet are held in place by
another individual.

B Pull-Ups Test for Strength
(Johnson and Nelson 1986)

Test Objective. To measure arm and shoulder girdle strength.
Age Level. Twelve through college-age.

Equipment. A horizontal bar; 2)-, 5-, 10-, and 25-pound
weight plates; a rope or strap to secure the weights to the waist
of the test performer; and a chair.

Validity. Face validity.

Reliability. .99.

Objectivity. .99.

Norms. Johnson and Nelson provide norms for college males.
Administration and Directions. The horizontal bar is raised
to a height so that the test performer’s feet will be off the floor.
The test performer (1) secures the desired amount of weight to
the waist and steps on the chair (the test administrator should

160 Chapter 13

assist when the performer steps to and from the chair);

(2) grasps the bar with the overhand grip (palms forward) and
assumes a straight-arm hang (chair is removed); and (3) pulls
upward until the chin is above the bar (chair is replaced under
the feet). The performer may step down and readjust the
weights before repeating the test.

Scoring. Two pull-ups are permitted, and the greatest amount
of weight lifted is recorded. The test score is the amount of
weight lifted divided by body weight. The test performer who
cannot lift more than his or her own body weight receives a
score of zero. No swinging action to move upward is permitted.

B Pull-Ups Test for Endurance
(AAHPERD 1976a)

Test Objective. To measure arm and shoulder girdle strength
and endurance.

Age Level. Nine through college-age.

Equipment. Metal or wooden bar approximately 14 inches in
diameter (inclined ladder may be used).

Validity. Face validity.

Reliability. .87.

Norms. Table 13.10 provides norms for males ages nine
through seventeen-plus.

Administration and Directions. The test performer hangs
from the bar using the overhand grip (palms forward) with the
legs and arms fully extended. The feet should not touch the
floor. The performer pulls upward until the chin is over the bar
and then lowers the body to a full hang position. The pull-up is
repeated as many times as possible.



TABLE 13.10 Norms for Pull-Ups Test for Males Ages Nine through Seventeen+

Age
Percentile 9-10 1" 12 13 14 15 16 17+
95 9 8 9 10 12 15 14 15
75 3 4 4 5 7 9 10 10
50 1 2 2 3 4 6 7 7
25 0 0 0 1 2 3 4 4
15 0 0 0 0 1 1 3 2

Adapted from AAHPERD, AAHPERD youth fitness test manual, Reston, Va.: American Alliance for Health, Physical Education, Recreation and Dance, 1976.

Scoring. Only one trial is administered, unless it is obvious the Test Objective. To measure arm and shoulder girdle endurance.
performer can do better with a second attempt. The score is the Age Level. Ten through college-age.
number of completed pull-ups. The knees must not be flexed, Equipment. Horizontal bar.
and kicking, swinging, and snap-up motions are not permitted. Validity. Face validity.
The test administrator may prevent these actions by holding an Norms. None.
extended arm across the front of the performer’s thighs. Administration and Directions. The bar is adjusted to the

A test using the reverse grip (palms facing the body) is also height of the base of the performer’s sternum when the per-
administered to measure arm and shoulder girdle strength and former is standing erect. The performer (1) grasps the bar with
endurance. This is an acceptable grip, but because the test per- an overhand grip (palms forward) and slides the feet under the
formers will be able to complete more repetitions with this bar until the arms are straight and the angle between the arms
grip, the AAHPERD norms should not be used for scoring. and trunk is 90°; (2) keeps the body rigid and straight and brings

the chin over the bar; and (3) completes as many pull-ups as

B Modified Pull-Ups for Endurance possible (see figure 13.4).

Scoring. Only one trial is permitted, and the score is the
number of correct pull-ups completed.

Note: Though designed for females, this test may be adminis-
tered to males who are unable to perform the pull-ups previously
described.

FIGURE 134 Modified pull-ups for females.
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B Baumgartner Modified Pull-Ups Test
(Baumgartner and Jackson 1982; Baumgartner et al. 1984)

Test Objective. To measure arm and shoulder girdle strength,
endurance, or both.

Age Level. Elementary school through college.

Equipment. The necessary equipment is sold commercially,
or it may be constructed locally with inexpensive parts. The
equipment consists of an inclined board with a rail system for
a scooter board to slide on (see figure 13.5).

Validity. Face validity and construct validity, since males
performed significantly better than females.

Reliability. Reliability coefficients of .89 to .98 have been
reported.

Norms. Table 13.11 reports norms for ages six through
college-age.

Administration and Directions. The test performer lies prone
on the scooter board and grasps the bar with an overhand grip,
hands shoulder-width apart. The arms should be fully extended.
The test is then performed like the regular pull-ups test, pulling
the chin over the bar and returning to a straight-arm hanging
position. The performer should pull evenly with both arms and
not drag the toes.

Scoring. The score is the completed number of repetitions.

B Modified Pull-Ups Test
(Pate et al. 1987)

Test Objective. To measure upper body muscular strength and
endurance.

Age Level. Five through eighteen.

Equipment. Modified pull-up stand or a low pull-up bar that
allows for adjustment of height and elastic bands.

Administration and Directions. The test performer lies on
the back with the shoulders between the uprights and reaches
straight up as high as possible (head and shoulders remain flat
on floor). The tester sets the bar approximately 2 inches above
the performer’s outstretched hands and places the elastic band
7 to 8 inches below the bar. The performer raises the body high
enough to grasp the bar with the palms forward (see figure
13.6a). In the starting position, the heels are on the floor, the
buttocks are off the floor, and the arms and legs are straight.
The pull-up is completed when the chin is hooked over the
elastic band (see figure 13.6b). The performer returns to the
full extension of the arms and repeats as many times as possi-
ble. The body is to remain straight throughout the test.
Scoring. The score is the completed number of repetitions.
No norms have been reported.

B Flexed-Arm Hang
(AAHPERD 1976a)

Test Objective. To measure arm and shoulder girdle
endurance.

Age Level. Nine through college-age.

Equipment. A horizontal bar 1’ inches in diameter and a
stopwatch.

Validity. Face validity.

Reliability. .90.

Objectivity. .99.

Norms. Table 13.12 (page 165) provides norms for females
ages nine through seventeen-plus.

Administration and Directions. The bar should be at a
height that does not allow the test performer to touch the floor
from the flexed-arm position. With the assistance of two spot-
ters and using an overhand grip, the performer raises the body

FIGURE13.5 Baumgartner modified pull-ups test. (Photos courtesy of Flaghouse.)
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TABLE 13.11

Norms for Baumgartner's Modified Pull-Ups Test

Age
Performance Level 6 1 8 9-11 ** 14 15 16 17-18 College
Males
Above 18 and 23 and 26 and 32 and 30 and 31 and 35 and 33 and 34 and
average above above above above above above above above above
Average 1310 17 18 to 22 19to 25 25 to 31 25t029 27t030 30to34 29t032 281033
(40% to 60%)
Below 12 and 17 and 18 and 24 and 24 and 26 and 29 and 28 and 27 and
average below below below below below below below below below
Age
Performance Level 6 1 8 9-11 ** 14-15 ** College
Females
Above 18 and 21 and 19 and 24 and 14 and 13 and
average above above above above above above
Average 13t0 17 15t0 20 14t0 18 18to0 23 10t0 13 10to0 12
(40% to 60%)
Below 12 and 14 and 13 and 17 and 9 and 9 and
average below below below below below below

**Norms not reported for males ages twelve through thirteen, or for females ages twelve through thirteen and sixteen through eighteen.

Adapted from A. Jackson et al., Baumgartner’s modified pull-up test for male and female elementary school aged children, Research Quarterly for Exercise
and Sport 53:163-164, 1982; and T. A. Baumgartner et al., Equipment improvements and additional norms for the modified pull-ups test, Research Quar-

terly for Exercise and Sport 55:64-68, 1984.

off the floor so that the chin is above the bar and the elbows
are flexed. This position is held for as long as possible.
Scoring. The score is the number of seconds the proper posi-
tion is maintained. The test administrator should begin the time
as soon as the performer is in the flexed-arm position and
should stop the time when the chin touches the bar, tilts back-
ward, or drops below the bar. Though developed for females,
this test may be used for males who are unable to perform the
pull-ups test.

B Dip Test for Strength
(Johnson and Nelson 1986)

Test Objective. To measure arm and shoulder girdle strength.
Age Level. Twelve through college-age.

Equipment. Parallel bars, weight plates, straps, and a chair.
Validity. Face validity.

Reliability. .98.

Objectivity. .99.

Norms. Johnson and Nelson (1986) provide norms for college
males.

Administration and Directions. The bars should be at a
height that allows the test performer to be freely above the floor
while in the lowered bent-arm support position. After securing
the desired amount of weight to the waist, the test performer
(1) steps on the chair and takes a secure grip on the bars (he or
she should be assisted when stepping to and from the chair);

(2) assumes a straight-arm support position (the chair is
removed); (3) lowers himself or herself until the elbows form a
right angle; and (4) pushes to a straight-arm support position
(chair is replaced). The performer may step down and readjust
the weights before attempting the exercise again.

Scoring. Two dips are permitted. The greatest amount of
weight lifted is recorded. The test score is the amount of
weight lifted divided by body weight. The test performer is not
permitted to swing or kick in returning to the straight-arm sup-
port position.
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TABLE 13.12 Norms in Seconds for Flexed-Arm Hang for Females Ages Nine through Seventeen+

Age
Percentile 9-10 1 12 13 14 15 16 17+
95 42 39 33 34 35 36 31 34
75 18 20 18 16 21 18 15 17
50 9 10
25 3 3 3 3
15 1 2 1 1 2 2 1

Adapted from AAHPERD, AAHPERD youth fitness test manual, Reston, Va.: American Alliance for Health, Physical Education, Recreation and Dance, 1976.

B Dips Test for Endurance Administration and Directions. The test performer (1) lies
(Johnson and Nelson 1986) face down on the floor with the body straight, arms bent, and
hands flat on the floor beneath the shoulders; (2) uses the toes
as the pivot point and pushes upward to a straight-arm posi-
tion; (3) lowers the body until the chest touches the floor; and
(4) repeats the exercise as many times as possible without rest.
The body must stay rigid (not sag or pike upward) throughout
the test. A sponge that is 2 inches high may be placed on the
floor for the performer to touch with the chest.

Scoring. The score is the number of correct push-ups completed.

Test Objective. To measure arm and shoulder girdle endurance.
Age Level. Ten through college-age.

Equipment. Parallel bars.

Validity. Face validity.

Reliability. .90.

Objectivity. Not reported.

Norms. None reported.

Administration and Directions. The bars should be at a B Modified Push-Ups
height that allows the test performer to be freely above the
floor while in the lowered bent-arm support position. The per-
former (1) jumps to a straight-arm support position between
the bars; (2) lowers the body until the angle at the elbows is a
right angle or less; and (3) completes the exercise as many
times as possible.

Test Objective. To measure arm and shoulder girdle
endurance.

Age Level. Ten through adulthood.

Equipment. None required; mats may be used.

Scoring. The score is the number of correct dips completed. Validity. Face validity.

Resting between dips and kicking or swinging are not permitted. Reliability. .93 (Johnson and Nelson 1986).

Objectivity. Not reported.
B Push-Ups Norms. Table 13.13 provides norms for females ages twenty
(Johnson and Nelson 1986) through sixty-nine. The Canadian Physical Activity Fitness &

Lifestyle Appraisal (page 203) also includes norms.
Administration and Directions. The test performer (1) lies
face down on the floor with the body trunk straight, knees
bent at right angles, arms bent, and hands flat on the floor
beneath the shoulders; (2) uses the knees as the pivot point
and pushes upward to a straight-arm position (see figure

Test Objective. To measure arm and shoulder girdle endurance.
Age Level. Ten through adulthood.

Equipment. None required; mats may be used.

Validity. Face validity.

Objectivity. .99. 13.7); (3) lowers the body until the chest touches the floor;
Norms. Table 13.13 reports norms for males and females and (4) repeats the exercise as many times as possible without
(modified push-ups) ages twenty through sixty-nine. The rest. The body trunk must remain straight throughout the test.
Canadian Physical Activity, Fitness & Lifestyle Appraisal Modified push-ups also may be performed with a bench. The
(see page 203) also includes norms for males and females ages push-up is performed in the same manner as regular push-ups
fifteen through sixty-nine. (weight supported on hands and toes) except the hands are
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TABLE 13.13 Norms for Push-Ups Test (Muscular Endurance) for Ages Twenty through Sixty-Nine

Age

Performance Level 20-29 30-39

40-49 50-59 60-69

Males

Above average 45 and above 35 and above

30 and above 25 and above 20 and above

Average 35to 44 25t0 34 20 to 29 15t0 24 10to0 19
Below average 34 and below 24 and below 19 and below 14 and below 9 and below
Females
(Modified Push-Ups)
Above average 34 and above 25 and above 20 and above 15 and above 5 and above
Average 17 t0 33 1210 24 81019 61to 14 3to4
Below average 16 and below 11 and below 7 and below 5 and below 2 and below

Adapted from M. L. Pollock, J. H. Wilmore, and S. M. Fox, Health and fitness through physical activity, New York: John Wiley & Sons, 1978.

FIGURE 13.7 Modified push-ups.

placed on a bench that is approximately 15 inches high and 15
inches long.
Scoring. The score is the number of correct push-ups completed.

Tests of Muscular Power

Two types of muscular power may be measured: athletic
power and work power. The distance the body or an object
can be propelled through space indicates athletic power
(vertical jump and medicine ball put). If work power is to
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be measured, extraneous movements are controlled or
eliminated, so that maximum effort must be put forth by
the muscle groups being tested. For example, if the verti-
cal jump is used to measure work power, the test per-
former is not permitted to swing the arms. Because power
is rarely measured to determine the health or physical fit-
ness status of an individual, only two athletic power tests
will be presented.

B Vertical Jump
(Sargent 1921)

Test Objective. To measure explosive leg power.

Age Level. Nine through adulthood.

Equipment. A yardstick or measuring tape, chalk, and a wall
of sufficient height.

Validity. .78 using a criterion test of four power events in
track and field.

Reliability. .93.

Objectivity. Coefficients >.90 have been reported.

Norms. Table 13.14 reports norms for ages ten through
seventeen-plus, and table 13.15 reports norms for ages twenty
through fifty-nine. Norms for ages fifteen through sixty-nine
also are included with the Canadian Physical Activity, Fitness
& Lifestyle Appraisal (page 203).

Administration and Directions. A yardstick or tape measure is
taped to the wall to measure the distance between two chalk



TABLE 13.14 Norms in Inches for the Vertical Jump for Ages Ten through Seventeen+

Age
Percentile 10 1" 12 13 14 15 16 17+
Males
95 15.5 16.5 17.5 19.0 20.5 215 22.5 24.0
75 12.5 13.5 14.5 16.0 17.5 18.5 19.5 21.0
50 11.0 12.0 13.0 14.5 16.0 17.0 18.0 19.5
25 9.0 10.0 11.0 12.5 14.0 15.0 16.0 17.5
5 6.0 7.0 7.0 8.5 10.0 11.0 12.0 13.5
Females
95 14.0 14.5 15.0 15.5 16.0 17.0 17.0 17.0
75 11.5 12.0 12.5 13.0 13.5 14.5 14.5 14.5
50 10.0 10.5 11.0 115 12.0 13.0 13.0 13.0
25 8.5 9.0 9.5 10.0 10.5 1.5 11.5 1.5
5 6.0 6.5 7.0 7.5 8.0 9.0 9.0 9.0

Adapted from Physical fitness—motor ability test, Austin, Tex.: Texas Governor's Commission on Physical Fitness, 1973.

TABLE 13.15 Norms in Inches for Vertical Jump for Ages

Twenty through Fifty-Nine

Age
Percentile 20-29 30-39 40-49 50-59
Males
95 26.5 25 22 21
75 23 21 18 16.5
50 20.5 19.5 16 14
25 18 17 14 12
5 13.5 14.5 11 9.5
Females
95 19 17 13.5 NA
75 17 15 12.5 NA
50 15 12.5 10 NA
25 13 11 8.5 NA
5 11.5 9 7 NA

Adapted from Physical fitness assessments and norms, Dallas, TX: The
Cooper Institute, 2004.

marks. The test performer (1) stands with the dominant side

toward the wall and feet flat on the floor; (2) holding a piece of
chalk (1 inch in length) in the dominant hand, reaches as high as
possible and makes a mark on the wall; and (3) jumps as high as

possible and makes another mark at the height of the jump.

Three trials are administered. (Rather than using a piece of chalk
to make the mark, chalk can be placed on the fingertips.) All test
performers should practice the jump until it can be executed cor-
rectly before attempting the test.
Scoring. For each jump the score is the distance between the

two chalk marks, measured to the nearest half inch. The great-
est distance is the test score.

B Standing Broad Jump
(AAHPERD 1976a)

Test Objective. To measure explosive leg power.
Age Level. Six through college-age.
Equipment. A yardstick, tape, and tape measure; mat is

optional.

Validity. Face validity.

Reliability. Coefficients ranging from .83 to .99 have been

reported.

Norms. Table 13.16 reports norms for ages nine through

seventeen-plus.

Muscular Strength, Endurance, and Power
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TABLE 13.16 Norms in Feet and Inches for Standing Broad Jump for Ages Nine through Seventeen+

Age
Percentile 9-10 1" 12 13 14 15 16 17+
Males
95 60" & 2" 6 6" 7747 76 80" g 2" 85
75 5 47 5 77 59" & 3 &8 7797 76 7o
50 ¥ 117 5 07 5 57 59" & 2" &8 70 77 o7
25 Ve v 50" 5 o7 56" 61" 66" 66
5 310 2o 2o 2 vy 5 07 55 53"
Females
95 510" 60" & 2" 65 & 8" & 7" 6 6" &9
75 5 07 5 47 5 6" 59" 5117 510" 59 60"
50 vy ¥ 117 50" 5 37 5 47 5 57 537 5 57
25 PR v Ve Vg 210 2117 ry 2117
5 35 3 g 310" ¥ ¥ 2o PG VIR

Adapted from AAHPERD, AAHPERD youth fitness test manual, Reston, Va.: American Alliance for Health, Physical Education, Recreation and Dance, 1976.

Administration and Directions. A tape measure should be
taped to the floor or mat close to and parallel with the area
where the jump will be performed. The test performer

(1) stands behind the restraining line with the feet parallel and
several inches apart; (2) bends the knees and swings the arms
forward; and (3) jumps forward as far as possible. The test
administrator marks the landing point of the nearest heel to the
restraining line with the yardstick (yardstick is placed perpen-
dicular to tape measure). All test performers should be permit-
ted to practice the jump until they can perform it correctly.
Three trials are administered.

Scoring. The score is the number of inches between the
restraining line and the nearest heel on landing. If the test per-
former falls backward on landing, the measurement is made
from the restraining line to the nearest part of the body touch-
ing the floor or mat.

Exercises to Develop Muscular
Strength and Endurance
The following exercises require no special equipment

and, with a few exceptions, can be performed by children
through adults. Avoiding extreme soreness or injury when
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the following, and similar, exercises are performed
requires that certain guidelines be observed:

1. Perform stretching and warm-up exercises before

attempting muscular effort.

. Since some exercises are more difficult than others,
perform the ones that provide a mild overload and
gradually progress to the more difficult ones.

. Unless otherwise indicated, begin with ten repetitions
and add two or three repetitions each week until the
desired number is reached. If unable to perform ten
repetitions, begin with a lower number.

4. Perform the exercises 3 to 5 days per week.
Posterior Upper Arms, Shoulders,
Chest, and Upper Back

Chair Push-Up. (1) Place hands shoulder-width apart
with fingertips forward on chair or bench, feet on the
floor, and weight supported on the toes; (2) straighten
arms with chin up and chest forward; (3) bend arms and



lower chest within 1 to 2 inches of chair; and (4) push
back to starting position.

Modified Push-Up. Perform in same manner as modi-
fied push-up (page 165).

Push-Up. Perform in same manner as push-up (page
165).

Advanced Push-Up. Perform in same manner as regular
push-up, but place feet on a bench or chair.

Anterior Upper Arms, Shoulders, Chest, and Upper Back

Modified Pull-Up. Perform in same manner as modified
pull-up (page 161).

Pull-Up. Perform in same manner as pull-up (page 160).

Pull-Up with Weight. (1) Fill two plastic milk or bleach
bottles with equal amounts of water or sand, and tie a bot-
tle to each end of a rope that is 24 to 36 inches long;
(2) hang the bottles around the shoulders so that they are
in front of the body (may place padding between the rope
and neck); and (3) perform the pull-ups.

Arm Curls. (1) Fill two plastic milk or bleach bottles
with equal amounts of water or sand, and tie a bottle to
each end of a bar or heavy stick that is approximately 36
to 40 inches long; (2) stand erect with arms fully extended
downward and grasp bar with palms up and shoulder-
width apart; (3) raise bar to chest by bending arms
(elbows should remain at sides and back should remain
straight); and (4) perform two or three sets of six to ten
repetitions.

Abdomen

To perform these exercises, lie on the back with the knees
bent and feet flat on the floor.

Trunk Curl. (1) Clasp hands on top of head (placing the
hands behind head may cause the head to jerk forward,
straining the neck muscles); (2) roll head and shoulders
forward and upward enough to feel tension; and (3) return
to starting position.

Reverse Sit-Up. (1) Place arms at sides and lift knees to
chest, raising hips off the floor, and (2) return to starting
position.

Assisted Flexed-Knee Sit-Up.  Perform sit-up with hands
under thighs to help pull the upper body up to position
where no resistance is encountered.

Flexed-Knee Sit-Up. Perform sit-up with arms at sides,
arms folded across chest, or hands clasped on top of head.

Sit-Up with Feet Elevated. Begin in same position as
previous sit-ups but place feet on seat of chair, bed, or
bench; knees remain bent, and arms may be placed in any
position.

Lateral Trunk

Side Bender. (1) Stand with feet shoulder-width apart and
hands clasped behind head, and (2) alternate bending to
right and left while maintaining straight back and legs. Per-
form the same number of repetitions for each side. This exer-
cise may be made more difficult by extending arms overhead
or extending at sides, holding a weight in each hand.

Lower Back and Buttocks

Back Tightener. (1) Lie facedown with hands behind
lower back, and (2) raise head and chest slightly off
floor, tensing lower back and buttocks muscles. Do not
overextend.

Leg Raise. (1) With body supported on hands and knees,
extend and raise one leg behind the body. (2) Perform the
same number of repetitions with each leg. Wearing heavy
shoes or adding weight to ankles will increase resistance.

Back Leg Raise. (1) Lie facedown, hands clasped
behind head, and (2) lift straight legs a few inches off
floor. Hold head and chest down.

Back Extension. (1) Lie on a bench facedown and
extend body from waist up over the edge of bench (it will
be necessary to strap feet down or have someone hold
them). (2) With hands clasped behind head, lift head and
trunk. Do not overextend.
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Lateral Hips and Thighs

Side Leg Raise. (1) Using the arms to maintain balance,
lie on right side with legs straight; (2) lift left leg straight
up from side as high as possible; (3) return to starting
position; and (4) perform the same number of repetitions
with each leg. Wearing heavy shoes or adding weight to
ankles will increase resistance.

Leg Raise. (1) Lie on back with arms at sides and lift legs
until they are perpendicular to floor; (2) open legs to a wide
V-shape; and (3) close the V and return to starting position.
May use heavy shoes or weights for added resistance.

Upper Legs

Two-Leg Squat. (1) Stand with feet 12 inches apart, with
arms extended in front and parallel to floor; (2) squat until
knees are bent at a 90° angle (do not go beyond this point;
place a chair behind the legs to prevent squatting past
90°); and (3) return to standing position.

Single Leg Knee Dip (with Assistance). (1) Stand facing
a partner and hold right hands as if shaking hands (if nec-
essary may use table or chair); (2) keeping left leg
extended in front, squat down on right foot until knee is at
a 90° angle (partner remains standing); (3) grab partner’s
hand with both hands to return to standing position; and
(4) perform the same number of dips with each leg,
though attempt no more than five to seven dips when first
performing this exercise. Using partner’s hand only for
balance throughout exercise will increase difficulty.

Lower Legs

Heel Raises. (1) Stand on a board, book, or something
similar, with heels resting off the edge; (2) using arms for
balance, rise up onto toes; and (3) return to starting posi-
tion. Hanging weights around shoulders will increase
resistance.
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Jumps in Place. (1) With feet parallel, 12 inches apart,
jump in place. (2) Maintain a steady pace. Do not attempt
to jump too high, and try to perform on a soft surface
(mats, or wood floor with carpet).

Review Problems

1. Review additional muscular strength, endurance, and
power tests found in other textbooks. Note the groups
for whom the tests are intended and the validity, reli-
ability, and objectivity coefficients.

2. Administer one of the muscular strength and one of
the endurance tests described in this chapter to several
of your classmates. Ask them to provide constructive
criticism of your test administration.

3. Interview individuals responsible for weight-training
programs at fitness or wellness centers. Inquire
about tests that are used to measure muscular
strength and endurance, interpretation of test
results, and programs prescribed for development of
muscular strength and endurance.

4. A physical education teacher administered the modi-
fied sit-ups test to students in the second grade. The
scores listed below are for the fifty girls in the second
grade. Determine the mode, median, mean, and stan-
dard deviation for the scores. Refer to table 13.5, and
compare the group with national norms.

15 34 20 31 22
29 16 39 27 31
23 33 24 30 32
21 35 15 38 20
37 18 21 33 22
29 37 40 22 6
19 18 24 30 22
20 29 18 28 14
36 22 18 29 28
25 18 38 17 31



- Chapter Review Questions

1. What is the definition of muscular strength? What is
the difference between dynamic strength and static
strength? (page 151)

2. How is dynamic strength measured with weight-training
equipment? (pages 153—154)

3. What is muscular endurance? What is the difference
between dynamic endurance and static endurance?

(page 151)

4. How is dynamic muscular endurance measured with
weight-training equipment? (pages 153-154)

. What is the difference between relative and absolute

muscular endurance tests? (page 153)

. What is muscular power? (page 151)

. Why should muscular strength and muscular endurance

be measured in health promotion? (pages 151-152)

. What are your responsibilities after the measurement of

muscular strength and endurance? How do the programs
for development of muscular strength and endurance
differ for children and adults? (page 152)
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Anthropometry and
Body Composition

After completing this chapter, you should be able to

1. Define the terms anthropometry, somatotype, body composition, overfat, obese, and lean

. Describe responsibilities after the measurement of body structure and composition.

. Describe the major characteristics of Sheldon’s classification of body types.

body weight.
nthropometry, the 2. State why body structure and composition should be measured.
measurement of the 3
structure and proportions
of the body, is one of the 4
earliest forms of measure- 5. Correctly interpret height-weight tables.
ment in physical educa- :
tion. It may include mea- BRIsSTy bodyptartics,
surement of height and 7

weight; measurement of weight.
circumferences, diameters,
and lengths of body seg-

ments; and somatotyping
(body typing).

. State the problems associated with the use of height-weight tables to determine desirable

8. Describe eight acceptable sites for skinfold measurements.

9. Perform skinfold measurements, estimate percent body fat, and advise individuals of
optimal percent fat ranges.

Body composition re- 10. Calculate an individual’s desirable body weight on the basis of an acceptable percent

fers to the component parts
of the body. Though there
are many component parts,
for measurement purposes

body fat.

11. Determine body mass index (BMI) and waist-to-hip ratio and advise individuals of BMI
values and waist-to-hip ratios associated with the lowest risk of health problems.

body composition is inter- 12. Contrast the use of skinfold measurements, BMI, waist circumference, and waist-to-hip

preted as referring to body

ratio (i.e., the appropriate use of each).

fat weight and lean body
weight. Because lean body
weight is found by subtracting the weight of body fat from
the total body weight, it is often interpreted as fat-free
weight. Technically, however, it includes a small amount of
essential lipid that is associated with a variety of tissues in
the body, such as the nerve sheaths, the brain, and the cell
membranes. Depending on body size, about 1.5% to 3% of
the weight of the lean body is essential lipids, and 40% to
50% is composed of muscle weight or mass. Organs and tis-
sues, such as skin and bones, make up the remaining portion.

Overfat is indicated when individuals have a higher
percentage of body fat than is desirable. All experts do not
agree on the exact ranges of desirable percent body fat.
Anyone with a body mass index (BMI) between 25 and 29
is considered overfat. Individuals are considered obese
when their percent body fat increases their risk of mortality
and morbidity. Again, not all experts agree on the percent
body fat that classifies an individual as obese. Anyone with
a BMI of 30 or higher is considered obese. Acceptable
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ranges of percent body fat and application of the BMI for
children and adults will be discussed later in the chapter.

Why Measure Body Structure
and Composition?

Research involving somatotyping requires accurate body
type classification, but understanding the concept of soma-
totyping and being able to roughly determine body types
can be of value to coaches, physical education teachers,
and fitness instructors. The values found in most weight
tables are grouped into height and body type categories.
Estimation of desirable weight through a height—weight
table is not ideal, because no estimation of percent body fat
can be made. If this method is used, however, individuals
should realistically determine their body type. In addition,
body type classification may be useful when planning
obtainable fitness goals. For example, individuals with a
thick abdomen, wide hips, heavy buttocks, and short,
heavy legs (endomorphic body type characteristics) usu-
ally do not perform as well on running tests as individuals
with a slender abdomen and hips and lean or muscular legs.
This does not mean that certain individuals are to avoid
running for health benefits, but it does mean that their run-
ning goals should be realistic in terms of their body type.
Height and weight measurements may be recorded for
diagnostic purposes. Great differences exist in the physi-
ological maturity of boys and girls, and not all individu-
als of the same age are expected to have identical heights
and weights. The recording of these variables during the
growing and developing years may serve to prevent the
occurrence of long-term health problems. Young people
who significantly deviate from either height or weight
range, or both, for their ages probably should be observed
to determine that no health problems exist. (This determi-
nation should be done in a way that is not embarrassing to
the individuals.) Height and weight measurements also
may be used for homogeneous grouping of youth for
sports participation. Classification indexes based on
height, weight, and age were developed in the 1930s for
this purpose, but currently, they are not extensively used.
The measurement of body composition is an important
consideration for everyone who promotes good health. It is
estimated that 34% of Americans aged twenty years and
older are obese and more than 60% of this age group are
either overfat or obese. (Some sources estimate an even
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higher percentage for overfat or obese.) This excess fat is
not limited to the adult population. Among children and
teens ages two through nineteen, 16% are obese and 32%
are either overfat or obese. There is a strong correlation
between obesity and increased risk of chronic diseases
such as coronary artery disease, diabetes, hypertension,
hyperlipidemia, and certain cancers. Unless something is
done to aid individuals in the management of their body
fat, there will be an increase in the occurrence of these
health problems.

In an effort to combat overfatness, millions of Americans
undertake weight-loss diets. They fail, however, to under-
stand the difference between the loss of body fat and lean
body weight, and the role of exercise in weight manage-
ment. In addition, they mistakenly use weight as indicated
on scales to determine the success or lack of success of their
diet. Physical educators need to assume a leadership role in
counseling individuals who are attempting to lose weight.
We should be prepared to measure body composition and to
advise individuals how to correctly lose body fat.

Furthermore, some people attempt to lose weight,
though their percent body fat is acceptable. For example,
some athletes, especially amateur wrestlers and gymnasts,
have unrealistic images of what their weight should be,
and they do not realize the implications of changes in their
body composition. Many distance runners also attempt to
get their weight too low, in the belief that their running
times will improve. This problem is not limited to athletes,
however. Other individuals create health problems for
themselves because they have an incorrect perception of a
slender body. Underweight individuals with too little body
fat tend to be malnourished. These individuals are at
greater risk for fluid-electrolyte imbalances, osteoporosis,
bone fractures, muscle atrophy, cardiac arrhythmias, kid-
ney problems, and other health risks. Many of these people
have emotional problems and need professional counseling
to overcome those problems, but possibly some would dis-
continue efforts to lose weight if they understood the rela-
tionship between body fat and good health.

Responsibilities after Measurement

After measuring for body structure and/or composition,
your efforts probably will be focused on working with indi-
viduals who need to reduce their percent body fat. With
children, the support and cooperation of their parents are



essential. The advice and assistance of a nutritionist may
also be necessary. With all individuals, children and adults,
the best approach to reduction of body fat is through a pro-
gram involving increased physical activity and a modest
decrease in caloric intake. Attempts at extreme changes in
physical activity and eating habits often are doomed for
failure. A permanent change in eating behavior is more eas-
ily achieved with only a modest decrease in caloric intake
than with a great decrease in caloric intake. With adults,
when exercise and diet changes are combined, 80% to 95%
of the weight loss is through loss of fat tissue. If weight loss
is accomplished strictly through dieting, 30% to 45% of the
weight reduction is through loss of lean tissue. Unsound
gimmicks or diets should be avoided, and weight reduction
goals should be realistic. Weight reduction should be grad-
ual, with a loss of no more than 1 to 2 pounds/week. For
weight reduction purposes, exercise does not have to be
intense. For example, walking a mile expends almost the
same number of calories as running a mile.

If possible, percent body fat should be monitored dur-
ing weight loss to be sure the body composition is not
being altered in the wrong way. However, just as in weight
reduction, expected changes in percent body fat should be
realistic. A 1% to 2% loss of percent body fat every 6 to 8
weeks is a reasonable goal for most individuals.

I ARE YOU ABLE TO DO THE FOLLOWING?

= Define anthropometry, somatotype, body composition,
overfat, obese, and lean body weight?

= State why body structure and composition should be
measured?

= Describe responsibilities after the measurement of body
structure and composition?

Body Type Classification (Somatotyping)

There are several methods of body type classification,
but the classification described by Sheldon, Stevens, and
Tucker (1970) is the best known. Sheldon’s morphologi-
cal classification includes the ectomorph, the meso-
morph, and the endomorph. An ectomorph is a slender
person with a light frame—the arms and legs are slender
and long, the neck appears long, and muscle tissue has
little definition. A mesomorph is an athletic-looking

individual—the shoulders are broad, the hips are narrow,
and muscle tissue is predominant. An endomorph is a
thick individual—the arms and legs are short compared
with the torso, the chest and waist are about the same
size, and the neck is thick.

Three numbers are used to designate the components
of each of the three types, with 7 as the highest and 1 as
the lowest rating for each. The first number refers to endo-
morphic, the second to mesomorphic, and the third to
ectomorphic characteristics. The rating 7-1-1 designates a
pure endomorph; 1-7-1, a pure mesomorph; and 1-1-7, a
pure ectomorph. Such extreme ratings are rare, however;
usually, at least two components of each type are present
in an individual. A 2-5-4 designation indicates a less than
average number of endomorphic characteristics, a more
than average number of mesomorphic characteristics, and
an average number of ectomorphic characteristics. Sim-
plified modifications of Sheldon’s classification have
been developed, but unless you are involved in research,
rarely will it be necessary for you to use a numbering sys-
tem to designate body types.

By knowing the major characteristics of each body
type, one can estimate the two dominant body types of
each individual and put the estimate to practical use. For
example, a relationship exists between somatotype and
certain sports. A football lineman with a low center of
gravity and wide hips and shoulders has an advantage in
blocking. Football linemen, therefore, usually rate high
on the mesomorph and endomorph scales and low on the
ectomorph scale. On the other hand, individuals who play
center on college or professional basketball teams, as well
as long-distance runners, rate high on the ectomorph
scale. When advising individuals about the relationship of
physical activity and body types, you should emphasize
that training may result in improved performance, but it
will not result in a change of body type.

Height-Weight Tables

Since 1959 many individuals have used the Metropolitan
Life Insurance Company height-weight tables to deter-
mine their desirable weight (see table 14.1). In 1983, the
company released revised tables that were said to repre-
sent the weights associated with the lowest death rates
among approximately 4,200,000 people observed for 22
years (see table 14.2).
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TABLE 14.1 1959 Metropolitan Life Insurance Company Table of Desirable Weights (in Pounds) for Men and Women
of Ages Twenty-Five and Over (Indoor Clothing)

Height

(with Shoes on;

1-in Heels) Small Frame (Ib) Medium Frame (Ib) Large Frame (Ib)

Men
5ft 2 in. 112-120 118-129 126-141
5 ft 3in. 115-123 121-133 129-144
5ft4in. 118-126 124-136 132-148
5 ft5in. 121-129 127-139 135-1562
5 ft 6in. 124-133 130-143 138-156
5ft7in. 128-137 134-147 142-161
5 ft 8in. 132-141 138-152 147-166
5ft 9in. 136-145 142-156 151-170
5ft10in. 140-150 146-160 165-174
5ft11in. 144-154 150-165 1569-179
6 ftOin. 148-158 154-170 164-184
6 ft1in. 1562-162 1568-175 168-189
6 ft 2in. 156-167 162-180 173-194
6 ft 3 in. 160-171 167-185 178-199
6 ft4in. 164-175 172-190 182-204
Women

4t 10in. 92-98 96-107 104-119
411 in. 94-101 98-110 106-122
5ft0in. 96-104 101-113 109-125
5ft 1in. 99-107 104-116 112-128
5ft2in. 102-110 107-119 115-131
5 ft 3in. 105-113 110-122 118-134
5 ft4in. 108-116 113-126 121-138
5ft5in. 111-119 116-130 125-142
5 ft 6in. 114-123 120-135 129-146
5ft7in. 118-127 124-139 133-150
5ft 8in. 122-131 128-143 137-154
5ft 9in. 126-135 132-147 141-158
5ft 10 in. 130-140 136-151 145-163
5ft11in. 134-144 140-155 149-168
6 ft 0 in. 138-148 144-149 153-173

Source of basic data: Society of Actuaries, Build and blood pressure study, New York: Metropolitan Life Insurance Company, 1959.
Note: For those between 18 and 25, subtract 1 pound for each year under 25.
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TABLE 14.2 1983 Metropolitan Height and Weight Tables for Men and Women of Ages Twenty-Five through Fifty-Nine

Height

(with Shoes on;

1-in. Heels) Small Frame (Ib) Medium Frame (Ib) Large Frame (Ib)

Men (Indoor Clothing Weighing 5 Ib)
5ft2in. 128-134 131-141 138-150
5ft3in. 130-136 133-143 140-153
5 ft4in. 132-138 135-145 142-156
5ft5in. 134-140 137-148 144-160
5ft6in. 136-142 139-1561 146-164
5ft7in. 138-145 142-154 149-168
5ft8in. 140-148 145-157 152-172
5ft9in. 142-151 148-160 165-176
5ft10in. 144-154 151-163 158-180
5ft11in. 146-157 154-166 161-184
6 ft0in. 149-160 1567-170 164-188
6 ft1in. 152-164 160-174 168-192
6 ft 2 in. 155-168 164-178 172-197
6 ft 3in. 168-172 167-182 176-202
6 ft4in. 162-176 171-187 181-207
Women (Indoor Clothing Weighing 3 Ib)

4f10in. 102-111 109-121 118-131
4111 in. 103-113 111-123 120-134
5ft0in. 104-115 113-126 122-137
5ft1in. 106-118 115-129 125-140
5ft2in. 108-121 118-132 128-143
5 ft3in. 111-124 121-135 131-147
5ft4in. 114-127 124-138 134-151
5ft5in. 117-130 127-141 137-155
5ft6in. 120-133 130-144 140-159
5ft7in. 123-136 133-147 143-163
5 ft8in. 126-139 136-150 146-167
5ft9in. 129-142 139-153 149-170
5ft10in. 132-145 142-156 162-173
5ft11in. 135-148 145-159 155-176
6 ft0in. 138-151 148-162 158-179

Source of basic data: Society of Actuaries and Association of Life Insurance Medical Directors of America, 1979 build study, New York: Metropolitan Life
Insurance Company, 1980.
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However, when the new tables were released, the
American Heart Association (AHA) encouraged Ameri-
cans to continue to use the 1959 recommendations (see
table 14.1). The AHA took this position because the new
tables list average weight range increases of 13 pounds for
short men and 10 pounds for short women, small
increases for medium-height men and women, and
insignificant increases for tall men and women. The AHA
noted that merely looking at death rates obscured health
risks associated with the increased weights. The AHA also
stated that few health problems are improved by gaining
weight, pointing out that the incidence of heart disease,
high blood pressure, and diabetes increases in relation to
weight gained. Also, the new acceptable weights most
likely are skewed upward by the fact that cigarette smok-
ers, who tend to be thinner than nonsmokers and who die
at significantly younger ages, were not taken into account
in calculating the new tables. Another controversy
occurred in 1990 when the U.S. Departments of Agricul-
ture and Health and Human Services released its booklet
Nutrition and Your Health: Dietary Guidelines for Amer-
icans. The nutritional guidelines provided in this booklet
were endorsed by nutritionists and the medical commu-
nity, but the suggested weights for Americans were not
accepted by all. Many medical personnel believed that the
booklet’s weight chart permitted too much weight gain
during the aging process. The arguments against the chart
were the same as those opposing the 1983 charts of the
Metropolitan Life Insurance Company.

The major problem associated with the use of height—
weight tables is that they reveal nothing about body com-
position. Two individuals may be the same height and
weight but have entirely different body composition. One
individual may be overfat; the other individual may be
very muscular. With this limitation, however, the tables
have value as a screening device. If individuals are more
than 10% below the midpoint of the weight range for their
height and weight, they may be underweight. If individu-
als are more than 10% above the midpoint of the weight
range, they may be overfat. For such individuals, an
appropriate method for determination of body composi-
tion should be performed before any decision is made
about their fatness or leanness.

A major drawback to all height—weight tables is that
some individuals do not correctly determine their frame
size when selecting an appropriate weight range. Many
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small- or medium-framed overfat individuals consider
themselves large-framed and do not realistically examine
their weight problem. On the other hand, some medium- or
large-framed individuals with an acceptable percent body
fat view themselves as small-framed and mistakenly
attempt to lose weight. Determination of body frame is
best performed by trained personnel, but the following
practical methods may be used.

Elbow Breadth

Extend the right arm and bend the forearm upward at a
90° angle. Keep the fingers straight and turn the palm
away from the body. Place the thumb and index finger of
the left hand on the two prominent bones on either side
of the right elbow, and measure the space between the
thumb and index finger of the left hand with a ruler or
tape measure. Record the measurement and compare
with the standards in table 14.3.

Ankle Girth

Pulling the tape as snug as possible, measure the girth of
the right ankle at the smallest point, just above the bony
prominences. Record the measurement and compare with
the standards in table 14.4.

BN ARE YOU ABLE TO DO THE FOLLOWING?

= Describe the major characteristics of Sheldon’s classifi-
cation of body types?

= Correctly interpret height-weight tables and classify
body frames?

= State the problems associated with the use of
height-weight tables to determine desirable weight?

Body Composition

Several methods are available for measurement of body
composition. Some methods are expensive and are limited
to research or medical purposes. Regardless of the method
used, you as the test administrator should be sensitive to
the feelings of the individual being measured. You should
seek to establish a testing environment that will avoid
causing anyone to be uncomfortable or embarrassed.



TABLE 14.3 Standards for Estimating Medium Frame Using Elbow Breadth and Height

Males

Height (inches)* Elbow Breadth** (inches)

Females

Height (inches)* Elbow Breadth** (inches)

61 to 62 2510 274
63 to 66 2% 10 274
67 to 70 2% 10 3

71to 74 2% to 3%
75 and above 27 to 3V

57 to 58 2Vato 25
59 to 62 2Y4to 25
63 to 66 234 10 2%
67 to 70 2% t0 24

71 and above 2Y5 10 2%

*Height without shoes.

**Measurements lower than those listed indicate a small frame, and higher measurements indicate a large frame.
Source of basic data: Society of Actuaries and Association of Life Insurance Medical Directors of America, 1979 build study, New York: Metropolitan Life

Insurance Company, 1980.

TABLE 14.4 Standards for Estimating Body Frame Size from
Ankle Girth (Inches)

Sex Small Medium Large
Male Less than 8 8109.25 More than 9.25
Female Less than 7.5 7.5t08.75 More than 8.75

Source: P. B. Johnson et al., Sport, exercise and you, New York: Holt,
Rinehart & Winston, 1975.

Bioelectrical Impedance Analysis (BIA)

Bioelectrical impedance analysis (BIA), a method that is
popular in health promotion environments, is based on the
difference between the resistance of lean tissue to an elec-
trical current and the resistance of fat tissue. With this
method, electrodes are attached to the body (ankle and
wrist sites), and a tiny electrical current is sent through the
body. Since electrolytes in water are an excellent conduc-
tor of electricity, the amount of water in the body affects
the flow of the current. Lean tissue contains mostly water
(70% or more), whereas fat tissue is less than 20% water.
The less the recorded resistance, the greater is the water
content and hence the greater the lean tissue.

BIA offers a fast, noninvasive technique for body com-
position analysis. The use of BIA instruments does not
require a high degree of technician skill, and the more
recent instruments have approximately the same standard
error for estimating percent body fat as the standard error

for skinfold measurements (about = 3.5%). A major
source of error for BIA is the state of hydration of the
tested person. Conducting a BIA soon after a meal
decreases the resistance and probably will underestimate
the percent body fat. Dehydration, however, increases
resistance and overestimates the percent body fat. Less
expensive BIA instruments, which are handheld or permit
the person to stand on electrode plates, have been devel-
oped for home use.

Air Displacement Plethysmography (BOD POD)

Air displacement plethysmography is a method used in
clinical and laboratory settings to measure body volume
(used to estimate percent body fat). The procedure is based
on the same principle as underwater weighing, but uses air
instead of water. Body volume is determined by comparing
the initial volume of an empty chamber (marketed com-
mercially as BOD POD) and the volume with the person
inside. For the measurement, the individual must wear a
tight-fitting swimsuit. After being weighed on an electronic
scale, the individual sits inside the chamber (figure 14.1)
for 3 to 5 minutes. The individual breathes into an air cir-
cuit to compute pulmonary gas volume, which is used to
determine the correct body volume.

The BOD POD is expensive, but it provides a quick
method to determine percent body fat. Because they fear
immersion, some individuals prefer the BOD POD to
underwater weighing. The BOD POD, developed with
funding provided by the National Institutes of Health
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FIGURE 14.1  Air placement
plethysmography (BOD POD)
testing. (Photo courtesy of Life
Measurement Inc. Used with
permission.)

(NIH), is being used in university laboratories. Some
research found the BOD POD to have a standard error of
less than 2%, but other research has produced mixed results.

Dual-Energy X-Ray Absorptiometry (DXA)

Dual-energy X-ray absorptiometry (DXA) provides esti-
mates of bone mineral, fat, and lean soft-tissue mass.
With DXA, two distinct low-energy X-ray beams (with
low radiation) penetrate bone and soft-tissue areas. For
the procedure, the individual lies supine on a table while
detector probes pass slowly across the body. The entire
scan takes approximately 12 minutes. Computer software
produces an image and estimates of bone mineral content,
fat tissue, and lean soft tissue. Analysis also includes
selected trunk and limb regions for tissue composition.
Although it is an expensive procedure, research has
shown DXA to have a degree of agreement with under-
water weighing in the estimate of percent body fat.
Because DXA is fast, safe, and noninvasive, its use in the
laboratory setting is increasing.
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Underwater Weighing

Underwater weighing, illustrated in figure 14.2, is the
most popular laboratory method to estimate percent body
fat. With a standard error of estimate of =0.8 to =1.2%,
it is considered a very valid method. The objective of
underwater weighing, also called hydrostatic weighing, is
to determine body volume, which is then used to calculate
body density. This method is based on the Archimedes
principle for measuring the density of a body. According
to the Archimedes principle, when a body (person) is sub-
merged under water, the weight a body loses underwater
equals the weight of the water it displaces. That is,

weight of the water displaced
= weight of body in air
— weight of body under water

The weight of the water displaced divided by the den-
sity of the water equals the volume of the water, and the
volume of the water equals the volume of the body sub-
merged. For individuals, this volume is referred to as body
volume. The density of the water, determined with the



FIGURE 142 Underwater weighing technique. (Photograph
provided by Richard G. Israel, Human Performance/Clinical
Research Lab, Department of Health and Exercise, Colorado
State University.)

appropriate formula, is a function of its temperature.
Before determining body density, residual lung volume
(the amount of air remaining in the lungs after maximal
exhalation) also must be measured. With body volume,
water density, and residual lung volume determined, the
appropriate mathematical equation is then used to calculate
body density. After body density is calculated, another
equation is used to estimate the percentage of body fat.
Lean tissue (bone and muscle) has a greater density than fat
tissue. Thus, the higher an individual’s body density, the
lower the person’s percentage of body fat.

Obviously, the estimation of body fat through under-
water weighing is costly and requires more time and
trained personnel than other methods. Additionally, some
individuals fear total immersion in the water, and it is not
an acceptable method for individuals with certain medical
conditions.

Skinfold Tests

The measurement of body composition may also be done
through the measurement of subcutaneous body fat with
skinfold calipers. The use of a skinfold caliper involves
pinching a fold away from the underlying muscle and
applying the caliper to the fold. All measurements are
taken on the right side of the body, and they should not be
taken immediately after exercise because the shift of body
fluid to the skin will increase the skinfold size. The direc-
tions for skinfold testing are as follows:

1. Grasp the skinfold firmly between the thumb and
index finger about 5 inch from the site at which the
caliper is to be applied. Since the thickness of the
fold reflects the percentage of body fat, it should be
great enough to include two thicknesses of skin with
intervening fat, but it should not include muscle or
fascia. The test administrator may ask the subject to
tense the underlying muscles to determine if muscle
tissue is included in the fold.

2. While continuing to hold the fold, apply the caliper to
the fold above or below the finger and slowly release
the caliper grip so that full tension is exerted on the
fold. The measurement is read to the nearest 0.5 mil-
limeter about 1 to 2 seconds after the grip is released.

3. Take a minimum of two measurements at each site,
and if they vary by more than 1 millimeter, take a third
measurement. Instructions for specific tests and/or type
of skinfold caliper used sometimes differ in this step.
For example, one test procedure may use the median
score of three measurements, while another test may
require that two consecutive measurements agree
within 0.5 millimeters or less. Another test procedure
may require that site measurements not vary from each
other by more than *10%. It is best to follow the
instructions of the skinfold caliper and test procedure
being administered. Take the measurements in rota-
tional order (circuits) rather than taking consecutive
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readings at each site. Sometimes consecutive readings
at the same site are smaller because of the compression
of fat.

Skinfold measurements may be taken in several places,
eight of which are described here. To ensure accuracy and
consistency, you can mark the sites with a grease pencil.
Figures 14.3 through 14.10 show the measurement sites.

1. Chest: a diagonal fold half the distance between the
anterior axillary line and nipple for males; one-third
of the distance between the anterior axillary line and
nipple for females.

2. Axilla: a vertical fold on the midaxillary line at the
level of the xiphoid process of the sternum.

3. Triceps: a vertical fold over the triceps muscle,
halfway between the acromion and olecranon
processes (arm should be extended and relaxed).

4. Subscapula: a diagonal fold parallel to the axillary
border at the inferior angle of the scapula.

. . . . FIGURE 144 Caliper placement for axilla skinfold
5. Abdominal: a vertical fold approximately ) to 1 inch measurement.

to the right of the navel.

S

Suprailium: a slightly diagonal fold on the crest of
the ilium at the anterior axillary line.

FIGURE 14.3 Caliper placement for chest skinfold FIGURE 145 Caliper placement for triceps skinfold
measurement. measurement.
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FIGURE 14.10 Caliper placement for calf skinfold
measurement.

7. Thigh: a vertical fold on the anterior right thigh mid-
way between the hip and knee joints (weight should
be on left foot).

8. Calf: a vertical fold on the inside of the calf; right
foot is placed flat on bench with knee flexed to 90°;
vertical fold of skin is grasped just above the largest
part of calf girth, and fold of skin is measured at the
largest part of girth.

Skinfold measurements have a standard error of 3.5 to
4% and rarely are performed outside the laboratory set-
ting for two reasons: the expense of the skinfold calipers
and the lack of confidence in the reliability of the mea-
surements. A study by Lohman and Pollock (1981) con-
cluded that less expensive calipers may be suitable for a
mass testing setting, if the test administrator is well
trained. Differences between the scores of experienced
and inexperienced testers occurred less often when an
expensive metal caliper was used. However, Lohman and
Pollack also found that when inexperienced testers were
trained, similar scores were obtained when using a plastic
caliper with a spring and a caliper with a uniform tension
independent of skinfold thickness. The major requirement
for a skinfold caliper is that it exert a constant force of
10 g/mm? at the skinfold site, regardless of the skinfold
thickness. Inexpensive calipers are capable of exerting
this force if the springs in them are not weakened.

Skinfold measurements can be reliable if testers are
willing to practice performing the measurements. Consis-
tency of measurement is obtained only through practice.
Testers who are willing to measure many individuals can
develop the skill to perform skinfold measurements with
accuracy and consistency. You should seek to develop
this skill.

Estimating Percent Body Fat

Many regression equations with functions to predict hydro-
statically measured body density from skinfold measure-
ments have been published. These equations are termed
population-specific or generalized. Population-specific

++ + POINT OF 201V S NI

= To estimate body composition, the body is divided into a fat component and a fat-free
body component (lean body weight). Body density is measured to determine these
components. Because of the relative proportion of water and mineral found in the fat-
free body component, fat-free body density varies with age, gender, ethnicity, level of
body fatness, and physical activity level. For example, in comparison to mature youth
and young adults, children have a lower fat-free body density because they have a
relatively lower mineral content and higher body water values. The same is generally
true for older individuals because of their lower body mineral content. Tables 14.5
through 14.8 account for the difference in fat-free body density. You will note that for
equal sum of skinfolds, the percent fat estimate increases as the age increases.
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equations were developed from homogeneous samples,
meaning their application is limited to a similar sample
(age and gender, for instance). Generalized equations that
can be used with samples varying in age and body fatness
have been developed to eliminate that problem. The gener-
alized equations were based on large heterogeneous sam-
ples. Regression models that account for age and the
nonlinear relationship between skinfold fat and body den-
sity were then developed. The generalized approach makes
it possible to use one equation rather than several, without
a loss in prediction accuracy.

Computer and microcomputer programs are available,
or may be developed, to determine body density and per-
cent body fat after the skinfold measurements have been
completed. However, computer-generated tables that pro-
vide percent body fat estimates have been developed,
eliminating the need for calculations by the test adminis-
trator. Values published by Jackson and Pollock (1985) are
presented in tables 14.5 through 14.8. Jackson and Pollock
found that two different sums of three skinfolds for males
and females were highly correlated with the sum of seven
of the skinfolds previously described. For males, chest,
abdomen, and thigh skinfolds were used, and for females,
triceps, suprailium, and thigh skinfolds were used. The
researchers also found that the sums of triceps, chest, and
subscapular skinfolds for males and triceps, abdomen, and
suprailium for females were similarly accurate. The test
administrator has the option of using either combination,
but the latter skinfolds may be more practical.

BN ARE YOU ABLE TO DO THE FOLLOWING?
= List and describe eight sites for skinfold measurements?

»  Perform skinfold measurements, estimate percent body
fat, and advise individuals of optimal percent fat ranges?

Optimal Percent Body Fat
and Desirable Body Weight

Health-related physical fitness tests, which include a body
composition component, are included in chapter 15. Health
standards for percent fat or sum of skinfold measurements
for children and youth are provided with the tests; some tests
include standards for adults. Though skinfolds are related to
body fatness in children, the absolute amount of body fat

cannot be accurately determined. The relation of skinfold fat
to body fatness differs by sex and also changes as children
mature. Therefore, a given skinfold thickness does not cor-
respond to the same body fat content for seven-year-olds as
it does for seventeen-year-olds.

What is a desirable percent fat for children and adults?
As stated previously, being overfat, and certainly being
obese, increases your risk of health problems. On the other
hand, the loss of too much body fat may affect your health.
Different optimal limits of percent body fat have been
reported, but it is difficult to compare standards because
studies do not always group age ranges in the same way.
The FITNESSGRAM (Cooper Institute for Aerobics
Research 1999), described in chapter 15, reports the opti-
mal range of body fatness for males and females, ages five
to twenty-five, as 10% to 20% and 15% to 25%, respec-
tively. For children above the age of twelve years, the FIT-
NESSGRAM considers males with less than 8% and
females with less than 13% fat to be very lean, and being
this lean may not be best for health. The YMCA Physical
Fitness Test (Golding, Myers, and Sinning 1989), also
described in chapter 15, reports the “good” standard for
percent fat for males, ages twenty-six to thirty-five, as
13% to 15%. For females of the same age group the range
is 19% to 21%. Ross and Jackson (1990) report that for the
age group thirty to thirty-nine, the optimal range for per-
cent fat is 12% to 22% for males and 16% to 26% for
females. T. G. Lohman (1982) reports that a 10% to 22%
fat content in men and a 20% to 32% fat content in women
seems satisfactory. For the nonathlete, the percent body fat
probably should be no lower than between 5% and 10%
for males and between 15% and 18% for females.

In some sports, a low percent body fat is desirable. The
average percent body fat for highly trained male endurance
athletes (e.g., distance runners) is 4% to 10%. For highly
trained female endurance athletes, it is 13% to 18%. The
recommended minimal percent fat for male athletes is 3%
to 7%, and for female athletes it is 10% to 18%.

Although they are not the same, the optimal percent
body fat ranges for the tests reported in chapter 15 are
considered acceptable by h