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Preface 

Evaluation is an important and necessary function of all teachers. 
The teacher is charged with the responsibility of evaluating students, 
the curriculum, and teaching methods. Tests play a vital role in this 
process. The teacher of physical education is faced with many 
problems common to any teacher, as well as with some problems 
which are unique to this field. 

This book includes much of the conventional material, such as the 
place of testing in physical education, selection, construction, and 
administration of written, performance, and fitness tests, as well as 
some elementary statistics which are important in the evaluation and 
interpretation of students , scores. The unique features of the book 
include its flexibility, the introduction of nonparametric statistics, a 
section on subjective evaluation, and a theoretical model for physical 
performance and fitness. 

Nonparametric statistics are included because we believe they are 
more practical for application by the public school teacher. This is 
true mainly because they do not demand as strict adherence to the 
theoretical assumptions underlying parametric statistical techniques. 
They are also easier to use (without the necessity of computer or 
calculator) and are easier to teach to students who may lack a good 
background in mathematics. 

The inclusion of a section on subjective evaluation should be of 
value to all teachers in the field since much of our evaluation is 
subjective in nature. It is an attempt at resolving such problems as 
how to evaluate movements which take short periods of time. The 
physical educator must be able to make subjective judgments sys-
tematically according to a predetermined objective scheme. 

A third feature of the book is the presentation of a model for 
physical performance and fitness. The content of the model is not as 
important as the hierarchical concept that will allow students to place 
different components of performance and fitness into perspective. 

Although this book was written primarily for students just be-
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ginning their study of evaluating performance, there is a flexibility 
which allows it to be adapted for more advanced students. The 
potential flexibility can be seen in Chapters 5 and 6 (Interpretation 
of Test Scores and Optional Supplement to Interpretation of Test 
Scores) in which both the simpler (nonparametric) and more complex 
(parametric) statistical procedures are included. The statistical 
procedures that would be most appropriate for the background and 
interests of a particular class can be chosen. The major source of 
flexibility for the other portions of the book will be in the use made of 
the problems at the end of each chapter. 

Many have assisted us directly and indirectly in this endeavor. 
Although they did not collaborate with us directly, we were certainly 
influenced by the teaching and ideas of such men as T. K. Cureton, 
A. W. Hubbard, and G. C. Moore. More directly, we appreciate the 
initial involvement and continual encouragement of our good friend 
Earle Zeigler. The typing of Mrs. Doreen Knight and Mrs. Lillian 
Simkins was indispensable. The general support from department 
heads, such as Rollin Wright and Joe Oxendine, helped in numerous 
ways. Finally, reading and commenting on the manuscript by various 
students, such as Mrs. Janet (Vanourek) Taylor, helped us get a feel 
for student reaction to the material presented in this form. We extend 
our sincere thanks to all involved. 

Don Franks 
Helga Deutsch 



To the Instructor 

There is no one "correct" way to use this book or teach a course in 
evaluating performance through testing in physical education. The 
interests, background, and your judgment concerning the needs of 
the students and the resultant objectives (and their relative impor-
tance) will, of course, determine the usefulness of particular portions 
of this book. We did think, however, that it would be beneficial to 
share some of our thoughts on how this book might best be used in 
such a course. These suggestions are obviously that—suggestions to 
be used, adapted, or disregarded as you attempt to provide the best 
possible experiences for your class. 

Class Project(s) 

We have included a few problems at the end of each chapter. In 
order for the material to have relevance, it should be adapted to 
the present and future needs (situation) of the student. These prob-
lems can be used for "laboratory" sessions, separate independent 
projects, as a part of a larger term project, or as a basis for further 
class discussion. Below are some further suggestions concerning the 
scope and evaluation of these problems. 

ASSISTANCE WITH PROBLEMS 

Chapter 1 

PROBLEM: To differentiate between test and measurement and 
then to suggest ways in which evaluation might be used in terms of 
student performance, curriculum planning, guiding students, public 
relations, motivation, and research. We suggested that the student 
do this with a test taken in a physical education class. You may want 
to assign a particular test to be analyzed in this way, or, if practice 
teaching, the student might want to use a test that is being used in 
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this situation. The first part of the problem is simply to determine if 
the difference between the tool (test) and the act of getting scores 
using the test (measurement) is understood. The second part of the 
problem is aimed at developing an approach to evaluation which will 
permeate the entire course. Emphasis on the "why" of evaluation 
(how it can be used) rather than the "how to do" can aid in making 
this course relevant. 
Chapter 2 

PROBLEM: To select a test to measure a specific objective in a 
particular physical education class and to justify the selection. The 
problem should be evaluated in terms of the procedure used to make 
the selection rather than an agreement with the actual selection. If 
the purpose of the problem is simply to select a test, then the teacher 
might want to arbitrarily assign a specific class and objective to be 
tested. If the students are practice teaching at the same time, the 
teacher may ask them to use one of the units in one of the classes in 
which they are involved. A third alternative is to have this problem 
as a part of a larger term project in which students select a class, 
determine objectives, tests, and develop a grading plan. 

In any case, the students should cover the following points in their 
justification of selection of a test: 

1. Validity: through expert opinion and use and strong relation-
ship to criterion measure; also, are the responses characteristic of 
what is expected. 

2. Reliability: through high correlation between test and retest 
and little systematic shift as a result of retest. 

3. Objectivity: through close agreement with different scorers. 
4. Applicability: through evidence that it can be used with the 

particular sex and age group involved. 
5. Standardization: through instructions for pre-test, adminis-

tration, and scoring of test. 
6. Practicality: must meet limitations of cost and time. 

Chapter 3 

PROBLEM: To make detailed plans for administration of a test 
to a particular class. Our suggestion would be to have the students 
use the same test they selected in Chapter 2. One option available for 
discussion of this problem would be to have one student test the 
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entire class and then have the class discuss ways the test administra-
tion could have been improved. Another possibility would be to 
divide the class into several small groups and have a student in each 
group administer a test. The small groups would then discuss it and 
report back to the group as a whole. A reporter for each small group 
would be chosen in advance. 
Chapter 4 

PROBLEM 1 : Evaluate a performance of a simple skill. Select a 
"simple" skill such as a forward roll. Analyze the factors which are 
most important in the proper execution of the skill. It would be 
advantageous to record the performance on tape or loop film of 4 or 5 
subjects of varying skill which can be reviewed as often as desired by 
your students. Hand out a rating sheet to each student and carefully 
discuss how it is to be used. Have some students present a justification 
for their evaluation. 

PROBLEM 2 : Rate a team during game play. Have the students 
rate a team during game play using a rating form developed by you 
and a rating form which they themselves have developed. Again, it 
would be advantageous if the game could be taped so that grades 
could be reviewed and justified by the students. Also discuss the 
student-developed rating forms in terms of simplicity, logicality, 
clarity, ease of recording, and pertinent points to be evaluated. 

PROBLEM 3 : Develop a rating scale for a skill or routine. Have 
the class discuss the rating form itself as well as any difficulties 
encountered in the evaluation period. 

Chapters 5 and 6 

PROBLEM 1 : Weigh each class member. Check pre-test instruc-
tions (food, water, etc.); wearing apparel; posture on scales; number 
of trials; etc. 

PROBLEM 2: Select a sample from the class representative of 
different weights. Divide the class into three or four groups and 
select a random sample from each group (if groups are unequal, 
proportional numbers from each group should be chosen for sample). 

PROBLEM 3 : Determine the median and percentile scores for the 
entire class and for the sample. How well does the sample represent 
the class? Point out that the sample is an estimate and that differ-
ences for different samples will exist. 
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PROBLEM 4: Determine reliability of the sample. Check both 
for relative position (correlation) and systematic change (Wilcoxon 
test for paired groups). Discuss possible causes of inconsistency. 

PROBLEM 5: Measure the height of the sample. What is the 
relationship between height and weight? Point out that correlation 
differs for different groups. 

PROBLEM 6: Divide the class in half according to height. Take a 
random sample from each half. On the basis of these samples, what is 
the difference in body weight for persons of different height? Use the 
Mann-Whitney U test; discuss significance level, what it means, etc. 

Chapter 7 

PROBLEM: Establish a specific grading plan for a physical 
education class. This plan should be evaluated in terms of complete-
ness and consistency. The students should be encouraged to develop 
plans consistent with their own grading principles (e.g., a student 
may believe that grading should be based on improvement and thus 
should be evaluated on the basis of his ability to set up a grading 
plan to do that). Some of the items necessary for developing a grading 
plan are (1) selection of a particular class; (2) specific objectives for 
the class and their relative importance; (3) specific content of the 
class; (4) tests to be used to measure the attainment of the objectives; 
(5) standards to be used for the grading plan (perhaps in a point or 
percent breakdown). 

If the sole purpose of the problem for the class is the grading plan, 
the teacher may want to arbitrarily assign items 1-3. The class could 
answer item 4 as part of their assignment for Chapter 2 and item 5 
for this chapter. If the students are involved in practice teaching at 
the same time, the teacher may ask them to use one of the specific 
classes in which they are involved. A third alternative is to select this 
problem as a larger term project and have the student do all the 
items. A final suggestion would be to ask the class to do this problem 
in terms of a test and measurement class. 

Chapter 8 

PROBLEM 1: Divide one of the four major components of per-
formance and fitness into different subdivisions. The main criteria 
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for evaluating this chore (and problem 4) are completeness and 
logical groupings; there is no one "correct" answer. 

PROBLEM 2: Select, or develop, a test for one level of one of the 
components of performance and fitness. This could be used to help a 
beginning class become more familiar with the literature by having 
them "select" a test. The development of a test might be a good 
project for an advanced class. In either case, they should refer back 
to Chapter 2. 

PROBLEM 3: Analyze several "fitness tests" to determine what 
levels of what components are tested. The teacher might want to 
select some tests, articles, or books for a beginning class. It might 
remain open for an advanced class. 

PROBLEM 4 : Using a hierarchical model similiar to the one in this 
chapter, develop your own content for physical performance and 
fitness. An alternate problem would be to compare models developed 
by other people (such as Astrand, Cureton, deVries, Falls, and 
Fleishman). 

Chapter 9 

PROBLEM 1 : Have the students formulate one question for each 
form described. Student questions should be evaluated in terms of 
the following points : 

1. What is the purpose of the question? What is being asked? 
2. Is the question clear or ambiguous? 
3. Is it simply stated with no superfluous wording? 
4. Is textbook language avoided? 
5. Are the foils plausible? 

PROBLEM 2: Have the students develop, administer, analyze, 
and interpret the test results and analysis. When evaluating the test 
as a Avhole take the following into account : 

1. Are the directions clear? 
2. Do the directions include all pertinent information? 
3. Is the item analysis properly interpreted? 

An alternative exercise would be to have the students select one 
area and formulate a question of each type for that area. 
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Chapter 10 

PROBLEM : How does one answer an important question in our 
field? Again there is no one correct answer. The attention given to the 
selection (or construction) of valid tests and the mode chosen to 
answer the question are the major factors to be considered in evalua-
tion. In general, this problem is designed to initiate the students' 
thinking about "next steps." It should provide an opportunity for 
the instructor to discuss this book and course in terms of the students' 
present situation and future plans. 

Statistical Procedures 

We share the concern of many students and instructors that an 
adequate study of statistical procedures in test and measurement 
classes is almost impossible because of the limited time available for 
this unit, the lack of mathematical background of some of the stu-
dents, and the amount of information and calculating skill necessary 
to solve even some of the simpler procedures (such a$ r and t). It 
has proved difficult to help students get beyond the details of the 
computation to see the overview and the reasons for the procedures. 

We believe that the use of nonparametric statistical procedures will 
greatly assist you in helping the student learn more about the "why" 
of statistical procedures. The calculations involved in these procedures 
are so much easier to use and understand that it will free you to spend 
more time on the uses of the procedures. Thus we recommend that 
most classes use only Chapter 5 (nonparametric statistical pro-
cedures). In the discussion of the nonparametric procedures, it would 
be useful to mention the parametric counterpart (Chapter 6) since 
the students will encounter these procedures in much of the literature. 
However, it is not necessary or even desirable to use both chapters in 
detail. For example, when discussing the Mann-Whitney U test for 
determining the difference between two independent groups, it should 
be pointed out that this test achieves the same thing the t test does 
for difference between independent groups. The class should work the 
example only using the Mann-Whitney U test and skip the computa-
tion of the t test. Although you may not be as familiar with these 
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nonparametric procedures and feel more comfortable with the 
parametric tests, we strongly encourage you to try the nonparametric 
procedures. If you would like an additional reference to use with this 
portion, we would recommend Siegel (see Chapter 5 for full reference). 

The parametric procedures are included in Chapter 6 not only for 
comparative purposes but also for use with advanced classes (com-
prised of students who have had previous test and measurement class, 
a prior unit on statistical procedures, good math background, can use 
calculators, etc.) for which these may be more appropriate. In these 
cases, the emphasis should be placed on Chapter 6, with Chapter 5 
used for review and comparative purposes. 

Subjective Evaluation 

The impression is sometimes given that unless something is meas-
ured in thousandths of a second or millimeter we have not really 
evaluated it. Few really important decisions (whether by teachers, 
coaches, executives, statesmen, or anyone else) are made purely on 
the basis of objective evidence. We certainly do not make our personal 
decisions on this basis. It behooves us therefore to learn how to 
systematically observe performances so that we can attain that 
"objective subjectivity" in our evaluations. Let's not apologize for 
subjective evaluations, but realize that they are necessary in many 
cases. If we do them well, our overall evaluation is strengthened by 
the inclusion of elements that can only be evaluated subjectively. 

Physical Performance and Fitness 

This chapter may well be the most exciting and disappointing one 
in the book. It is our hope that this chapter will allow students to 
understand (put into perspective) the maze of information about 
performance and fitness ; that they will be able to understand that both 
the "general motor ability' ' and "specificity of motor skills" pro-
ponents have something to say; that there are some large general 
components in that human abilities are related to each other and that 
there are unique characteristics in the most minute portions of skills 
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and/or the human body. In addition, we hope that students will be 
better able to sort out the literature and realize that findings in one 
component at one level apply only to that level of that component. 
And we hope that students will be able to make more intelligent 
decisions concerning the area(s) they want to emphasize in their 
professional lives. 

This will be a disappointing chapter if one expects to find a listing 
of specific tests. We purposely avoided doing that because we believe 
the first priority is to gain an overall perspective of this area. We 
believe that the inclusion of specific tests prior to that understanding 
\vould hinder this goal (just as we believe the inclusion of complex 
statistical procedures has hindered the overview of the reasons for 
statistical procedures). This does not mean that the selection and (or) 
construction of specific tests for specific levels of particular com-
ponents are not important, but we believe that this selection and 
construction can be done better after an understanding of Chapters 
2-8, rather than as a part of them. This is obviously a good topic for 
projects, as has been suggested after Chapter 8. (See also Appendix 
D.) 

Conclusion 

The final chapter is an attempt to put the content of this book into 
a broader perspective. It is an effort to say, "this is only the be-
ginning." Our hope is that it is the kind of beginning that will provide 
the interest and some of the tools for going further. 

One textbook cannot completely fulfill the interests and purposes 
of a specific class. It is expected that you will want to supplement this 
book with articles and other books to enrich the experiences of the 
students in your class. 
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Words such as tests, measurements, and evaluation are so emotion-
laden that to many of us they conjure up the same symptoms that we 
encounter when we visit the doctor or dentist. Students of all ages 
may find that they experience butterflies and general nervousness. 
Unfortunately, tests are viewed by many as never-ending barriers 
that must be surmounted before our life's work can be undertaken. 
These reactions are often understandable because the area of tests, 
measurements, and evaluation is often misunderstood and therefore 
misused by many teachers. An understanding of this vital area of 
the teaching-learning process as well as student empathy will help 
the teacher place testing in its proper perspective. Two questions 
provide an appropriate beginning for this understanding: 

1. What terms are used to differentiate the tools used, the act of using the 
tools, and the interpretation and use of the process? 

2. In what ways does evaluation assist the teacher? 

Definition of Terms 

Although the.terms test, measurement, and evaluation are often 
used interchangeably, technically they have precise meanings with 
definitely different nuances. The 1968 edition of The Random House 
Dictionary College Edition defined these words as follows: 

Test—the means by which the presence (or) quality·· «of anything is 
determined. 
Measurement—the act of ascertaining the extent·· »of something. (Note: 
composite of definitions of measurement and to measure.) 
Evaluation—to determine or set the value or amount of; to appraise. 

The vertical jump, then, is a tool (test) which takes meaning as the 
teacher or student measures the jump. Evaluation occurs when the re-
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suits are compared or used in relation to predetermined criteria. 
Evaluation occurs when a student's score is interpreted by compari-
son with class or nationwide norms or with a previously stated ob-
jective. 

The Role of Evaluation 

When we profess to become teachers, we also accept the responsi-
bility for making judgments. We must assess, fortunately or un-
fortunately, our students, which in many instances will have implica-
tions for their future. This weighty responsibility—judging people— 
must be accomplished objectively and judiciously. 

From the definition of terms, the first step in evaluation is to deter-
mine clearly the objective of the course and/or the program. These ob-
jectives will reflect the desires of the institution (grade level or school) 
as well as the teacher's own philosophy. Once these objectives have 
been established and are clearly understood by students, parents, and 
administration, the guidelines for evaluation (grades) will have been 
accepted. 

However, the purpose of tests and measurements is much broader 
than grading. Besides being administered to assess student performance 
and/or progress, test scores also give the teacher insight into the 
validity of his methods. If the majority of students in a class do poorly 
on a certain question or topic, the teacher knows that something went 
awry between the presentation and reception (teacher-student) of 
the information. Therefore, in addition to realizing that review of the 
material is necessary, the teacher should reflect and correct the 
methods used in presenting this aspect. 

Judicious use and interpretation of test scores can be an advan-
tageous tool in curriculum planning. A simple example of how test 
scores may be used in this area follows. A community has just begun 
to sponsor a swimming program for all youngsters. On testing in the 
physical education swimming classes, instructors find a definite in-
crease in the number of students who have acquired the basic skills. 
If this trend continues, the school may reduce the number of begin-
ning classes offered and replace them with advanced or specialized 
swimming classes. In keeping attuned to students' needs as reflected 
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in test results, a teacher can provide more meaningful experiences to 
his students. 

One of the physical educators greatest problems is class size. Al-
though improvements have been made in this area, the ideal of 
individual instruction will rarely if ever be possible in public schools; 
therefore this problem will always exist. Tests and measurements can 
assist the teacher with this problem by giving him an objective meas-
ure for guiding students. With information obtained from tests, he 
can group his students homogeneously. This will enable the teacher to 
work with each individual (group) according to ability. In so doing, 
the teacher will no longer have to gear the work for one level and hope 
that the other children or adolescents will catch up or advance on 
their own but can work with each group in turn either in separate 
classes or within the same class. 

Discovering students' strengths and weaknesses through testing 
and then recommending ways for enhancing and/or improving each 
is another phase of the guidance function of testing. Since ramifica-
tions in concrete terms are more readily understood by students, 
parents, and administrators, the public relations aspect, which is im-
portant for teachers, the program, and the school, is also positively 
affected through a carefully developed testing program. A valuable 
by-product in the determination of strengths and weaknesses might 
be in the development of a proficiency program which would have 
tremendous influence in allowing the student to progress at his own 
rate as well as offering him the most well-rounded, meaningful ex-
periences possible. 

Another aspect in which tests and measurements can make a valu-
able contribution is motivation. Two techniques predominate. 

1. Self-testing. This occurs when the student competes against 
himself by observing the progress of his own scores on a test. Charts 
may be kept denoting weekly, monthly, or yearly progress. Many 
"formal" tests become self-testing activities with slight modifications 
such as a chalk line rather than having to measure each jump. Stu-
dents of all ages are responsive to the immediate feedback which 
they receive in events such as jumping and throwing. 

2. Competition. Posting norms, be they class or national norms, 
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allows the student to ascertain exactly wrhere he stands and offers him 
guidelines for establishing realistic goals. This technique, although 
extremely valuable, must be used with caution. Although we live in a 
competitive wrorld, undue stress of competition in class may frustrate 
students and therefore work negatively in motivating a student to 
improve. 

Tests and measurements are also a vital tool in practically every 
type of research. It is one of the primary means for collecting data. 
Therefore it is imperative that all physical educators have training in 
this area, since it is through research that knowledge is enhanced and 
teaching is upgraded, resulting in improved experiences for the 
students. 

In this instance research is used in its broadest sense. It refers not 
only to the work done in laboratories but also to the systematic in-
vestigations made by all teachers in the field. Many examples have 
already been cited under categories such as guidance and curriculum 
planning. 

Summary 

Tests and measurements are tools that can be used for evaluation, 
guidance, curriculum planning, public relations, motivation, and re-
search. Therefore, the teacher may be prone to overuse this tool or 
may be so overwhelmed as to avoid it completely. Either choice is 
poor, since the role of the teacher is to provide meaningful experi-
ences for pupils in order for them to learn about themselves and their 
environment. To use this technique to greatest advantage, 10 to 15% 
of the total class time could be spent in some kind of measurement. 

The use of tests and measurements is limited only by the teacher's 
imagination. Its value, however, depends on judicious application. 

Problems 

Choose a test given to you in a physical education class. 
1. What is the test? 
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2. What is the measurement? 
3. How could an evaluation of that test be used in terms of 

A. Student performance 
B. Curriculum planning 
C. Student guidance 
D. Public relations for the class and/or program 
E. Motivation of the students 
F. Research associated with the class 

References 

Barrow, H. M., and McGee, R. A practical approach to measurement in physical 
education. Philadelphia: Lea and Febiger, 1964. 

Grounlund, N. E. Measurement and evaluation in teaching. New York: Macmillan, 
1965. 

Scott, M. G., and French, E. Measurement and evaluation in physical education. 
Dubuque, Iowa: W. C. Brown Co., 1959. 

Smithells, P. A. and Cameron, P. E. Principles of evaluation in physical education. 
New York: Harper, 1962. 



CHAPTER 2 

Test Evaluation 

Selection Construction 

Accurate? Consistent? Practical? 
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The selection of good tests is essential for all persons in physical 
education. Evaluation and research can be no better than the tests 
used. Appropriate testing tools are, therefore, a prerequisite for evalu-
ation of the pupil, the teacher, and the program. 

Criteria for Test Selection 

The following questions are important ones to consider in the selec-
tion of a test. 

1. How well does the test measure what it is purported to measure? 
2. How consistent will the results be under the same conditions at different 

time intervals (for example, one minute, one week, one year later)? 
3. How consistent will the test results be for different testers? 
4. How appropriate is the test for your particular purpose and group? 
5. What other things would change a person's score (time of day, time since 

last meal or physical activity, temperature, humidity, condition of floor 
or field, etc.)? 

6. How much does it cost in terms of time, space, equipment, and staff? 
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RELATIVE QUESTIONS 

These questions are the degree to which a test will satisfy a particu-
lar criterion, since they cannot be answered in an absolute sense with 
yes or no. The question is not, Is the test consistent, but rather, How 
much fluctuation can we normally expect in using the test? It is im-
portant to know whether the normal fluctuation of a test is 2%, 10%, 
or 50% before using the test. From among less than perfect tests, one 
must choose the test that more nearly meets the criteria. 

Test Construction 

The test constructor has an obligation to provide answers to the 
above questions. These questions can be answered by establishing the 
degree of validity (question 1), reliability (question 2), and objectivity 
(question 3), and by obtaining information concerning different groups 
(question 4), standardized instructions (question 5), and practical 
considerations of cost and time (question 6). 

Validity 

Validity is the ability to determine how well a test measures what 
it is supposed to measure. It is important, since invalid tests are ir-
relevant to the testers intentions. Even if a test could meet the other 
criteria (was consistent, could be used with a particular group, was 
standardized, was objective, was easily administered, etc.), it would 
not be useful unless it measured the characteristic the tester wanted 
to measure. To exaggerate and make the point, one might be able to 
measure height consistently, objectively, with any age group or sex, 
in a standardized way, with little equipment, and in a short period of 
time; however, it would not yield much information in the evaluation 
of a pupiFs cardiovascular fitness. I t would be helpful only if one were 
interested in the pupiPs height. 

There are three types of validity: (1) Do experts believe the test to 
be valid? (2) Does it compare favorably with valid tests of the 
same thing (and/or does it differentiate among groups differing on this 
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trait)? (3) Does the test respond as a measure of this characteristic 
could be predicted to respond in different situations? 

EXPERTS' OPINION 

This type of validity is only as good as the logic and quality of the 
experts making the judgment. Persons who understand the trait to be 
measured give their opinion concerning whether or not a particular 
test will measure that trait. Favorable opinions concerning a test from 
knowledgeable persons can be viewed as one form of validity for a 
test. 

RELATION TO VALID TEST 

The second type of validity depends on having an accepted test of 
the same characteristic (criterion test). If a valid criterion test is 
available, then the new test can be compared with it to determine the 
degree to which they measure the same thing. If a good criterion exists, 
the primary purpose for developing a new test would be for wider 
application, usually because of practical considerations such as time 
and cost. 

Criterion groups can be used to validate a test in much the same 
manner as criterion tests. If there are groups that differ on the charac-
teristic being measured, then the degree to which the test can dif-
ferentiate among the groups supports its validity. 

RELATION TO THEORY 

The third type of validity can never be completely established. I t 
is based on a sound theory about the characteristic being tested. A 
thorough knowledge of the characteristic being measured will enable 
one to know what tests should have a direct (positive), low, and in-
verse (negative) relationship to the trait in question. If the test has 
the same type of relationship to these other tests, then this supports 
the validity of the test. The underlying theory about the character-
istic being measured will also suggest how this test should respond to 
different situations, and this, too, can be studied to determine the de-
gree to which the new test responds as predicted. 
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EXAMPLE OF VALIDITY 

To illustrate the three types of validity, let us assume that we want 
to find a test for cardiovascular fitness that could be given to large 
groups by physical educators. First, we could read the literature and 
talk to qualified persons in physical performance and fitness. We 
might find that the time for a distance run, such as the two-mile run, 
would be recommended as a test of cardiovascular fitness that could 
be used in mass testing situations. The fact that this measure has 
been used by persons in this area and is recommended by experts 
would be some evidence of the first type of validity. 

Let us assume that, after a thorough search of the literature, it was 
found that maximal oxygen intake was the most valid test of cardio-
vascular fitness (criterion test). The next step would be to see if the 
two-mile run is highly related to maximal oxygen intake in groups 
similar to those we want to test. If a high relationship is found (that 
is, persons scoring high on maximal oxygen intake tend to have faster 
two-mile run times), then this is evidence of the second type of valid-
ity. 

Let us assume further that a thorough knowledge of cardiovascular 
fitness indicates that it is highly related to high stroke volume and 
better heart rate adaptation to submaximal work; is inversely related 
to symptoms of various cardiovascular diseases; and is not related to 
small motor skills and academic acheviement. If the two-mile run time 
was highly, inversely, and not related, respectively, to these other 
tests, this would be additional support for its validity as a test of 
cardiovascular fitness. 

One would suspect that cardiovascular fitness would be worse in 
extreme temperatures, in high altitudes, during fatigue, etc. The 
response of the two-mile run as predicted to these conditions would add 
support for its validity. In addition, one might expect cardiovascular 
fitness to improve as a result of a regular program of endurance train-
ing, to decrease as a result of being bedridden, and not to change as a 
result of regular participation in shuffleboard. Again, the validity of 
the two-mile run could be studied to see if it responds as predicted to 
these conditions. 

In short, the two-mile run would be validated as a test of cardio-
vascular fitness by (1) opinions of cardiovascular experts, (2) demon-
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strated high relationship to a criterion measure of cardiovascular 
fitness, and (3) its response to different conditions and situations in 
the same way that a test of cardiovascular fitness would be predicted 
to respond (based on the best information available). 

Reliability 

Reliability of a test means the degree to which one can expect the 
results to be consistent. It is important, since the confidence the 
teacher has in being able to test the pupiFs ability depends largely on 
the consistency of the test; that is, the higher the reliability, the less 
likely the test score will be due to the fluctuation of the test rather 
than a reflection of the pupil. Although validity involves more than 
reliability, reliability is a necessary element in validity. A test could 
measure something consistently, but it may not be the trait it is sup-
posed to measure (thus it would be reliable but not valid) ; however, 
it could not be valid unless it was first reliable (a test could not meas-
ure what it is supposed to measure unless it measures it consistently). 

Reliability can be determined by testing the same group of pupils 
in the same condition on the same test with a set time interval between 
tests. Two questions should be asked concerning the consistency of a 
test given twice to the same group in the same condition—(1) to what 
degree does the test rank the pupils in the same order both times (from 
best to poorest), and (2) do pupils tend to appreciably change scores 
on the test simply by retaking the test? 

RELATIVE POSITION 

The consistency in the order of the pupils is usually determined by 
the correlation (relationship) between the two tests. The higher 
(positive) the relationship, the more reliable the test is with respect to 
the differentiation among the pupils (relative position). That is, a 
a high positive correlation would be indicative of a similar score on the 
two tests. 

SYSTEMATIC CHANGES 

The difference in score due to retesting is often neglected in the 
determination of reliability, but it is needed to detect any systematic 
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changes made by the entire group (which will not be detected by cor-
relation). The two testing periods can be compared on the same group 
to determine whether there is a difference in the actual test scores 
(absolute values) between the two testing periods on the same test. 

FLUCTUATIONS 

Low correlations can be caused by fluctuations (errors) in the equip-
ment, the measurement, and/or the pupil (intraindividual variability). 
The reliability should be reported for short time intervals (which 
minimize intraindividual variation) and for the time intervals nor-
mally elapsing between test administrations. Thus, if a test would 
normally be administered before and after a six-week unit, then the 
six-wreek reliability should be reported; if it is normally administered 
annually, then the reliability over one year should be reported, etc. 
Obviously, the longer the time interval, the larger will be the intra-
individual variation and the lower the reliability. The reliability of 
tests should be established for each particular situation and group for 
which the test is used. 

OBJECTIVITY 

A related question concerns the consistency of a test with different 
testers. The objectivity is relatively easy to determine by a compari-
son of independent scorers on the same test and same pupils. Reliabil-
ity and objectivity can be increased by training the testers and having 
them use standardized procedures and instructions in administering 
and scoring the test. The scorers should make independent determina-
tions (that is, the test should be scored in such a way that a scorer 
cannot be influenced by other scorers). 

Standardized Instructions 

Since reliability and validity are established by using particular 
instructions to ensure standard conditions, it is important to include 
these instructions with the test. The instructions should include 
(1) pretest rules concerning food, physical activity, rest, and other 
matters that might affect the test, (2) detailed procedure for ad-
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ministering the test, including modifications for different ages and 
sex, and (3) instructions for scoring the test. 

Norms 

Most variables change with age, and many are different for males 
and females. Therefore the typical scores and range of scores should 
be reported for age groups, by sex. These norms will help the pupil 
compare himself with similar pupils on particular tests. Careful at-
tention to the group used for establishing the norms will provide more 
meaningful use of norms (for example, if the norms were based on 
Olympic champions, they would hardly be useful for postcoronary 
patients). 

Practical Matters 

The practical considerations will not validate tests or establish their 
reliability, but many good tests cannot be used because of cost and 
time. Although we would hardly be expected to minimize the im-
portance of testing, it clearly has a secondary role to teaching. There-
fore it should not take a disproportionate amount of class time. The 
cost of testing is a limiting factor in almost all cases—how much 
space, how much equipment, how many persons are needed to ad-
minister and score the test? Test constructors should give a realistic 
estimate of these factors. Ideally, one should search for the perfect 
test and not have to be concerned with such mundane items. In prac-
tice, however, one must often ask, What is the most valid and reliable 
test that can be given to 50 pupils in 30 minutes? 

Summary 

Selection (and construction) of a test is based on the degree to 
which the following criteria are established. The test 

1. Measures what it is supposed to, as determined by experts* 
opinions, relation to valid tests, and theory 
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2. Is consistent, as determined by reliability and objectivity 
3. Is appropriate for the particular group to be tested 
4. Includes standardized instructions and is feasible in terms of 

time, space, equipment, and staff 

Problem 

Select a test to measure a specific objective in a particular physical 
education class. Justify your selection. 
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Efficiency, which results from thorough planning, is a prerequisite 
of testing. Since time is at a premium, every word and action must be 
predetermined in order to accomplish the most in the least amount of 
time. The same may be said for good teaching. Actually, testing re-
quires the same and at times more precise planning than does good 
teaching. Testing as well as teaching may be divided into three steps: 
preplanning (preparation), testing (instruction), and follow-up 
(feedback) periods. This chapter deals with the following question. 

What should be done prior to, during, and after the administration of a 
test? 

Preplanning 

Appropriate tests must be selected. The criteria for selection have 
been delineated in Chapter 2. Among others, they include considera-
tion of age, sex, group size, time available, test purpose, scientific 
value (validity, reliability, objectivity), and availability of leader-
ship, facilities, and equipment. 

FLOOR PLAN 

After the tests have been selected, the facility should be organized 
for most efficient use. Factors such as group structure, traffic pattern, 
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and student fatigue must be considered so that tests may be admin-
istered safely and accurately to the greatest number of students in 
the shortest time. In developing a plan for rotation, tests should al-
ternate in regard to muscle groups involved as well as degree of ac-
tivity (most and least strenuous). The traffic pattern should avoid 
student meandering and confusion concerning test locations. Each 
area should be clearly marked and a floor plan prominently displayed. 

The above organization assumes that sufficient leadership is avail-
able and that a number of different tests requiring a similar amount of 
time will be administered simultaneously. If one test proves to be 
more time-consuming than others, two or more stations should be 
provided for that activity. This reduces the possibility of a delay in 
one area which may cause confusion and unnecessary loss of time. 
Also, when students are forced to wait for an undue amount of time, 
there is an increased tendency toward discipline problems. 

The need for additional leadership may be met by using other 
teachers, leaders' groups, senior students, or parents. When additional 
personnel are involved, the teacher in charge must assume the 
responsibility for training the individuals prior to the day the tests 
will be administered. A time-consuming but recommended procedure 
is to have these leaders actually experience the tests. This increases 
their familiarity with the test and also offers an opportunity to check 
on potential delays due to traffic pattern or timing of the tests. 

GROUP ORGANIZATION 

A number of means are available for organizing the students. The 
above system assumes individual or group rotation. That is, each 
individual is responsible for completing a set number of tests. On 
completion of one test a student is free to go to any area for the next 
test. This procedure is useful when one is working with older pupils 
(upper elementary school), since it also teaches self-direction. An al-
ternative form, that of squad rotation, is recommended for young 
students and is equally effective with older students. This technique 
allows the squad to rotate as a group from test to test. With younger 
students it would be essential to assign a group captain, usually an 
older child, to direct the group from one test area to another. 

The most economical procedure in testing is to administer the same 
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test to half the group while the rest of the class acts as scorers. Then 
partners change places, and the test is repeated (mass testing). This 
procedure is recommended when facilities, equipment, and the type of 
test permit. 

SCORE CARDS 

The purpose of the test and the rotation procedure selected will 
determine the type of score card used. If an individual or partner 
system is selected, an individual score card will be needed. This points 
to one of the disadvantages of individual rotation. Students may lose 
or mutilate their score cards, making them useless as permanent rec-
ords. Mutilation is a less serious problem, since the scores can be re-
corded on another card. Although loss of a card does not occur often, 
it can be avoided by carefully controlling the collection of the score 
cards before the students leave the testing area. 

When squad rotation is used, the leader may be charged with the 
responsibility for carrying the groupe score card. A card for a squad 
is a shortened form of the class roll, listing only members of the squad. 
No matter which form is used, all score cards should include names, 
tests, date of testing, room for scores including all trials, a place for 
calculation or score conversions (norms, etc.), and grades. 

When testing occurs over a two-day period, the teacher must be 
certain to collect the cards after the first day and redistribute them 
on the next. These procedures must also be preplanned. If individual 
cards are used, they should be returned to a designated place or col-
lected as the students leave the gymnasium. If squad cards or class 
rolls are used, they should be returned directly to the teacher. 

Cards should be alphabetized or ordered systematically to be re-
distributed as students enter the gymnasium. If squad cards are used, 
organization will be facilitated if squads are previously informed as to 
where they should meet. 

Score cards should be developed before the day of testing. When 
squad or class rolls are used, the teacher can have names already 
entered. This procedure becomes cumbersome when individual cards 
are used. Therefore, an alternative would be to have a model drawn 
on the board which the students can copy. Ideally, forms should be 
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preprinted to which students need only add their names. This pro-
cedure is also helpful when squads are used. 

WRITTEN INSTRUCTIONS 

All standardized tests should include written instructions. These 
guides for the teacher should define the purpose of the test, dimensions, 
markings, equipment needed, directions, scoring procedure, and data 
for reliability, validity, and objectivity. The teacher must be tho-
roughly familiar with the test layout, directions, and equipment in-
volved prior to administering the test. Before the day of testing the 
teacher should prepare a second form giving the key points of the 
test to be presented to the students or underline those points on the 
original form. 

Having become thoroughly familiar with the test(s) to be presented 
and having carefully planned the organization and rotation, the 
teacher has one task remaining before testing day. He must prepare 
the students by informing them of the purpose for testing and of any 
special equipment which they must supply, as well as giving them 
procedural cues such as special formations, if any, to be used on enter-
ing the gymnasium for the next class meeting. 

Testing Day 

The teacher should arrive early to post norms and the diagram of 
the testing stations. Equipment should be carefully checked and 
placed in position before the class arrives. Extra pencils, stopwatches, 
and score cards should be easily accessible. 

PRELIMINARY INSTRUCTIONS 

As the class arrives, score cards should be distributed and the 
students should be seated in a position where they can see the teacher 
as he explains the tests. The teacher should stand in a position where 
he can see and be seen by everyone. Instructions are given to the 
entire group before they divide into squads for testing. Even if trained 
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leaders are used who are to handle the entire administration of a test, 
the teacher should review the purpose of the testing situation and the 
overall procedure (squad rotation, traffic pattern, collection of score 
cards at the end of testing) and set a positive, efficient tone for the 
day. 

TEST INSTRUCTIONS 

In administering a test, the teacher should present the following 
information to all students. The purpose of the test must be clearly 
delineated so that all students understand what the test is designed to 
measure. A careful explanation of the test should be given. Key points 
should be emphasized. The instructions are more easily understood if 
the explanation is given in units and follows the order in which they 
occur in the test. A demonstration should be given, since students are 
often more receptive to pictures than words. The factors to be watched 
by scorers should be reemphasized, and then students should be asked 
if there are any questions. If starting and stopping «signals are used, 
they should be distinctive and should be described before testing 
begins. Although the teacher has memorized the test, he should al-
ways have a written form available. Instructions should be standard-
ized and should be concisely presented in language appropriate to the 
age group. 

Not only should test instructions be standardized, but procedures 
and environment should also be the same for all students. This neces-
sitates the establishment of a policy on the permissibility of pretest 
practice. If one student is allowed to practice, all students must be 
given the same privilege. In a test requiring a throw for distance, 
practice allows warm-up which may play a vital role in the prevention 
of injuries. Care should be taken, however, that students do not 
warm up to the point of fatigue. Consideration should also be given 
to the absurdity of having students warm up and then sit around 
waiting their turn. All factors, then, including space dimensions, 
equipment, warm-up, instructions, number of trials, and time be-
tween trials should be kept constant to assure equivalent conditions 
for each student. 
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PERSONNEL 

All personnel involved in testing must be carefully trained. When a 
mass testing procedure is followed, the teacher should emphasize the 
scoring technique to be used. 

When testing stations are used, one person should be designated as 
being in charge of each station. This leader should be thoroughly 
versed in the test and should be responsible for the rotation and 
scoring at his area. Each area should have sufficient personnel as-
signed to it so that time will not be wasted in retrieving balls or re-
cording scores. 

DISCIPLINE AND SAFETY 

Students should be kept involved with meaningful duties and ex-
periences if discipline is to be maintained. For this reason testing 
should be carefully planned, positively conducted, and efficiently 
managed. A discipline problem not only leads to poor use of time but 
may also present a safety hazard to the individual and others. There-
fore safety should be stressed for each event and in developing the 
traffic pattern. Whenever possible, students should be occupied with 
such things as scoring, equipment retrieval, and assisting in every 
possible way. Extra equipment should be available in case of damage 
or repairs. If students understand the purpose of the tests and are 
kept involved with meaningful experiences, few discipline problems 
will arise. 

Follow-up 

After all scores have been accurately recorded, the score sheets 
should be returned to the teacher who now must interpret the scores. 
Room is available on each card for conversion into norms and/or 
grades. Profiles are recorded on a permanent record or directly on the 
score sheet. Before the score sheet is returned to the student, a perma-
nent copy is recorded. The results should be made available as soon 
as possible, with an explanation of how they will affect the work to 
follow—that is, whether groups will be formed on the basis of the 
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test results or whether his program will be accelerated. Each student, 
individually when possible, must be assisted in properly interpreting 
his results and in developing concrete steps toward formulation of a 
meaningful program. 

Hints 

When giving directions to a group, present the information before 
sending the groups to their testing stations. In dividing students into 
groups, use color-coded or numbered sheets to efficiently assign stu-
dents to their testing stations. 

Students will take as much time as is given to them. Therefore, be 
certain to use distinctive signals for starting and stopping. Inform the 
students that following the signal for stopping you will say, "Next, 
ready, go," and will expect them to be prepared. In this way time 
will be saved. 

When timing a test that involves more than one testing station, 
know the number in each group and make appropriate adjustments if 
the groups are uneven. 

Areas should be premarked for more efficient reading of scores. This 
is true for any tests that involve throwing or jumping for distance. 
Another time-saving technique is to read only the best of three trials 
when that is the score used. If only one stopwatch is available to test a 
class in a run, read off the time at each tenth of a second and have 
partners watch when their partner crosses the preestablished line. 

When testing the high jump, test all subjects at the same height 
before progressively raising the cross bar. 

Summary 

Accurate results depend on "good tests" properly administered. 
This requires careful planning with clear, concise directions that are 
readily understood by the students. Properly trained assistants are a 
necessity. The one factor not yet considered is the student himself. 
It is assumed that each student is trying his best on each test. To as-
sure this, the teacher must properly motivate the student. This is 
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done by being sure that the student understands why the tests are 
given and how the scores will be used. Positive encouragement during 
the test itself is permitted if each student is so motivated. The prob-
lem is that students react differently and therefore varied methods are 
appropriate. Since this is not always possible, it might be advisable to 
use only mass techniques such as establishing a positive, efficient 
environment when one is working with older students. When ele-
mentary-age youngsters are being tested, individual techniques may 
be useful provided that care is taken not to "overmotivate," which 
would cause students to try "too hard" and thereby lower their 
scores. 

Problem 

Select a test. Make detailed plans for administering this test to a 
particular class. 
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Subjective evaluation takes many forms and is used by all teachers. 
It necessitates a reliance on training and experience. If a teacher does 
not shy away from correcting errors in his pupils, why is he hesitant 
to evaluate a student's performance? Difficulty arises because this 
technique involves qualitative rather than quantitative judgments. 
Correction of errors and subjective evaluation require similar kinds 
of analysis and comparison with predetermined criteria. An appropri-
ate description of this technique would be "objective subjectivity.,, 

The questions to be answered prior to subjective evaluation are as 
follows. 

1. What are the components to be evaluated? 
2. Which ones should be evaluated subjectively? 
3. What rating scale will be used? 
4. How will each point on the scale be defined? 
5. How many students will be rated at one time? 
6. In what situation will the rating be done? 
7. What type of rating form will be used? 
8. How many raters will be used? 

Development of Categories to Be Rated 

The first crucial question to be resolved when preparing to evaluate 
students is to determine the components to be judged. This is decided 
before the semester begins and is done in conjunction with the develop-
ment of a unit plan. The teacher carefully considers those skills re-
quired for the game. Once this decision has been made, he must de-
termine which skills are to be evaluated objectively (skill tests) and 



Development of Categories to Be Rated 29 

which subjectively. Subjective evaluation complements and supple-
ments objective measures and should not be used redundantly. That 
is, if a skill test is administered to determine the number of baskets 
made in 30 seconds (or field goal average for a game), this criterion 
should not be used to subjectively evaluate shooting skill. However, 
it would be appropriate to subjectively evaluate the "type" of shot 
used in game play and the manner of execution, as opposed to whether 
the basket is made. 

The following analysis illustrates how the teacher may determine 
which elements to evaluate subjectively as wTell as develop an overall 
scheme for doing so. The student should recognize it as only an ex-
ample of the procedure that might be followed. 

The game of basketball taught to beginners includes many essen-
tials such as running, jumping, passing, shooting, rebounding, and of-
fensive and defensive patterning. All these aspects should be evaluated. 
Shooting, passing, running, and jumping can be readily evaluated ob-
jectively by timing for speed, by counting baskets made, or by meas-
uring height jumped. If all aspects are deemed equally important and 
if time permits, a skill test is selected (according to the criteria estab-
lished in Chapter 2) to measure each phase. If there is not sufficient 
time to measure all these components, those least important are 
eliminated. In this way only one shot or pass may be tested and the 
running test may be deleted, since rarely does a basketball player run 
for a long distance without suddenly having to change direction. 

The teacher may feel that it is important not only to evaluate the 
students ability to handle the ball in a structured situation, such as 
how many baskets he can make in 30 seconds or how many passes, 
but also to have an indication of how the student uses these skills in a 
game situation. Again, the elements to be evaluated must be deter-
mined. Therefore, the teacher would like to evaluate shooting, passing, 
guarding, rebounding, and teamwork not for the number of baskets 
made (which is accomplished through objective tests) but for how all 
these skills are adapted during game play. Each phase then is further 
analyzed so that shooting is now thought about in terms of positioning, 
using the appropriate shot for the situation, the flight of the ball, the 
timing of the shot, etc. Passing, guarding, rebounding, and other 
aspects deemed important are similarly analyzed. 
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Because such a listing would be unwieldy, the teacher must con-
dense and reorganize these factors. An example of the result of such 
retrenching is given in Form 1. Where play and classtime permit, it 
would be advantageous to rate each aspect of the specific skill exe-
cuted. Because of time and the complexity of the game of basketball, 
a more realistic rating sheet would use only the major headings (Form 
2). 

FORM 1 

Basketball 
Subjective Grading Sheet 

Names of Players 

I. Shooting 
A. Type 
B. Execution 

II. Guarding 
A. Body position 
B. Arm position 
C. Balance 

|[IL Passing 
A. Type 
B. Accuracy 
C. Force 

IV. Rebounding and jump balls 
A. Position 
B. Timing 

V. Teamwork 
A. Assists teammate 
B. Uses players to greatest 

advantage 
C. Uses self to best advan-

tage 

Scale: 5 Excellent 
4 Above average 
3 Average 
2 Below average 
1 Poor 
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FORM 2 

Basketball 
Subjective Grading Sheet 

Names of Players 

I. Shooting 
II. Guarding 

III. Passing 
IV. Rebounding and 

jump balls 
V. Teamwork 

Scale: 5 Excellent 
4 Above average 
3 Average 
2 Below average 
1 Poor 

Form 3 is an example of a scale that requires judging each aspect of 
a skill in connection with a balance beam routine which students 
create, including all the activities outlined as well as two movements 
which they select. In this case, students are rated on each aspect— 
base of support, alignment, etc. Every level of execution must be 
carefully considered before testing begins. All of these scales can be 
adapted to as many levels of discrimination as the teacher desires. 
Each is but an example which should be adapted for a particular 
situation before being used. 

The purpose of the rating scale will determine the number of cate-
gories involved. For example, if the teacher desires to divide the class 
into three groups, three categories will suffice. However, if the rating 
scale will be used for grading purposes, a minimum of five divisions is 
desirable. Basically, the number of categories to be used will be deter-
mined by the degree of discrimination desired. Each unit of discrimi-
nation will have to be defined so that the rater (teacher) and those to 
be rated (students) will have a clear picture of what excellent, above 
average, average, below average, and poor performance is, relative to 
the aspect being judged. It has been found more convenient and useful 
to employ numerical ratings as opposed to words or letters when 



FORM 3 
Basic Movement 

Balance Beams—Rating Scale" 
Name Section 
Area I: 

Creative combination 
Area II: 

Synchronization of movement 
Area III: 

A. Mount 
Body weight controlled in straight line 
Balance before beginning step 

B. Forward Walk 
Alignment 
New base of support 

C. Back Walk 
New base of support 
Alignment 
Leg moved from hip 

D. Turn 
Weight over base on balls of feet 
Center of gravity not lowered until turn is complete 

E. Lunge to Beam 
Adequate base of support 

immediately assumed 
Alignment (down and up) 
Weight controlled when lowering 
Weight controlled on recovery 

F. Leg Swings 
Weight balance over base 
Movement initiated from hip 
Alignment 

G. Dismount 
Body weight controlled 
Step down and back from beam 
Erect standing position (end) 

H. Optional 1 
Control 
Alignment 
Complexity 

I. Optional 2 
Control 
Alignment 
Complexity 

Scale: 5 Excellent 
4 Good 
3 Fair 

° Used in the Department of Physical Education for Women, University of Il-
linois, Champaign-Urbana. 

2 Poor Total points 
1 Very poor Grade 
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subjectively rating. This not only saves time during the actual rating 
but also gives greater flexibility in analyzing the grades or adding them 
to develop a composite score. 

Developing the Rating Sheet 

The rating sheet should be developed before the rating process 
begins. The type of rating sheet to be used will be determined by (1) 
whether an individual or an individual within a group will be observed, 
(2) whether one or many skills will be rated, and (3) the degree of 
discrimination desired. This latter point will depend on the purpose 
of the rating session. It may be for classification, achievement, or 
grading, to name a few. In the examples above, the basketball rating 
sheet (Form 1) allows members of two teams to be rated simul-
taneously, whereas Form 3 permits a maximum observation of two 
people only. 

A rating sheet must be simple to be used with accuracy. I t should be 
easily read and logically written. Before using it, the teacher should 
be familiar with the criteria and the rating sheet to permit the most 
accurate rating possible in the shortest amount of time. 

Observations 

Subjective evaluation, when well done, is relatively time-consum-
ing and strenuous in that it requires complete concentration on the 
task. Therefore, observations must be carefully preplanned and or-
ganized. Ratings must be done more than once, particularly if they 
are done during game situations. In these situations three observa-
tions would normally be the minimum to provide adequate informa-
tion for an accurate judgment, since individuals will be observed in 
slightly different situations involving the same techniques. 

The environment and other conditions during the rating situation 
should be kept constant. That is, if one team or individual is rated in 
a competitive environment with observers present, all teams or indi-
viduals should be rated under similar conditions. Therefore, either the 
level of competition should be equated, or each player or team should 
be observed as they compete against every other individual or team. 
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This last condition, although possibly ideal, raises the problem of time 
if classes are large. Therefore, equating competition for rating pur-
poses may be the most practical way of organizing these sessions. 

Subjective evaluation requires focusing on the individual with 
predetermined criteria in mind for the purpose of rating the degree of 
skill attained. Although there is a similarity in observation for the 
purpose of correcting errors (used in teaching), the mind set of the 
teacher is quite different when grading. For this reason observations 
made during teaching without this specific focus lead to inaccurate 
and often invalid grades. It is impossible to use the cumulative obser-
vations made during the regular teaching process for ''objective sub-
jectivity.7 ' One reason is the "halo effect"—the influence a student's 
personality or attitude has on his skill rating. The teacher must con-
stantly guard against being influenced by a student's attitude while 
evaluating achievement. Arguments such as "Johnny has wrorked 
hard on this for two weeks so I'll give him a B " or "Sarah could exe-
cute this stroke more efficiently if she'd only work harder so I'll lower 
her grade" have no place in subjective grading. 

To overcome this aspect, the teacher, wThen conditions are appropri-
ate, should observe each pupil doing one skill before beginning to rate 
a second skill. For example, in rating students on five dives, all 
students should be rated on the front dive before any student is 
evaluated on his back dive. When students are permitted to select 
their own dives, the teacher should rate all who have elected dive A 
before beginning to evaluate dive B. Thus the rater does not have to 
switch from one set of criteria to another and therefore achieves in-
creased accuracy in evaluation. 

Rating each student on one element before proceeding to the next 
also allows the teacher to focus on each student individually and, in a 
manner of speaking, assures "equal time" for each student. This also 
safeguards against the "halo effect," since all of us have a tendency to 
recall pleasurable and satisfying experiences (the courteous student) 
more readily than others. 

Types of Rating Forms 

Rating forms serve different functions and therefore appear in dif-
ferent ways. Check lists and incidence charts are often used by students 
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in rating each other. They may also be used to pinpoint strengths and 
weaknesses. They are of value in helping a student to focus his at-
tention on the play that is occurring on the court rather than expect-
ing the novitiate to select pertinent points from a great deal of ac-
tivity. An example of a checklist appears below. 

The following is an example of an incidence chart on which stu-
dents check appropriate areas as they occur. 

These two rating forms are useful in involving students who are not 
playing at the moment. Focusing the students' attention on a specific 
aspect or aspects of the game enhances the learning of the "spectator" 
who will soon become the participant. Students can also use these 
ratings to improve their own and a partner's skill. That is·, student A 
watches student B and then meets with him to explain his observa-
tions. Including students in the teaching situation helps to develop 
better understanding and increase their motivation. This kind of in-
dividual instruction can also improve their skill. As an evaluative 
technique to be used for grading, we have found these systems to be 
too cumbersome and time-consuming, and their reliability may be 
questionable. Since they involve a great deal of writing (checking), 
the teacher may find that too much time is spent with attention di-
verted from the game itself, causing him to miss many grading op-
portunities. 

Batting0 Date 

Subject Rater 

Holds bat at end of handle 
Has hands together 
Keeps elbows away from body 
Steps into ball 
Overstrides 
Uses body behind swing 
Swings too early 
Swings too late 
Has smooth swing 
Swings too hard 

β Partial list. Student checks those aspects that are appropriate. 



Basketball" 
Date 

Passes 
Push 
Underhand 
Hook 
Bounce 
Chest 

Shots 
Lay-up 
Push 
Set 
Free throw 
Hook 
Jump 

a Partial list. 

Achievement Chart—Swimming11 

Name 

Turtle float 
Prone float 
Back float 
Flutter kick, one width 
Whip kick, one width 
Scissor kick, one width 
Front crawl, one length 
Back crawl, one length 
Elementary backstroke, one length 
Breastroke, one length 
Surface dive 
Plunge dive 
Spring dive 

° Partial list—check as completed. 

A modification of the checklist type of rating sheet can be used as 
an achievement chart on which to record a student's progress on a 
pass-fail basis. The student or teacher checks off the successful com-
pletion of a specific skill, and in this way the student can keep track of 

36 

Subject Rater 

Accurate (flight) Straight Arched Fumbled 

Accurate (flight) Hard Soft Made 
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his progress. An example of this type of achievement chart is a 
modification of the American Red Cross Swimming Progression shown 
here. 

A valuable aid would be the addition of pictures depicting various 
levels of performance. Then, after the subject's form is compared 
with the criteria, a judgment is made. This procedure is often used in 
rating posture. 

Different Forms for Rating 

The usefulness of a rating sheet depends on the teacher's training 
and experience as well as on the skill to be rated. An example of vari-

Subjective Evaluation of the Swing 

Form A 

Using a 10-point scale, rate the four students on the loop films as fairly as pos-
sible. 

For each grade given, explain how you arrived at this particular grade (what you 
used as criteria for your evaluation). 

Subject A 
Grade: 

Subject B 
Grade: 

Subject C 
Grade: 

Subject D 
Grade: 

Name Date 
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ous forms used to rate will be given for a particular skill. The task was 
a pendulum swing in three-quarter time involving the whole body. 
The following sheets were developed by Drs. Deutsch and Hoyman* 
for the purpose of establishing guidelines for subjective evaluation. 
Films were taken of four students who varied in skill. Teachers and 
upper-class physical education majors rated the quality of the swing, 
using each of the sheets. The five rating forms are presented to give 
the reader an idea of different forms that may be used in evaluating 
the same activity. 

Subjective Evaluation of the Swing 

Form B 

Using the scale shown below, rate each of the four students on the loop films. 
For each grade given, explain how you arrived at this particular grade with 

reference to following criteria in the specified order: 

Subject: 
Grade: 

1. Trunk involvement 
2. Knee involvement 
3. Arm involvement 
4. Range of movement 
5. Rhythm 
6. Coordination 

Scale: 1- 2 
3 - 4 
5- 6 
7- 8 
9-10 

Very poor 
Poor 
Fair 
Good 
Very good 

Subject: 
Grade: 

Name Date Trial No. 

* Dr. Annelis Hoyman, Associate Professor, Department of Physical Education, 
University of Illinois, Champaign-Urbana. 
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Subjective Evaluation of the Swing . 

FormC 

Using the scale shown below, rate each of the four students on the loop films. 
Evaluate the performance in terms of the following criteria in the specified 

order: 

A. Arms 

1. Use of gravity 
2. Amplitude of the swing 
3. Time per period (round trip) 
4. Speed at various points in the arc 

B. 1. Knee action (coordination) 
2. Total body involvement 

Subject: 
G rade : 

Subject: 
Grade: 

Name Date Trial No. 

Form A is an open-ended sheet which was favored primarily by 
people who taught dance and were very experienced in analyzing and 
assessing movement. An analysis of the criteria used by the raters 
showed that each followed a consistent pattern that resulted in 
watching the movement in its entirety and then a careful analysis of 
the parts involved. The majors found that they needed more guide-
lines than this form provided. In general, the majority of the people 
who used this form agreed with the majors. 

Form B was generally well received by all experienced teachers who 

Scale: 1- 2 Very poor 
3 - 4 Poor 
5- 6 Fair 
7- 8 Good 
9-10 Very good 
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used this sheet. It was too general when used by majors. Most raters 
again viewed the entire movement before concentrating on its parts 
and recommended inclusion of a category of this type. This type of 
rating sheet is also applicable to other movements. Again it must be 
emphasized that each rater had to define for himself what each nu-
merical rating would be for the trunk, knee, etc. Since the ratings 
were relatively similar among judges, all of whom had previous ex-
perience in teaching such a movement, their own guidelines appeared 
to be in agreement with those established by others. 

Whereas Form B was patterned after an anatomical or kinesio-
logical format, Form C used a rhythmical concept. It met with aver-
age acceptance by experienced teachers but was not very helpful 
when used by majors who lacked experience. Some individuals praised 
the order of the outline, while others felt that this form overempha-
sized the use of the arms. 

Experienced teachers rated Form D as only generally acceptable, 
feeling that it was too restricting in form and terminology and too 
cumbersome. The majors felt that it was very useful and appreciated 
the guidelines which were included. Experience resulting in increased 
self-confidence has positive implications for subjective evaluation. 

Some experienced teachers and all the majors thought that Form E 
was useful in judging the total body swings of the subjects. Other 
experienced teachers felt that it was too restricting and cumbersome. 

The experienced raters were relatively consistent regardless of the 
form used. Each had a systematic way of viewing the movement when 
they used the open-ended form. Nearly all experienced judges favored 
some guidelines in the form of some key areas to observe (Form B) 
rather than a more detailed form. Inexperienced raters favored the 
more rigid forms such as D or E. Although Forms B and D offered a 
more kinesiological analysis wThile Forms C and E emphasized rhyth-
mic aspects, the experienced raters were relatively consistent in their 
judgments. Preference thus appeared to depend on training and ex-
perience. It is hoped that these forms give insight into a means for 
developing your own forms when subjectively evaluating a skill. 

The purpose of the movement to be rated, reflected in the teaching 
method used, also has bearing on the type of rating form used. Refer-
ring back to the Balance Beam Form, one can see that the object of 



Subjective Evaluation of the Swing 

FormD 

Using the criteria and the rating scale shown below, rate each of the four students on the loop films 

Subject: Grade: 

1-2 
Very poor 

1. Trunk involvement Stiff 

2. Knee involvement Stiff 

3. Arm involvement Limited range, 

no coordination 

4. Range of movement Narrow, stiff 

5. Rhythm Absent 

6. Coordination Work in parts 

3-4 
Poor 

Slight uneven 

One pump or ex-

No use of gravity 

Range all right, 
but forced 
Jerky 

6-7 
Fair 

Lacks coordina-
tion 
Two pumps, 
lacks coordina-
tion 
Limited range, 
coordinated but 
jerky 
Limited but re-
laxed 
Not even 

7-8 
Good 

9-10 
Very good 

Limited range Range, coordination 

Two pumps, 
jerky 

Range, coordination 

Limited range, Range, coordination, 
but coordinated uses gravity 

Arms and legs not Arms wide and 
together, uses legs narrow, or 
trunk vice versa 

Limited but co-
ordinated 
Lacks stress, 
otherwise all 
right 
Use of entire 
body, but lacks 
smooth transi-
tion 

Sufficient range, re-
laxed coordination 
Stress even, relaxed 

Movement spreads 
smoothly through-
out the body 

Name Date Trial No. 

D
ifferent 

Form
s for R

ating 
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Form E 

Using the criteria and the rating scale shown below, rate each of the four students on the loop films 

Subject: Grade: 

1. 

2. 

Use of gravity 
(force) 

Amplitude of the 
swing 

1-2 
Very poor 

Force swing, 
gravity not al-
lowed 

Very narrow 

3-4 
Poor 

Too abrupt 

Limited 

5-6 
Fair 

Downswing 
good, extra 
"give" in end 
position on re-
turn swing 
Restrained in 
range backward 

7-8 
Good 

True swinging 
quality, gravity 
allowed to act 

Adequate, con-
sistent with use 
of gravity most 
of the time 

9-10 
Very good 

True swinging qual-
ity 

Consistent with use 
of gravity 

42 
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3. Time per period 
(round trip) 

4. Speed at various 
points in the arc 

5. Knee action (coor-
dination) 

6. Total body involve-
ment 

Name 

Slower than if 
gravity were al-
lowed to act, ex-
tensive stops in 
end positions 
Sustained, or 
fast throughout 

Rigid or exag-
gerated or no 
knee action on 
the return swing 
None, stiff back 

Too slow 

Sustained rather 
than swinging, 
slow 
Decided knee ac-
tion, but uneven 

Slight, stiff back 

Not even in the 
two half-periods 

Prolonged stops 
in end positions 

Not consistent 
with amplitude 
of the swing 

Limited range 

Date 

Moderate, gen-
erally consistent 
with the length 
of lever 

Generally co-
ordinated with 
use of gravity 
Generally con-
sistent with am-
plitude and 
force 
Relaxed, but 
somewhat lim-
ited 

Tri 

Consistent with use 
of gravity and 
length of lever 

Coordinated with 
use of gravity 

Minor deviations 
but coordinated 
with the swing 

Total body involve-
ment, relaxed 

alNo. 

D
ifferent 

Form
s for R

ating 
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these movements was balance and demonstration of an understanding 
of the concepts involved. Therefore, what is graded will depend on the 
teacher's philosophy which is reflected in the teaching methods used. 

Subjective Assessment 

Once the criteria have been determined and the meaning of the 
scores defined, the teacher plans for and observes his students to 
evaluate their performance. Many methods are available for deter-
mining the meaning of the different scores. One is by letting the class 
determine the standards. That is, poor, average, and good perform-
ances (or examples of all levels used) are demonstrated as the basis for 
each grade. This procedure is not only time-consuming but also might 
embarrass the students. Another difficulty is that classes vary from 
semester to semester and from year to year. Therefore, with this 
technique the standards would vary depending on the specific group 
being rated. To resolve this predicament, when developing such 
standards, a strong recommendation is to use an absolute which is 
tempered for the age or skill level (beginner, intermediate, advanced) 
of the group. Although this procedure is a bit more difficult to develop, 
it appears to be the most fair for the greatest number of students 
over the years, since a student who finds himself enrolled in a poor 
class will need to meet the same standards as a student in a well-
skilled class, and vice versa. 

One problem in applying this or any technique in subjective rating 
is that on occasion the teacher finds that for some reason he would like 
to change the criteria, standards, or points to be observed. Such 
changes should never be made during the evaluation sessions, since 
confusion will result. Teachers may forget which standards or criteria 
are currently being used, and therefore each student will not be 
evaluated on the same factors. Another problem would arise at the 
end of testing, when the meaning of the scores would be muddled by 
this change in midstream. Any necessary adjustments should be made 
at the end of the testing session and applied equally for all students. 

In grading, care must be taken to score the sheets as the observa-
tions are made rather than relying on memory and grading at a later 
time. Reliance on memory leads to inaccuracy and confusion, since it 
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is impossible to keep straight all the elements to be graded for each 
student. Also, reliance on memory increases the chance for the "halo 
effect" to encroach on a student's grade. This tends to invalidate the 
results, since the pupil would be graded on personality as well as 
execution rather than on execution alone. 

Since students often have difficulty in deriving meaning from num-
bers but readily understand letter grades, a simple procedure can be 
followed to arrive at a composite grade when number values are given 
in scoring. Summate all scores, and divide by the number of parts 
graded. Example: A rating form has five parts, with each part receiv-
ing a maximum of 5 points. After his points have been added, Harry's 
score is 15. Divide this by five (the number of parts), and Harry's 
average is 3. Compare this grade to a preset scale which can be referred 
to whenever subjective evaluation is used. An example of such a scale 
would be: 

A 4 .1+ 
B 3.1-4.0 
C 2.1-3.0 
D 1.1-2.0 
E 0-1.0 

Therefore Harry's grade of 3 would be equal to a C. 
Another aspect to be considered is whether each phase of the skill is 

equally important. In the previous example all five parts were of simi-
lar importance to the skill and therefore received the same weighting 
(all raw scores were summated). If, however, one aspect was more 
difficult or played a major role in the proper execution of the skill, it 
should receive additional weighting. Again using Harry's scores, let 
us assume that parts 1, 2, 4, and 5 are equally important and that 
part 3 is more important than any of the others. In this case, a higher 
weighting would be used for part 3 : 

Part 
1 
2 
3 
4 
5 

Grade 
2 
3 
5 
2 
3 

Weighting 
1 
1 
3 
1 
1 

Score 
2 
3 

15 
2 
3 

15 7 25 
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In this instance we divide by 7 (the sum of the weightings). There-
fore, Harry's score would be ^r, or 3.57. According to our scale, Harry 
would receive a B. 

Reliability and validity are also concerns in grading subjectively. 
An explanation of each as well as methods for determining each are 
found in Chapters 2 and 5. 

Using More than One Rater 

Often, more than one rater may be used. This is particularly true if 
subjective grading is being used in a research project, such as in 
validating an objective test. Ratings from three to five judges (ex-
perts) may be used to determine the degree of similarity between the 
subjective ratings and objective test scores. When more than one rater 
is used, it would be advisable to standardize the techniques after judg-
ing one performance. This procedure is observed in official gymnastic 
and diving competitions. After one performance the judges compare 
scores, and if a discrepancy is found they discuss the criteria until 
consensus is reached. 

The important point in subjective ratings for grading purposes is 
consistency first, followed by agreement with experts. If Grader A is 
always 1 to 2 points higher than Grader B, consistency is maintained 
and therefore adjustments and interpretations can be made. If, 
however, each grader varies from subject to subject, it obviously 
would be difficult to interpret a student's grade. 

In practicing subjective grading, the teacher should be concerned 
more with consistency rather than with agreement with a set standard. 
In grading as in other skills, it is "easier" to correct a consistent error 
than one that overshoots or undershoots indiscriminately. Wouldn't 
you rather correct someone who constantly shoots an arrow into the 
lower right-hand corner (cluster shoots) of the target than one who is 
all over the target face? The same principle may be applied to sub-
jective evaluation. Once internal consistency is achieved, the rater 
should then strive for agreement with "experts." 

Summary 

As was mentioned in Chapter 1, every teacher carries the responsi-
bility for making judgments. Chapter 2 discussed guidelines for 
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selecting tests. Another aid the teacher has is reliance on his own 
training and experience to assist him in making subjective evaluations. 

Subjective evaluation is a technique that complements objective 
evaluation. It may take many forms, but all have one thing in com-
mon. The key lies in the word evaluation—it is a judgment based on 
predetermined criteria. A phrase that aptly describes this aspect of 
evaluation is "objective subjectivity." In developing the powers of 
observation necessary to grade a student accurately and subjectively, 
the teacher should first work for consistency and then toward agree-
ment with a set standard. 

Many forms for subjective evaluation are available. The type of 
form depends on (1) the teacher's experience, (2) the skill to be rated, 
and (3) the time to be devoted to rating. The teacher must have 
previously determined the criteria to be applied. Detailed organiza-
tion is necessary to assess student performance accurately while giving 
other students meaningful experiences. Be certain to plan the timing 
of these rating opportunities as carefully and to have previously de-
veloped forms with which you are completely familiar. Do not alter 
your criteria once grading has begun, or it will be difficult if not im-
possible to interpret the grades. 

Problems 

1. Evaluate a performance of a "simple" skill which has been filmed 
or taped. 

2. Rate a team during game play. 
3. Develop a rating scale for a skill or routine which the students 

teach and evaluate. Include the preplanning phases as well as 
the development of criteria and grading form to be used. 

References 

Barrow, H., and McGee, R. A 'practical approach to measurement in physical educa-
tion. Philadelphia, Pennsylvania: Lea and Febiger, 1964. 

Scott, M. G., and French, E. Measurement and evaluation in physical education, 
Dubuque, Iowa: W. C. Brown, 1959. 



CHAPTER 5 

Interpretation of 
Test Scores 

Normal Fluctuation? 

HOW DO I EVALUATE 
TEST SCORES??? 

Which 
Method 
Is Best? 

\% 

w 
% 

If 
ff 



50 5. Interpretation of Test Scores 

Sampling 50 
Type of Statistical Method 52 
Test Scores 53 
Typical Score and Range , 54 
Relationship 56 

Use of Correlation 58 
Spearman Rank Order Correlation Coefficient, Rho (r') 59 

Difference between Groups 62 
Two Independent Groups 63 
Two Paired Groups 68 

Steps in Computation of Wilcoxon Matched-Pairs Signed Rank 
Three or More Independent Groups 71 

Parametric versus Nonparametric Statistical Procedures 75 
Experimental Design 76 
Summary 78 
Problems 78 
References 79 

The utilization of tests to fulfill their functions can be enhanced by 
the ability to quantify judgments concerning the following questions. 

1. What is a typical score and normal fluctuation? 
2. What is the relationship between different tests? 
3. What is the difference between different groups? 
4. What effects do various curriculums and teaching methods have on pupils? 

Sampling 

There are no absolute answers to the above questions in that each 
solution is found in terms of particular groups having specific char-
acteristics. It may well be that the answer to any of these questions 
will be different for pupils of different age, sex, mental ability, physical 
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condition, etc. It is essential that the answers to these questions be 
understood in terms of the groups (samples) used. 

In statistical terms, a population is the entirety of something that 
is of interest. For example, our population might be Arkansas male 
tenth graders, or New York physical education teachers between 30 
and 35 years of age who have had at least 5 years of teaching experi-
ence. A sample is part of the population that is chosen to be studied. 
If samples are properly selected, generalizations may be made back 
to the entire population. The procedure by which the sample is 
selected is important if we are going to have any confidence in the 
conclusions drawn for the population. One method is to select a 
random sample, which means that every member of the population 
has an equal chance of being selected. Drawing numbers from a hat 
that contained a slip for each member of the population would be an 
example of a random sample. Thus if we wanted a random sample of 
Arkansas male tenth graders, we could choose 100 names from a hat 
that contained the names of all Arkansas male tenth graders. 

If we wanted to ensure, however, that we had subjects in our sample 
who came from different-size towns, then we might want to use a 
stratified random sample. For example, we could draw proportionate 
numbers of boys from towns larger than 20,000, from towns between 
10,000 and 20,000, and from towns of less than 10,000. If the first 
group represented 60% of all tenth-grade boys, then 60% of our 
sample would come from that group. 

Finally, we might want to ensure that each section of the state was 
represented so we could use a cluster sample and choose boys from 
different geographical regions. Thus we might end up with a clustered, 
stratified random sample, with 60 boys from towns over 20,000 
(15 each from the eastern, western, southern, and northern parts of 
the state), 30 boys from towns of 10,000 to 20,000 (divided among all 
sections), and 10 from towns under 10,000 (from all areas). 

If such a procedure were followed, it would allow the conclusions 
of the study to be generalized for the entire population of Arkansas 
tenth-grade boys based on a probability statement concerning the 
percent of time such results could be expected by chance for such a 
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sample.* The conclusion could then be drawn for male tenth graders 
in Arkansas. Similar procedures could be used for larger samples 
(the United States, North America, etc.) or for smaller sections 
(Northwestern Arkansas, Washington County, a certain school 
system, a certain school, a certain class). The main point is that 
technically the conclusions are valid only for the population from 
which the samples are drawn. 

Obviously, in most cases, physical education studies are limited to 
small populations; thus it is unlikely that any one study can be 
generalized to a large-enough population to be meaningful to the 
profession. The solution, however, is not to give up, but to replicate 
studies with different populations and then analyze the findings to 
determine similar and different results. Even though one may not be 
able to find a study that specifically applies to the population of 
interest, common findings from studies with similar populations can 
be of valuable assistance in making decisions. 

Type of Statistical Method 

Variables dealing with a whole population are called parameters. 
They are rarely measured directly. One of the traditional purposes of 
statistical methods is to estimate the population parameters by 
measuring random samples from the population. These statistical 
procedures are parametric statistics. They are based on certain mathe-
matical and sampling prerequisites concerning the tests—the selection 
and nature of the samples. Nonparametric statistical procedures can 
be used with less precise tests and do not presuppose rigid sampling 

* For example, suppose that a study has been conducted to determine the effects 
of six weeks of weight training on the strength of tenth-grade males. Suppose, 
further, that the sample assigned to the weight training was much stronger, as 
evidenced by scores on a battery of strength tests, following the six weeks than 
the sample that had participated in similar activities without the weight training. 
These results could be expressed in terms of probability; that is, we could say 
that the difference between these two groups was so large that, based on the 
sampling information, a difference this large would have occurred by chance 
(thus not due to the weight training) only 1% (.01) of the time, or one time out 
of one hundred. Thus the effects of the weight training would be significant at 
the .01 level of significance. 
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procedures. Although the nonparametric methods are less precise, 
they are easier to use and understand and are more appropriate for 
most nonlaboratory situations found in education. 

I t is more important to understand the reason for applying various 
statistical procedures than to become proficient in the computation 
of all the methods for answering a particular question. The why of 
statistical analysis is the same, even though the how ranges from 
relatively simple computations (as in nonparametric procedures) to 
very complex (as in some of the parametric methods). 

Both the nonparametric (this chapter) and the parametric (Chapter 
6) procedures to answer the questions raised earlier are included in 
this text. The teacher and class will need to choose which procedures 
are more appropriate for a specific class based on its background, 
vocational goals, and needs. 

Test Scores 

Test scores can be divided into two categories:* (1) equal interval 
and (2) rank order. The example shown will illustrate the difference. 

600-yard run time 
Subject (seconds) Order of finish 

A 110 2 
B 129 8 
C 119 4 
D 127 7 
E 97 1 
F 122 5 
G 113 3 
H 123 6 

The time for the run is an equal interval score, since 1 second is the 

* There are various ways of classifying measurement scales, and there are more 
than two types of scale. Including the other scales does not substantially con-
tribute to the understanding of this point, however. 
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same amount of time at any point on the scale. The order of finish 
ranks the pupils in order from the best to the poorest time. However, 
the difference between ranks is not equal. For example, there is a 
difference of 13 seconds between first and second but only 1 second 
between fifth and sixth. The rank order score is quicker and easier to 
use (the only possibility on some tests), but it does not give as much 
information as the equal interval measure. 

An example of how to rank scores can be found in the first three 
steps of the computation of the Spearman Rank Order Correlation. 
The procedures for using a frequency distribution to handle large 
numbers of pupils are listed in Appendix A. 

Typical Score and Range 

A test score is not meaningful by itself. For example, John's parents 
will probably not be able to understand the meaning of running 600 
yards in 110 seconds if that is all the information they are given. One 
of the ways of interpreting a particular test score is to compare it with 
scores made by similar pupils. The easiest way to do this is to rank 
the pupils. Since the importance of a particular rank depends on the 
size of the class (for example, a rank of 3 would be viewed differently 
in a class of 4 compared with a class of 1000), the rank can be ex-
pressed in terms of percent which allows comparison regardless of the 
size of the class. The rank of 3 would be better than 25% in a class of 
4, whereas it would be better than 99.7% in a class of 1000. The rank 
expressed as percent is called the percentile and represents the percent 
of pupils below that score. Thus, in the 600-yard run, in Group 1, 
the percentiles would be as shown on page 55. 
In this example, the 100th percentile is placed so that all the pupils 
(100%) scored worse than that time; each of the other percentiles is 
placed between pupils so that a certain number of pupils will score 
below that time. In this sample of 8, each pupil represents 12.5% 
(100/8). 

The group can be divided into four equal groups (25% in each 
quartile). The 25th percentile is determined by finding the score that 
is better than 25% of the group ; and the 75th percentile is better than 
75% of the group. The 50th percentile, which divides the group into 
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two equal parts, is also called the median. The median is the typical 

600-yard run time 
Subject (seconds) Percentile 

100« 
E 97 

87.5 
A 110 

. . . .75.0 Upper quartile 
G 113 

_ - . .62.5 
C 119 

.50 Median 
F 122 

.37.5 
H 123 

_ 25.0 Lower quartile 
D 127 

12.5 
B 129 

0* 

β The 100th and 0th percentiles are obviously hypothet-
ical scores, since if someone scored them, he would no longer 
be better than 100% or 0% of the pupils. 

score for the group in that it divides the group into two equal groups. 
The median can be found by ranking the scores and locating the 
number that divides the group into two equal groups. If the number 
in the group is an even number (as in the example), then the median 
is between two real scores. If the number in the group is an odd 
number, then the median is the middle score. Thus, with 8 in the 
group, the median is between the fourth and fifth scores; if there had 
been 9 in the group, the median would have been the fifth score. 

The range of scores for the test is found by subtracting the lowest 
score from the highest; thus in the example of the 600-yard run, the 
scores were from 97 to 129 seconds over a range of 32 seconds 
(129 - 97). 

Norms for test scores can be established by testing large groups of 
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pupils for each age and sex. If norms are not available, a teacher can 
construct his own by combining scores from pupils over several years. 
I t is then possible to tell a pupil what percent of pupils his age and 
sex did worse on the test than he did. 

Percentiles are relatively easy to compute and are easily understood 
by pupils. One drawback is that they cannot be averaged, since (like 
ranked scores) there is not necessarily an equal distance between 
percentiles on different parts of the scale, and they depend on the 
size and distribution of the sample being used. 

Relationship 

One of the ways to understand a test is to know how it is related 
to other tests. The correlation coefficient gives a numerical value to 
represent the relationship between two tests. I t ranges from —1.0 
for a perfect negative correlation to 0 for no relationship to +1.0 for 
a perfect positive relationship. These relationships are illustrated in 
Fig. 5.1. If the correlation coefficient is +1.0 (as it is between A and 
B), the + indicates that, the higher the score on A is, the higher the 
score on B. The 1.0 indicates that it is a perfect relationship. That is, 
if we know the value of A, we will know the value of B without 
measuring it. The relationship between height and weight is positive, 
in that taller pupils tend to be heavier; however, since it is not a 
perfect relationship, there would be some error involved if we pre-
dicted a person's weight from his height. The relationship between 
year of birth and age in the year 2000 illustrates a perfect negative 
relationship. The minus indicates that, the higher the score on one 
variable, the lower will be the score on the other. The number in-
dicates the degree of relationship. Note that one can predict just as 
accurately from a correlation of —1.0 as from +1.0. The final example 
illustrates a zero correlation between Test C and Test D. There is no 
relationship between a pupil's score on Tests C and D. Knowing the 
results of Test C will not help us guess (predict) what his score would 
be on Test D. 

A word of caution must be inserted about correlations. The correla-
tion between two variables will change for different groups. A high 
correlation can be achieved for two tests that are not highly related 
to each other but are both related to a third factor that is not con-
trolled. For example, reading ability and shoe size do not have a high 
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relationship. However, if one used children aged 5 to 10, the correla-
tion between reading ability and shoe size would probably be quite 
high because the age factor was not controlled (the older children 
have both larger feet and better reading ability). In this case, one 
would have to use the same age group to determine the relationship 
between shoe size and reading ability.* 

3 6 
Tes! D 

Fig. 5.1. Relationship between tests. 

* There is a technique (partial correlation) for mathematically taking out the 
effect of a third variable. 
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I t should also be noted that, although factors A and B are highly-
related (correlated), this does not mean that A caused or was caused 
by B. The fact that people with high blood pressure have more heart 
attacks than those with normal blood pressure does not mean that 
high blood pressure causes heart attacks. Both high blood pressure 
and heart attacks may be caused by other factors in the person's life. 

USE OF CORRELATION 

Correlation coefficients can be used to help establish reliability, 
objectivity, and validity. One of the methods used to determine the 
consistency (reliability) of a test is to give it twice to the same group 
of pupils in the same situation with a set period of time intervening. 
The correlation between these two testing sessions (on the same test) 
represents a reliability coefficient. The higher (positive) the correlation, 
the more consistent is the test. 

The degree of objectivity of the scoring of a test can be established 
by determining the correlation between different scorers on the same 
group taking the same test. The scorers should arrive at their scores 
independently of each other. 

Sometimes it is not possible to retest the pupils on the same test. 
In these cases, there are two ways of getting an estimate of relia-
bility: (1) give an alternate test (designed to measure the same thing 
but with different test items) and correlate the scores between the 
two tests; or (2) divide the one test into two independent parts and 
correlate the two parts. The main problem in using alternate tests is 
to have two forms of the test that measure the same thing. Therefore, 
part of the lack of reliability may be due to the two forms measuring 
different things. When dividing a test into two parts, it is important 
to try to get two equal parts in terms of content and the difficulty of 
the items. The system of odd items versus even items has been used 
many times to divide a test into two parts. 

Correlation can be used to determine one type of validity by 
correlating the new test with an accepted test of the same char-
acteristic (criterion test). This correlation coefficient is referred to as 
a validity coefficient. The most important consideration is to have a 
good criterion test. 

Another way to use correlation in understanding the meaning of a 
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test is to correlate it with many other tests. This increases under-
standing of the test indirectly by showing relationships between tests 
(intercorrelations) .* 

SPEARMAN RANK ORDER CORRELATION COEFFICIENT, RHO (r') 

One of the earlier methods for determining the relationship between 
rank order scores was developed by Spearman. The following example 
will illustrate how the relationship is determined. 

Steps in Computation of Spearman Rank Order Correlation (r') 

1. List all test scores in descending order (best to poorest scores) 
2. Number these scores from 1 to 7 (or the total number of pupils) 
3. Assign a rank to each score 

a. If there is only one pupil for a score, the rank is the same 
as the number 

b. If there is more than one pupil with the same score, assign 
all the pupils tied at that score the median (or average) 
rank 

4. Take the difference between the ranks for the two scores for 
the same pupils (d) 

5. Add d's ( Σ d) ; they should equal 0 (check on Steps 1-4) 
6. Square the individual differences (d2) 
7. Add the d2's ( Σ d2) 
8. Square the number of pupils (N2) 
9. Substitute in this formulât 

, « 6 Σ ^ 
T N(N* - 1) 

* Factor analysis of a battery of tests to determine what tests tend to relate 
to each other (load on the same factor) is a logical extension of this type of va-
lidity. A test of a particular trait should load on the same factor as tests of the 
same or highly related traits, have a negative loading on factors with tests that 
are inversely related, and have low factor loadings on factors of tests that are not 
related. 

t If an odd number of pupils are tied, then the median is the middle number 
(for example, 6 is the median of 4, 5, 6, 7, 8). If an even number of pupils are 
tied, the median is between the two middle numbers (for example, 6.5 is the 
median of 5, 6, 7, 8). 
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Example 

Step: 1 

1 

Inches 

71 
70 
69 
68 
67 
67 
65 

2 

îeight 

No. 

1 
2 
3 
4 
5 
6 
7 

3 Step: 1 

Rank 

1 
2 
3 
4 
5.5 
5.5 
7 

2 

Weight 

Pounds No. 

180 
146 
144 
138 
138 
113 
103 

1 
2 
3 
4 
5 
6 
7 

3 

Rank 

1 
2 
3 
4.5 
4.5 
6 
7 

Height 

Pupil Inches Rank 

I 
J 
K 
L 
M 
N 
0 

67 5.5 
68 4 
71 1 
65 7 
69 3 
67 5.5 
70 2 

Weight 

Pounds 

103 
144 
138 
113 
180 
138 
146 

Rank 

7 
3 
4.5 
6 
1 
4.5 
2 

Pupil 

I 
J 
K 
L 
M 
N 
0 

Step 5: 

Step 7: 

Rank Step 4 
difference 

Height Weight 

5.5 
4.4 
1 
7 
3 
5.5 
2 

7 
3 
4.5 
6 
1 
4.5 
2 

Σ<* 

d 

- 1 . 5 
1 

- 3 . 5 
1 
2 
1 
0 

= 0 

Sum (Σ d2) = 

Step 6 

<P 

2.25 
1 

12.25 
1 
4 
1 
0 

21.5 
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Step 8: Number of pupils (N) = 7 

# 2 = (7)2 = 49 

c , o > i 6Σ<*2 - 6(21.5) 129 
Step 0: r = 1 — -r = 1 — —— — = 1 N(N* - 1) 7(49 - 1) 7(48) 

129 
r' = 1 - ^ = 1 - .38 = .62* 

336 

* A correction should be made in case of a large number of ties in rank. The 
formula is : 

2 ν / Σ χ'Σν* 1 2 

„ ιφ - î) 
Σ Τχ = sum of ——; ί = number of pupils tied at one rank 

With the same example (where there was only one tie in each variable), the 
correlation coefficient would be as follows. 

2 ( 4 - 1 ) _6 
2" Tt 12 12 5 ' 2 ' * 

Σ _ 2 ( 4 - 1 ) 
2- ?» - 1 2 - .o 

Σ χ ΐ =
 N ^ - » _ Σ r.; N = 7; ΛΓ> = 49 

Σ ι , = ^ - ' ) . , 5 ^ . , 5 = 2 8 . , 5 = 2 7 , 5 
^ 12 12 

Σΐ/ί = ^_ ιϋ_ Σ η 

Σ j,« = ^ - .5 = 28 - .5 = 27.5 
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The correlation has quantified the relationship between height and 
weight for this group by determining a numerical value. Thus on a 
scale from 0 (no relationship) to 1.00 (perfect relationship), the 
relationship is .62. The fact that the correlation is .62 tells us that 
there is a moderate relationship between these two variables. The 
fact that it is + means that there is a direct (positive) relationship, 
in that the larger one variable is, the larger the other tends to be. 

Difference between Groups 

One of the important functions of statistical procedures is to com-
pare the performance of pupils in different classes and/or experimental 
treatments. The simplest way is to compare the group medians to see 
which group has the highest "typical score." The teacher who is 
knowledgeable about the test being used can then evaluate whether 
the differences are large enough to indicate that the groups are 
"really different." For example, a difference of 10 seconds on a two-
mile run would be considered a small difference, whereas a difference 
of 10 seconds on a 220-yard run would be considerable. In general, 
one would evaluate the difference in terms of (1) the magnitude of a 
typical score (10 seconds would be a much smaller percentage of total 
time on the two-mile run than on the 220-yard dash) ; (2) the normal 
fluctuation on this test (due to measurement error, intraindividual 
variation, testing conditions, etc.); and (3) the number of pupils in 
the group (in general, larger groups lend more importance to the 
same amount of difference). 

Since it wTould be difficult, if not impossible, for each teacher to be 

, Σ * + Σ v2 - Σ & v 
r' _ _ _ — . 2^ a2 = see above 

2 v £ > 2 Σν* 
, 27.5 + 27.5 - 21.5 55 - 21.5 33.5 

r' = — = ■ = = .61 
2 V (27.5) (27.5) 2(27.5) 55 

Thus, in this case, there was little difference in the r' when correcting for ties. 
However, when there are large numbers of ties, the correction should be made, 
since the normal formula will overestimate the relationship (that is, the r' will 
be larger than it should be). 
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thoroughly familiar with every test, its typical score, normal fluctua-
tion, and relation to sample size, there are significance tests that can 
be used to assist in the evaluation of group differences. Appropriate 
statistical tools permit the teacher to estimate the probability level 
of group differences. By taking into account the variation of the test 
and pupils used, one can then say that a certain difference between 
these groups could be expected to happen simply by chance (that is, 
because of these fluctuations rather than real differences) a certain 
percent of the time. 

This probability statement is called the level of significance. Thus, 
if it were determined (by statistical procedure) that for two groups 
the difference of 5 seconds on the 600-yard run would occur by chance 
90% of the time, it could be said that these groups differed at the .90 
level of significance and one wTould not have any reason to conclude 
that the groups were different. I t might be determined that a differ-
ence of 35 seconds on the 600-yard run between two other groups 
would have occurred by chance 1% of the time. Then this difference 
would be at the .01 level of significance and could be the basis for a 
conclusion that the two groups were different. 

Two INDEPENDENT GROUPS 

To illustrate these points, let us compare two high school classes 
on the number of pull-ups after five weeks of calisthenics and volley-
ball (Group I) and after five weeks of volleyball only (Group II). 
The scores for the pupils prior to and after the five-week unit are 
shown on page 64. 

The medians of the two groups are equal (2.5) prior to the unit. 
Each group had an increased number of pull-ups following the units. 
However, the group that included calisthenics along with volleyball 
increased more (median of 7 as compared with 4 for the volleyball-only 
group). The statistical question that can be asked is, What is the 
probability that the difference between the groups after the unit is 
due to normal fluctuations of the test and pupils? Several statistical 
tools can be employed to answer this question, one of which will be 
explained in detail. 

Steps in Computation of Mann-Whitney U Test (to determine differ-
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ence between two different and independent groups on a test which 
has at least rank order scores) 

Group I : 

Subject 

A 
B 
C 
D 
E 
F 
G 
H 

Median 

Calisthenics and volleyball 

Pull-
(maximum 

Pre 

6 
1 
3 
0 
4 
6 
2 
0 

2.5 

■ups 
L number) 

Post 

9 
7 
3 
6 
8 

13 
7 
0 

7 

Group II : Volleyball only 

Subject 

P 
Q 
R 
S 
T 
u V 
w 

Pull· ■ups 
(maximum number) 

Pre 

1 
2 
6 
8 
3 
3 
0 
2 

2.5 

Post 

4 
5 
7 
5 
3 
4 
0 
4 

4 

1. Rank the scores for all the pupils (both groups, 1-16 in this 
case) 

2. Sum the rank for Group I (Äi) 
3. Total number of pupils (NT) = number in Group I (iVi) + 

number in Group II (Nu) 
4. Find U (symbol for Mann-Whitney U Test) 

TT ΛΓ AT I A W + 1) D 

5. Find z (to determine probability) 

v M i l 

z = 

4 (ΝτΝη)(Ντ + Nu + 1) 
12 
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6. Compare z to Appendix C for probability. (It should be 
noted that the z table is not appropriate for samples under 
25 to 30. The small samples used in the examples are for ease 
of computation. It is assumed that most physical education 
classes will be dealing with larger groups.) 

Example 

Stepl: 

Number Score Rank Number Score Rank 

1 
2 
3 
4 
5 
6 
7 
8 

13 
9 
8 
7 
7 
7 
6 
5 

1 
2 
3 
5 
5 
5 
7 
8.5 

9 
10 
11 
12 
13 
14 
15 
16 

5 
4 
4 
4 
3 
3 
0 
0 

8.5 
11 
11 
11 
13.5 
13.5 
15.5 
15.5 

Step 2: 

Group I Group II 

Subject 

A 
B 
C 
D 
E 
F 
G 
H 

Score 

9 
7 
3 
6 
8 

13 
7 
0 

Ri 

Rank 

2 
5 

13.5 
7 
3 
1 
5 

15.5 

= 52.0 

Subject 

P 
Q 
R 
S 
T 

u 
V 

w 

Score 

4 
5 
7 
5 
3 
4 
0 
4 

An 

Rank 

11 
8.5 
5 
8.5 

13.5 
11 
15.5 
11 

= 84.0 
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Step 3: Ντ = Ντ + Nu = 8 + 8 = 16 

Step 4: tf = i W „ + ^ + ^ - Ar 

U = (8)(8) + 8 ( 8 * X) - 52.0; 

Z7 = 64 + ^ - 52 = 64 + 36 - 52 = 100 - 52 = 48 

£1 = 48 

-Step 5: rr _ ^ I ^ I I C / -

z = 

V' 

48 
z = 

(JVi)(iVii)(iVi + # n + 1) 
12 

(8) (8) 

4 (8) (8) (8 + 8 + 1) 
12 

16 16 

. o 6 4 

4 8 - ¥ 

/(64)(17) 
V - l 2 ~ 

48 - 3 2 

/l088 
VIT 

V9Ö67 9.52 

z = 1.68f 

Step 6: p < .0465 

* Note that, if An is used in place of Äi, we have U = 16 instead of 48; when 
that is inserted into the formula for z, then the numerator becomes 16 — 32 = 
— 16 (instead of 48 — 32 = +16). Therefore, the absolute value of z and the 
corresponding probability level remain the same. Thus it doesn't make any 
difference which group is used as Group I. 

t In case of a large number of ties in scores, the following correction can be 
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made in the z formula : 
_ NiNn 

\( ΝτΝη \ (NT* - NT\ _T 

\\NT{NT-1))\ 12 / ^ 

*3 - < 
12 

£ = number of pupils tied at any one rank 

In this specific example: 

Number of 
pupils Tied score 

3 7 
2 5 
3 4 
2 3 
2 0 

t = 3; 2; 3; 2; 2 (3)3 = 27 (2)3 = 8 

x- ™ (3)8 - 3 (2)3 - 2 33 - 3 23 - 2 23 - 2 

^ 12 12 T 12 12 12 

Σ T = 5.5 
48 - 32 16 

/ / 64 \ /l63 - 16\ /ô4 /408θ\ r „ 

16 
V(.27) (340) - 5.5 

16 16 16 
= 1.72 

V91.80 - 5.5 V86.30 9.29 

p < .0427 

It should be noted that the correction for ties increases the z, although only 
slightly in spite of a large number of ties; therefore, for all practical purposes, 
there is no need to make a correction for ties except for very extreme cases. 
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It would then be concluded that Group 1 was better on ability to 
do pull-ups at the .05 level of significance, which means that a differ-
ence this large between the groups would occur by chance (with this 
test and these fluctuations) less than 5% of the time. Thus, the 
difference appears to be a real difference between the groups rather 
than normal or chance fluctuations. 

Two PAIRED GROUPS 

The Mann-Whitney U Test determines the differences between two 
independent groups. If one wants to compare two groups made up of 
matched pairs (each person in Group I is matched with one person 
in Group II), then the Wilcoxon Matched-Pairs Signed Rank Test 
(called by the misnomer One-Way Analysis of Variance) can be used. 
It can also be used to compare the same group at two different testing 
sessions (within-group comparison to test systematic changes in 
reliability, or changes due to a particular class or experimental treat-
ment) in which each pupil is matched against himself. In most cases, 
the between-group comparison is more important than a within-group 
comparison. That is, the better question is, Did this group change 
more than a control group or a similar group with a different class, 
rather than, Did the group change? The disadvantage of a within-
group comparison is that there are several possible reasons for any 
change that is found (was the change due to the class, or to retaking 
the test, or to a change in weather, or to a change in the way the test 
was administered, or to a normal change in growth? etc.). There is no 
way to attribute the change to the experimental treatment except by 
comparing the group to a similar group that was tested at the same 
time but did not have the same treatment. Therefore all factors are 
controlled except for one—the experimental variable. 

To illustrate this significance test, pupils who scored the same from 
Groups I and II on pull-ups prior to the five-week unit are used as the 
pairs. The significance test will be used to determine if their scores 
after the five-week unit are significantly different after having been 
exposed to different classes. 
Steps in Computation of Wilcoxon Matched-Pairs Signed Rank Test 
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(to determine difference between two groups consisting of paired 
pupils) 

Group I: Calisthenics and volleyball Group II: Volleyball only 

Pull-ups Pull-ups 
(maximum number) (maximum number) 

Subject 

A 
B 
C 
G 
H 

Median 

Pre 

6 
1 
3 
2 
0 

2 

Post 

9 
7 
3 
7 
0 

7 

Subject 

R 
P 
U 
Q 
V 

Pre 

6 
1 
3 
2 
0 

2 

Post 

7 
4 
4 
5 
0 

4 

1. Determine the difference (d) between each pair (indicate + 
or — and always subtract Group II from Group I) 

2. Rank the d's according to the size of the number (absolute 
value) without regard to the sign. In case of ties, use the 
median (or average) 

3. Assign the appropriate sign ( + or — ) to the ranks (taken from 
the sign of the d) 

4. N = number of d's not equal to 0 (determined by counting 
all d's that have either + or — sign) ; in other words, omit all 
d's = 0 

5. Sum the positive ( + ) and negative (—) ranks separately 
6. T = the smaller sum, from step 5 

T N(N + 1) 
4 

7. z = 
JN(N + 1)(2JV + 1) 

\ 24 

8. p determined from Appendix C 
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Example 

Subject 

A 
B 
C 
G 
H 

Step 4: 

Step 5: 

Pull-ups Subject Pull-ups 

9 R 7 
7 P 4 
3 U 4 
7 Q 5 
0 V 0 

Number of nonzero d's 

Σ + ranks 

Stepl 
d 

+ 2 
+ 3 
- 1 
+ 2 

0 

Step 2 
Ranks 

2.5 
1 
4 
2.5 

4 

StepS 

+ 
Ranks Ranks 

+2 .5 
+ 1.0 

- 4 
+2 .5 

6 

Step 6: 

Σ — ranks 4 

T = 4.0 (the smaller sum; note that sign is dropped) 

Step 7: 

4 . 0 -
4(4 + 1) 

4 -
20 

4 - 5 
z = 

/4(4 + 1)[2(4) + 1] /20(9) jm 
> 24 v 24 ^ 2 4 

- 1 
2.74 = -.365 

z = -.365 

Step 8: p < .3575 

The probability of a difference this large occurring by chance 
between those two paired groups is about 36%. Thus, there is little 
evidence that these groups are different on pull-ups as a result of the 
addition of calisthenics for five weeks. 
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THREE OR MORE INDEPENDENT GROUPS 

This same principle can be applied to different situations. For 
example, if one wanted to compare more than two independent groups, 
the following procedure could be used with the same Groups I and 
II, adding Group III which had calisthenics for the five-week unit. 

Group I : Calisthenics 
and volleyball 

Subject 

A 
B 
C 
D 
E 
F 
G 
H 

Median 

Pull-ups 
post test 

(maximum 
number) 

9 
7 
3 
6 
8 

13 
7 
0 

7 

Group II : 
Volleyball only 

Pull-ups 

Subject 

P 
Q 
R 
S 
T 

u 
V 

w 

post test 
(maximum 
number) 

4 
5 
7 
5 
3 
4 
0 
4 

4 

Group III : 
Calisth 

Subject 

I 
J 
K 
L 
M 
N 
0 

lenics only 

Pull-ups 
post test 

(maximum 
number) 

3 
12 
4 
6 

13 
6 
9 

6 

Steps in Computation of Kruskal-Wallis Test (to determine differences 
in more than two independent groups on tests with at least rank 
order scores) 

1. Rank the scores for all the subjects (from all the groups) 
(1-23 in this case) 

2. Determine the sum of ranks (R) for each group 
3. Determine R2/N for each group 
4. AddalltheÄViV: 
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5. NT = number of all subjects in all groups: NT = Ni + 
Nn + Nin 

6. Find H by this formula: 

»-lïJïTT^-Wr + n 
7. Compare to chi-square table for significance level with degrees 

of freedom* = 1 less than number of groups (fc — 1, where 
k = number of groups) 

Example 

Step 1: 

Number 
(1-23) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Score 
(on 

pull-ups) 

13 
13 
12 
9 
9 
8 
7 
7 
7 
6 
6 
6 

Rank 

1.5 
1.5 
3 
4.5 
4.5 
6 
8 
8 
8 

11 
11 
11 

Number 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Score 

5 
5 
4 
4 
4 
4 
3 
3 
3 
0 
0 

Rank 

13.5 
13.5 
16.5 
16.5 
16.5 
16.5 
20 
20 
20 
22.5 
22.5 

* Degrees of freedom (df ) is a term that is used with many statistical procedures 
in determining the probability of the statistical results occurring by chance. The 
degrees of freedom are determined by the restrictions placed on the observa-
tions; in the simpler procedures, there is only one restriction, so that the df = 
k — 1, or 1 less than the number of groups. The concept could be illustrated by 
saying that one had to choose two numbers whose sum was equal to 10. Obvi-
ously, any number could be chosen for the first number, but once the first number 
was chosen, there would be no choice for the second one (thus 1 degree of 
freedom). 
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Step 2: 

Group I Group II Group III 

Subject Score Rank Subject Score Rank Subject Score Rank 

A 
B 
C 
D 
E 
F 
G 
H 

R (sum 
of ranks) 

9 
7 
3 
6 
8 

13 
7 
0 

4.5 
8 

20 
11 
6 
1.5 
8 

22.5 

81.5 

P 
Q 
R 
S 
T 

u 
V 

w 

4 
5 
7 
5 
3 
4 
0 
4 

16.5 
13.5 
8 

13.5 
20 
16.5 
22.5 
16.5 

127.0 

I 
J 
K 
L 
M 
N 
0 

3 
12 
4 
6 

13 
6 
9 

20 
3 

16.5 
11 
1.5 

11 
4.5 

67.5 

Step 3: 

Group R Ri N R*/N 

I 81.5 6642.25 8 830.3 
II 127.0 16129.00 8 2016.1 

III 67.5 4556.25 7 650.9 

Step 4: E W = 3497.3 
Step 5: NT (for all groups) = 8 + 8 + 7 = 23 

Step 6: H = [12/ΛΓ(ΛΓ + 1)] Σ &/Ν - 3(ΛΓΓ + 1) 
H = [12/23(24)](3497.3) - 3(24) = 76.03 - 72 = 4.03* 

Step 7: The probability of H is found in chi square (χ2) (see 
Appendix D). In this case, it is 4.03, p < .20, which 
means that a difference this large among these three 
groups could be expected to occur by chance less than 
20% of the time. 

* In case of a large number of ties, the following correction can be made in 
finding #,as shown on the following page: 
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12 Σ ? - » ^ + ΐ) Ντ(Ντ + 1) Ni 
H = 

i - * > 
ΛΓΓ3 _ ^ Γ 

T7 = t* - t 

t = number of pupils tied at one score 
In this specific case : 

Number 
of pupils 

2 
2 
3 
3 
2 
4 
3 
2 

Score 

13 
9 
7 
6 
5 
4 
3 
0 

* = 2 ;2 ;3 ;3 ;2 ;4 ;3 ;2 
T = 23 - 2; 23 - 2; 38 - 3; 33 - 3; 23 - 2; 43 - 4; 33 - 3; 23 - 2 
7̂  = 6 + 6 + 24 + 24 + 6 + 60 + 2 4 + 6 
T = 156 

1 2 (3497.3) - 3 (24) — (3497.3) - 72 
23(24) 46 

H = — 
156 156 

1 - — — 1 233 - 23 12,144 

„ 76.03 - 72 4.03 A _ 
H = = = 4.08 

1 - 0.0128 .987 

H = 4.08; p < .20 

As in the Mann-Whitney U test, there was a very slight increase (4.03 to 4.08) 
in H after correcting for the ties. Therefore, the correction does not need to be 
used except in extreme cases. 
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In this case, one could conclude that the difference among the 
three groups occurred at the .20 level of significance, which means 
that one could expect a difference this large to occur by chance 20% 
of the time. Thus, we would not be as certain that the differences 
among the three groups were real differences as we could be con-
cerning the difference between Groups I and II, which was significant 
at the .05 level. 

Parametric versus Nonparametric Statistical Procedures 

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

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



76 5. Interpretation of Test Scores 

A summary of parametric and nonparametric statistics is given 
in Table 5.1. 

TABLE 5.1 

Summary of Parametric and Nonparametric Statistics 

Statistical 
Topic 

Assumptions 

Scoring 
Central tendency 
Variability 
Correlation 
Significance tests 
Two independent 

samples 
Two related samples 

More than two 
independent samples 

More than two related 
samples 

Conclusions 

Parametric" 

Random sample from 
normally distributed 
population 

At least equal interval 
Mean 
z, s.d. 
Pearson r 

t for independent groups 

paired t 

Analysis of variance 
(ANOVA) 

Repeated measures 
ANOVA6 

Back to population 

Nonparametric 

Rank order 
Median 
Percentile, quartile 
Spearman rho, r' 

Mann-Whitney U 

Wilcoxon Matched-Pairs 
Signed Rank 

Kruskal-Wallis 

Friedman6 

Only for sample 

° See Chapter 6. 
b Not included in this book but available in statistical textbooks (see references 

for chapter 6). 

Experimental Design 

A more crucial problem to the importance of a study is the design 
used. It has to be set up so that there is some chance of answering 
the questions(s) being asked. For example, if one is interested in 
determining the cardiovascular changes made by a six-week unit of 
soccer, the first thought might be to simply measure a soccer class on 
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a cardiovascular test prior to and at the conclusion of the unit, and 
then attribute any changes to the soccer unit. Unfortunately, in this 
type of design there is no way to discover what caused the change. I t 
could have been due to soccer, to a change in testing conditions, to a 
change in weather, to the normal growth and development of the 
pupils, to simply being in group activity, to learning how to take the 
test (many physical education tests can show changes due to retaking 
the test), to improved motivation (many of the performance tests 
depend in part on will power), or to a combination of several of these 
components. How can that part of the change due to soccer be 
identified? One way is to test a group of similar pupils who do not 
take the soccer unit (control group). It would be advantageous if the 
control group could be involved in a team game (other than soccer). 
In other words, the control group could be expected to make changes 
due to weather, testing situation, retaking the test, group activity, 
etc., so that any change made by the soccer group that was greater 
than the change made by the control group could be attributed to the 
soccer unit. Thus, if the two-mile run was used for the cardiovascular 
test and the soccer group changed from 15:30 minutes to 13:00 
minutes and the control group from 15:30 minutes to 14:30 minutes, 
we could conclude that 1 minute of improvement was due to a com-
bination of factors not related to soccer (such as those listed above) 
and that 1 | minutes of improvement was due to the soccer.* 

In this example, the groups started at the same level on the two-
mile run. In such a case, one can analyze the post test and attribute 
any differences to the difference in the treatment. If the groups are 
not equal at the beginning, then the initial differences must be taken 
into account in discussing the final differences. The more nearly the 
groups are equal at the beginning, the more confidence one can place 
in the results in that this is some evidence that the groups came from 
the same population. Some procedures to correct for initial differences 
are available (such as analysis of covariance), but they are beyond 
the scope of this text. 

* This example is an oversimplification, since it disregards errors. A complete 
discussion of experimental design is beyond the scope of this book; however, 
many problems could be avoided if professional advice concerning design were 
solicited prior to the study being undertaken. 
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Summary 

Statistical procedures are designed to assist evaluation by esti-
mating typical score, normal fluctuation, relationship between tests, 
and difference between groups. These questions are always answered 
in terms of particular groups. Simple (nonparametric) statistical 
procedures are used to illustrate one of the ways these analyses of 
test scores can be accomplished. More precise, and more complex, 
statistical procedures (parametric) to answer the same questions are 
presented in Chapter 6. In general, the nonparametric statistical 
procedures are more appropriate for most physical education testing 
situations, whereas the parametric procedures are more often used in 
established research stations. Preplanning of the design to be used to 
answer these questions is essential. 

Problems 

1. Measure the weight of each class member. 
2. Select a sample from the class that will be representative of 

different weights. 
3. Determine the median and percentile scores for the entire class 

and for the sample. How well does the sample represent the 
class? 

4. Determine reliability for the sample. 
5. Measure the height of the sample. What is the relationship 

between height and weight? 
6. Divide the class into half according to height. Take a random 

sample from each half. On the basis of these samples, what is the 
difference in body weight for persons of different height? 

Reference 
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Parametric Statistics 

The statistical procedures used in Chapter 5 (median, percentile, 
rank order correlation, Mann-Whitney U test, Wilcoxon Paired-
Group test, and Kruskal-Wallis test) have all been nonparametric 
statistics. These statistical tools can be used with rank order data; 
they do not presuppose rigid sampling procedures from large popula-
tions or certain distributions of test scores. In general, they are more 
appropriate for the nonlaboratory situations generally found in 
education. 

The more traditional approach to statistical analysis is based on 
selecting samples from a population that meet certain prerequisites. 
The populations used are assumed to be normally distributed and 
have similar variance. The groups are expected to be randomly 
selected and the tests to be scored in an equal interval scale. If these 
assumptions are met, the parametric statistics are more precise than 
the nonparametric procedures and should be employed. In addition, 
many of the parametric statistical procedures appear to be quite 
good even when some of the basic assumptions are not met. 
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Central Tendency and Variability 

The parametric methods for determining the average score and 
degree of variability (fluctuation) are the mean (X) and the standard 
deviation (s.d.), respectively. From the same example that was used 
for the nonparametric methods (median and percentile), the mean and 
standard deviation are as follows. 

STEPS IN COMPUTATION OF THE MEAN (X) 

1. Sum all scores: ( Σ X) 
2. N = number of pupils 
3. Divide sum of scores by number of pupils: X = Σ X/N 

Example 

600-yard run time 
(seconds) 

Pupil 

A 
B 
C 
D 
E 
F 
G 
H 

X 

110 
129 
119 
127 
97 
122 
113 
123 

Stepl: ΣΧ= 940 

Step 2: JV = 8 
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Stop*: Χ = ψ = ^ = 117.5 

STEPS IN COMPUTATION OF THE STANDARD DEVIATION (s.d.) 

1. Sum all scores: ( Σ X) 
2. Square Σ * : ( Σ * ) 2 

3. Square each score: (X2) 
4. A d d X 2 : ( E * 2 ) 
5. N = number of pupils 
6. Divide ( Σ X)2 by N: ( Σ W # 
7. Subtract (ΣΧ)2/ΛΓ from Σ * 2 : Swn of squares (SS) = 

Σ X2 - ( Σ *)2/W 
8. Divide sum of squares by N — 1: Fanance (s2) = SS/(N — 1) 
9. Find square root of variance: Standard deviation (s.d., or s) = 

Vs2 

600-yard run time 
(seconds) 

Pupil 

A 
B 
C 
D 
E 
F 
G 
H 

X 

110 
129 
119 
127 
97 
122 
113 
123 

X2 (Step 

12,100 
16,641 
14,161 
16,129 
9,409 
14,884 
12,769 
15,129 

Stepl: ΣΧ= 940 

Step 2: ( Σ X)2 = (940)2 = 883,600 

Step 4: Σ X2 = 111,222 

Example 
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Step 5: 

Step 6: 

Step 7: 

Step 8: 

Step 9: 

JV = 8 

( £ X)2 883,600 
N 8 

= 110,450 

Sum of squares (SS) = E X2 - ^ p ~ = 111,222 -

110,450 = 772 

Si Si 772 
Variance (s2) = — = — = 110.29 

N - 1 7 

Standard deviation (s.d.) = Λ/S 2 = V110.29 = 10.5 

Normal Curve 

The probabilities used in connection with most statistical pro-
cedures are based on the assumption of a normal distribution (normal 
curve). Many variables do appear to be normally distributed in large 
groups. The table in Appendix C can be used to determine the proba-
bility of scores falling a certain number of standard deviations above 
or below the mean. Figure 6.1 illustrates a normal curve. It can be seen 

z(s.d.) -3 -2 -1 0 +1 +2 +3 
(Mean) 

Raw score* 86 96.5 107 117.5 128 138.5 149 

Fig 6.1. Normal curve based on mean and standard deviation for 600-yard run. 
It can be seen that in a normal curve 68% of the scores fall between —1 and 
+ 1 s.d.; about 96% between + 2 and —2 s.d.; and over 99% between + 3 and 
—3 s.d. * With a mean of 117.5 and a standard deviation of 10.5, 1 s.d. above 
the mean = 117.5 + 10.5 = 128; - 1 s.d. = 117.5 - 10.5 = 107. 
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that about 68% of the pupils would normally be expected to fall 
between —1 and + 1 s.d.; 69% between —2 and + 2 s.d.; and almost 
100% between - 3 and + 3 s.d. 

Norms 

The mean and standard deviation can be used to establish norms 
which express the test score from 0 to 100 (the parametric counterpart 
of percentiles). The mean is 50 on each norm table. Three of the norm 
tables are the Standard Score Table, which has 3 s.d. above and below 
the mean; the Hull Score Table, which has 3.5 s.d. above and below 
the mean; and the McCall T-Score Table, which has 5 s.d. above and 
below the mean. Extreme scores occasionally fall off the Standard 
Score and Hull Score tables, yet the McCall T-Score Table tends to 
group all the scores within a small range in the middle. 

STEPS IN COMPUTATION OF STANDARD SCORE NORM TABLE 

1. Determine X and s.d. 
2. Assign X to be the 50 standard score 
3. Determine 0 standard score (X — 3 s.d. if lower score reflects 

poorer performance; X + 3 s.d. if lower score reflects better 
performance, as in the example). 

4. Determine 100 standard score (X + 3 s.d. if higher score 
reflects better performance; X — 3 s.d. if higher score reflects 
poor performance, as in the example). 

5. Take difference between 100 and 0 standard scores (100 
standard score — 0 standard score, or 0 — 100, depending 
on which is higher). 

6. Divide this difference between 100 and 0 standard scores into 
the number of intervals between 0 and 100 desired. (In the 
example, the norm table is established in intervals of 10: 
0, 10, 20, 30· · -90, 100. In that case the difference would be 
divided by 10.) 

7. Begin at 0 standard score, and add (or subtract) the amount 
found in step 6 for each interval. 
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Example 

Step 1: X = 117.5; s.d. = 10.5 (see previous section of chapter 
for computation) 

Step 2: 50 standard score = 117.5 
Step 3: 0 standard score = X + 3 s.d. (since lower score is better) 

0 standard score = 117.5 + 3(10.5) = 117.5 + 31.5 = 
149.0 

Step 4: 100 standard score = X - 3 s.d. = 117.5 - 3(10.5) = 
117.5 - 31.5 = 86.0 

Step 5: 0 standard score — 100 standard score = 149 — 86 = 63 
Step 6: Number of intervals to be used = 10 

Difference divided by number of intervals = 63/10 = 6.3 
Step 7: 

X - 3 s.d. 

X 

X + 3 s.d. 

Standard 
score 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

600-yard run time 
(seconds) 

86 
92.3 
98.6 

104.9 
111.2 
117.5 
123.8 
130.1 
136.4 
142.7 
149.0 

Computation 

92.3 - 6.3 
98.6 - 6.3 

104.9 - 6.3 
111.2 - 6.3 
117.5 - 6.3 
123.8 - 6.3 
130.1 - 6.3 
136.4 - 6.3 
142.7 - 6.3 
149.0 - 6.3 
X + 3 s.d. 

The same procedure would be used for the Hull Score and McCall 
T-Score tables except that, in steps 3 and 4, the standard deviation 
would be multiplied by 3.5 (for the Hull Score Table) or 5 (for the 
McCall T-Score Table). Each 10 units on the McCall T-Score Table 
is equal to 1 standard deviation. 
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With the same example, a comparison of the three types of norms 
would be as follows. 

Standard 
score 

(6 s.d.) 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

600-yard 
run 

86 
92.3 
98.6 

104.9 
111.2 
117.5 
123.8 
130.1 
136.4 
142.7 
149.0 

Hull 
score 

(7 s.d.) 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

600-yard 
run 

80.7 
88.1 
95.4 

102.8 
110.1 
117.5 
124.8 
132.2 
139.5 
146.9 
154.2 

McCall 
T-score 
(10 s.d.) 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

600-yard 
run 

65.0 
75.5 
86.0 
96.5 

107.0 
117.5 
128.0 
138.0 
149.0 
159.5 
170.0 

Norms should, of course, be based on a much larger sample. How-
ever, it is clear that the norm used will cause the scores to be more 
spread out (standard score) or more bunched together (McCall) 
depending on which is used. In large samples, the percentile table will 
approach the Standard Score Table. 

Errors 

Any score on a person includes his "true" score + his ov/n incon-
sistency (intraindividual variation) + error. The error may be caused 
by equipment, environment, psychological factors, or the tester. 
Some of the error may be constant (which can be corrected for) or 
random (cannot be predicted or corrected for). 

The importance of correcting for constant errors depends on the 
nature of the study. For example, if scales consistently weighed five 
pounds too heavy, it would not change a study of the effects of 
training on weight or the correlation between weight and other vari-
ables. However, it would be essential to make the change (correction 
for constant error) before comparison with norms. 



Correlation 89 

Random errors are not consistently in one direction (as are constant 
errors), and it is assumed that the random errors will tend to average 
out over several trials for an individual and for groups. One method 
for reporting error that can be used is the standard error of the mean, 
which is s.d./\/N. Thus, in the above example, the standard error of 
the mean S.E.£ = 10.5/ \/s = 3.71. A special case of the standard 
error of the mean is the standard error of measurement, which is 
s.d./x/ÎV of a number of trials on the same test on the same individual 
instead of one test score for a group of subjects. 

To express the error in terms of percent error for each test, the 
standard error of the mean (or measurement) is divided by the mean. 
In the example 

S F* ~ 3 71 
% error = - ^ = - 1 — = .032 or 3.2% error 

X 117.5 

Thus we would expect to have about 3 % error in anyone's score on 
the 600-yard run given under the same conditions as used with the 
pupils in this example. 

Correlation 

The most commonly used correlation coefficient is the Pearson 
Product Moment Correlation Coefficient (the parametric counterpart 
to the Spearman Rank Order). This method assumes two equal 
interval scores and is illustrated by means of the same example that 
was used for the rank order coefficient. 

STEPS IN COMPUTATION OF PEARSON PRODUCT MOMENT CORRELATION 
COEFFICIENT, r 

1. List scores for both variables for each subject: X, Y 
2. Multiply each subject's two scores: (XY) 
3. Square each score: X2, Y2 

4. Sum of all of above: Σ X Square Σ X and Σ Y: (Σ X)2 

and ( Σ Y)2 

ΣΥ 
ΣΧ2 

ΣΥ2 

ΣΧΥ 
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5. N = number of subjects 
6. Substitute in this formula: 

ΝΣΧΥ - (ΣΧ)(ΣΥ) 
r 

Example 

Pupil 

I 
J 
K 
L 
M 
N 
0 

V[N Σ X2 - (Σ Χ)2][Ν Σ 

Height (inches) 

X 
Stepl 

67 
68 
71 
65 
69 
67 
70 

X2 

StepS 

4,489 
4,624 
5,041 
4,225 
4,761 
4,489 
4,900. 

Y2 _ ( Σ F )2] 

Weight (pounds) 

Y 
Stepl 

103 
144 
138 
113 
180 
138 
146 

Y2 

StepS 

10,609 
20,736 
19,044 
12,769 
32,400 
19,044 
21,316 

XY 
Step 2 

6,901 
9,792 
9,798 
7,345 

12,420 
9,246 

10,220 

Step 4: ΣΧ ΣΧ2 ΣΥ ΣΥ2 Σ*Υ 
= 477 = 32,529 = 962 = 135,918 = 65,772 

( Σ * ) 2 s (477)2 = 227,529 ( ΣΥ)2 = (962)2 - 925,444 

Step 5: Ν = 7* 
7(65,722) - (477) (962) 

Step 6: r = 

r = 

r = 

V[7(32,529) - 227,529][7(135,918) - 925,444] 

460,054 - 458,874 
V(227,703 - 227,529) (951,426 - 925,444) 

1180 1180 1180 
V(174) (25,982) \Λ,520,868 2126.2 

r = .55 
Although a probability statement can be made about correlation, 

significant at a certain level of significance, it is not very meaningful 

* The means can be easily calculated at this point: X = ΣΧ/Ν; Χχ -
477/7 = 68.1; Xy = 962/7 = 137.4. 
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Height 70% Υ/λ////\ 70% Weight 

30% 

Fig. 6.2. Common variance (r2) between height and weight. 

in that it only means that the relationship is different from zero. A 
more meaningful evaluation of correlation is to determine the amount 
of common variance between the two tests, as determined by r2. 

In this sample, height and weight had 30.25% common variance 
(552). Another way of expressing the same point is to say that 69.75% 
of each variable was not accounted for by the other variable (1 — r2), 
or that the variables were 69.75% specific. To illustrate the point, if 
all that is measured by height (100% variance) is represented by one 
circle and all that is measured by weight by another circle, the 
correlation indicates that they would overlap 30% (Fig. 6.2). 

The amount of common variance gives a more accurate estimation 
of the relationship that exists between tests. It also shows how well 
one test can be predicted from another, or what degree of success one 
can expect when substituting one test for another one. For example, 
assume that maximum oxygen intake is a valid measure of cardio-
vascular fitness, but that we are measuring cardiovascular fitness with 
a 600-yard run. The correlation between the two squared (r2) would 
indicate the degree to which the two tests measure the same thing. 

Two Independent Groups 

The t test for the difference between independent group means (a 
parametric statistic analogous to the nonparametric Mann-Whitney 
U Test) will be illustrated by using the same data for Groups I and 
II on the pull-up test. 
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STEPS IN COMPUTATION OF t TEST FOR INDEPENDENT GROUPS 

1. Determine the mean ( Σ X/N) for the variable for each 
group: Xi, Xu 

2. Determine the sum of squares [ Σ X — ( Σ X)2/N] for the 
variable for each group: SSi, SSn 

3. Determine the number of subjects in each group: JVi, Nn 
4. Substitute in this formula: 

Xi — Xn 

// SSi + SSn \ /JL , JL\ 
A / Ui + i V I I - 2 / U i Nn) 

Example 

Stepl: 

Step 3: 

Step 2: 

Pupil 

A 
B 
C 
D 
E 
F 
G 
H 

Σ 

Xi 

Ν = 

SSi 

SSi 

Group I 

Xi 

9 
7 
3 
6 
8 

13 
7 
0 

53 

= 53/8 = 
8 

= 457 -

= 4 5 7 -

= 4 5 7 -

= 106 

(Xi)2 

81 
49 
9 

36 
64 

169 
49 
0 

457 

= 6.6 

(53)2 

8 

2809 
8 

351 

&S] 

SS} 

Group II 

Pupil 

P 
Q 
R 
S 
T 

u 
V 

w 
Σ 

Xn = 

ci = 156 

= 156 

= 156 

« = 28 

Xu (Xu)2 

4 16 
5 25 
7 49 
5 25 
3 9 
4 16 
0 0 
4 16 

32 156 

32/8 = 4.0 

(32)2 

8 

1024 
8 

- 128 
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0J , Λ 6 . 6 - 4 . 0 2.6 2.6 
Step 4: t = 

1106 + 28 / l 1\ /l34 / 2 \ 
>8 + 8 - 2 \ 8 8 / V 14 \ 8 / 

V(9.57)(.25) 

2.6 2.6 
= 1.677 

" V2.3925 " 1.55 

p < .10.* 
Thus the difference on pull-ups between Groups I and II after the 

five-week period was at the .10 level of significance. 

Two Paired Groups 

The parametric counterpart to the Wilcoxon Signed Ranks test for 
two paired groups is the t test for difference between paired groups. 
I t is illustrated by using the same test scores that were used with the 
Wilcoxon Test. The pretest scores were used to pair individual pupils. 
The post test is used in the analysis of the data to determine the 
difference between the groups. 

STEPS IN COMPUTATION OF t TEST FOR PAIRED GROUPS 

1. Take difference (d) between each pair of scores 
2. Square each difference: (d2) 
3. Sum of d: Σ d 
4. Sum of d 2 : £ d 2 

5. N = number of pupils in each group, or number of pairs 
6. Determine mean of differences (d) : d = Σ d/N 
7. Substitute in this formula to determine ipr: 

d 
t»r = 

4 Σ& - (Σ dy 
N (N-l) 

* The z table can be used for probabilities with large samples; for small samples, 
specific probabilities for the t test can be found in most statistical textbooks. 
To determine the probability from the z table, one should add the percent above 
and below the absolute value of t; in this case, the probability of scoring above 
1.677 in the z table is .047. It is also .047 probability of scoring below —1.677; 
therefore the significance level of a t = 1.677 is .047 + .047, or .094, or less than 
10%. 



Example 

Pretest, 

Group I 

Pupil Pull-up 

A 6 
B 1 
D 3 
G 2 
H 0 

Step 8: 
Step 4: 

paired subjects 

Group II 

» Pupil 

R 
P 
U 
Q 
V 

Pull-up 

6 
1 
3 
2 
0 

Group I 
(volleyball and 

calisthenics) 

Pupil 

A 
B 
D 
G 
H 

Pull-up 

9 
7 
3 
7 
0 

Posttesl 

Group II 
(volleyball only) 

Pupil 

R 
R 
U 
Q 
V 

Pull-up 

7 
4 
4 
5 
0 

Σά = 
Σ ^ = 

Slept 
d 

2 
3 

- 1 
2 
0 

6 

Step 2 
& 

4 
9 
1 
4 
0 

18 

94 
6. 

S
u

pplem
en

t 
to In

terpretation
 

of T
est S

cores 
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Step 5: 

Step 6: 

Step 7: 

N = 5 

Mean of d = ä = Σ d/N = 6/5 = 1.2 
1.2 1.2 

fpr - - -

^ i /^ 
5(5 - 1) 5(4) 

12 1-2 1-2 1onnn = = —7= = - — = 1.6333 
/ÎÔ8 V > 5 4 · 7 3 5 

<pr = 1.633; p < .20 

1.2 

V 18 - 7.2 
20 

The parametric significance test was more precise. Therefore, 
conclusions about the differences would be more cautious with the 
nonparametric test (.36 level instead of .20 level). However, if some 
of the prerequisites for the t test have not been met, perhaps a more 
cautious conclusion is warranted. 

More Than Two Independent Groups 

This one-way analysis of variance (ANOVA) can be used to deter-
mine the difference among more than two groups (analogous to the 
Kruskal-Wallis Test). Once again, the same example will be used. 

STEPS IN COMPUTATION OF ANALYSIS OF VARIANCE FOR INDEPENDENT 
GROUPS 

1. Determine sum of squares [Σ X2 — (Σ X)2/N] for all 
subjects in all groups: (SST) 

2. Determine total number of subjects: (iVV) 
3. Determine sum of scores for each group: (Σ Xi, 

Σ ^ιι · " · Σ Xk) 
4. Determine N for each group: (Λ/Ί, Nn · · · Nk) 
5. Determine sum of squares between groups (SSB) ' 
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ςς _(ΣΧύ2 , (Σ*ιι)8 ■(ΣΧΙΙΙ)1 (Σ **)2 

ύΒ Νι + Ντι ^ Νιη '" Nh 

Ντ 

6. Determine sum of squares within groups! (SSw = SST — SSB) 
7. fc = number of groups 
8. Determine degrees of freedom* for total group: (dfr = 

Λ Γ Γ - 1 ) 
9. Determine degrees of freedom for between groups: (die = k — 1) 

10. Determine degrees of freedom within groups: (dîw = 
dfr - dîB) 

11. Determine mean square (MS = SS/dî) for between, within, 
and total 

12. Determine F ratio: (F = MSB/MSW) 
Example 

Group I : 
(Calisthenics and 

volleyball) 

Pull-ups 
(post) 

Subject Xi (Xi)2 

Group II : 
(Volleyball only) 

Pull-ups 

Subject Xn (Xn)2 

Group III : 
(Calisthenics only) 

Pull-ups 

Subject Xin (X m ) 2 

A 
B 
C 
D 
E 
F 
G 
H 

9 
7 
3 
6 
8 

13 
7 
0 

81 
49 
9 

36 
64 

169 
49 
0 

P 
Q 
R 
S 
T 
u V 
w 

4 
5 
7 
5 
3 
4 
0 
4 

16 
25 
49 
25 
9 

16 
0 

16 

I 
J 
K 
L 
M 
N 
0 

3 
12 
4 
6 

13 
6 
9 

9 
144 
16 
36 

169 
36 
81 

Step 3: £ X i £ X n £ X i n 
= 53 457 = 32 156 = 53 491 

* Degrees of freedom (df) is a term that is used with many statistical pro-
cedures in determining the probability of the statistical result occurring by 
chance. The degrees of freedom are determined by the restrictions placed on the 
observations. There is only one restriction in the simpler procedures, so that 
df = iV — 1, ork — 1. The concept could be illustrated by choosing two numbers 
whose sum is equal to 10. Obviously, any number could be chosen for the first 
number, but once the first number was chosen, there would be no choice for the 
second number (thus N — 1, or 1 degree of freedom). 
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Step 4: 

Step 2: 

Step 1: 

Step 5: 

JVi = 8 Nu = 8 

ΣΧτ= (53 + 32 + 53) = 138 

£ (Χτ)2 = (457 + 156 + 491) = 1104 

Ντ = (8 + 8 + 7) = 23 

ssT = 1104 - » = 1104 - ^ 0 4 4 

Νιη= 7 

23 

= 1104 - 828 = 276 

23 

(53)» (32)2 ( 5 3 ) 2 ( 1 3 8 ) 2 

2809 1024 2809 19094 
8 8 7 23 

SSB = 351.1 + 128.0 + 401.3 - 828 

= 880.4 - 828 = 52.4 

Step 6: 

Step 7: 

Step 8: 

Step 9: 

Step 10: 

SSw = 276 - 52.4 = 223.6 

k = number of groups = 3 

Degrees of freedom = df; dfr = N — 1; 

N = total number of pupils 

df* = k — 1; k = number of 
groups 

dîw = dfr — diß 

ANOVA Summary 

Step 11 Step 12 

Source SS df MS = SS/àî F = MSB/MSW 

Between 52.4 2 26.2 2.34 
Within 223.6 20 11.2 

Total: 276 22 
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When this is compared with a probability table for F ratios (a 
probability table for the F ratio can be found in most statistical text-
books), the probability (p) would be less than the .25 level of signifi-
cance. The F ratio represents an estimate of the variance between the 
groups over the variance within the groups. The larger the ratio 
(more variance between, less variance within), the more confident one 
would be that there were real differences among the groups. 

Summary 

Parametric statistical procedures for answering the questions raised 
in Chapter 5 are included as an option for those professors and/or 
students who choose to work their examples and/or problems with 
those methods rather than the simpler nonparametric methods 
presented in Chapter 5. This chapter may be omitted, or used instead 
of specific portions in Chapter 5. 

Problems 

The problems are the same as for Chapter 5. The option is whether 
to work them with the nonparametric statistical procedures given in 
Chapter 5 or the parametric statistical procedures given in this 
chapter. 
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1 2 3 4 
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Rating Scale: A = Excellent 
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D = Slow progress 
E = Unsatisfactory progress 
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One of the functions of testing is to determine the pupiPs achieve-
ment of the objectives of a particular course. This evaluation of the 
pupil can enhance self-understanding, provide a means of evaluating 
the effectiveness of the teacher, as well as establish a basis for the 
pupil's grade. 

Grading 

The following questions need to be answered before any grading 
plan can be established for a class. 

1. What are the objectives of the course? 
2. What will be included in the physical education grade? 
3. What grading system will be used? 
4. Will grades be assigned on the basis of final performance or improvement? 
5. Will performance (or improvement) be graded on the basis of set standards or 

the "curve"? 
6. How will the handicapped be graded? 
7. What will be done to achieve acceptance for the grading plan? 
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Objectives 

Grades should be based on the achievement of the objectives of the 
course or unit being graded, with added weight given to the more 
important objectives. A prerequisite to the development of a sound 
grading plan is a value judgment made in terms of the importance of 
the objectives. The relative importance of the objectives will be 
determined by the priorities set by the department and by the 
individual teacher for the specific unit being taught. Although there 
will always be disagreement and debate on the relative importance of 
the objectives, it is generally accepted that a grading plan should be 
based on the objectives thought to be important. 

Attending class, wearing a uniform in a certain way, having hair 
cut in a certain style, speaking politely, and smiling are not generally 
listed as objectives of physical education and therefore should not 
be used as basis for a grade. There may be certain school rules that 
apply to all classes (such as attending class) which carry administra-
tive penalties for violation (such as temporary suspension) ; however, 
the physical education grade should be based solely on the pupil's 
performance related to physical education objectives. 

Tests 

The measuring devices used should be reliable, valid, easily under-
stood and administered, and not too time-consuming. The test should 
consistently give the same results for the same performance (relia-
bility). Inter- and intraindividual differences cannot be determined 
with unreliable tests, since the differences may be due to the normal 
fluctuations of the test rather than to variations between (inter) or 
within (intra) pupils. The test should measure the objective the 
teacher wants to test (validity). Invalid tests (even if reliable) lead to 
grading on irrelevant items. Tests that can be understood by the 
pupils aid the teacher in teaching about the objectives and in moti-
vating pupils to work for greater achievement. The primary emphasis 
of the class must, of course, be aimed at activities designed to help 
pupils achieve the objectives; therefore, it is important to have tests 
that are easily administered in short periods of time. 
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Objectives versus Tests 

Would that the objectives of physical education could be listed in 
one column, and reliable and valid tests that can be easily admin-
istered to large classes in short periods of time could be listed in 
another column. Until that time, there may be conflicts between 
(1) grading on the objectives and (2) using acceptable tests. The best 
test available should be used to evaluate each objective, but only 
those tests meeting acceptable standards should be used in grading. 
To illustrate this point, let us assume that we have a unit on endurance 
running, and the objectives are to (1) improve the pupil's attitude 
toward endurance running, (2) increase his cardiovascular fitness, and 
(3) improve his running skill. Assume further that the two-mile run 
has been found to be a reliable and valid test for cardiovascular fitness 
and that a rating scale for running skill has been developed which is 
reliable and has some support for its validity for this age group. Also 
assume that, after a thorough search of the literature, there does not 
seem to be an adequate test for the pupil's attitude toward endurance 
running, although one attitude inventory and a checklist of out-of-
school participation have been suggested. In this situation, we recom-
mend that the attitude inventory and checklist be used for informa-
tion but that it not be used in the grading until there is more support 
for its reliability and validity. Further, we suggest that the grade for 
this unit be based on the two-mile run time and the rating scale for 
running (proportional to the relative importance placed on the two 
objectives). In this case, one of the most important objectives 
(development of a good attitude toward running) is not reflecetd in 
the grading plan because it cannot be adequately measured. The 
alternative appears to be to use unreliable and/or invalid tests or, 
worse, haphazard guesses, subjective feelings, or unacceptable 
measurement tools that have been included far too long in physical 
education grades! 

This does not mean any decrease in emphasis on the development 
of good attitudes toward running achieved through the physical 
education class. It does mean that the grades should be based only 
on those objectives that can be adequately tested. 
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Grading System 

There are legitimate differences of opinion concerning credit-no 
credit, pass-fail, letter grades, numerical grades, and other grading 
systems. Different schools adopt different grading systems, and there 
is no "right" one to be recommended for all schools. Within the same 
school, however, there is little justification for using one system in 
one subject and another system in another subject.* If letter grades 
are considered the best grading system for English, history, mathe-
matics, and science, then letter grades should also be used for physical 
education. 

Assignment of Grades 

After deciding the tests to be used in the grading plan, the relative 
importance of each, and the grading system, one must then develop a 
specific grading plan for pupils in a specific class. There are basically 
two questions to be answered related to the assignment of grades: 
(1) Will the grade be based on final performance or on improvement? 
(2) Will the grade be assigned on the basis of comparison with a large 
sample of similar pupils (norms) or with the classmates ("curve")? 
Most of the controversy about grading involves these two questions. 
There is no general agreement or practice among schools or teachers. 

PERFORMANCE 

To assign grades on the basis of a person's performance involves 
testing his achievement at the end of the particular unit without 
regard to his potential, capabilities, or level of achievement at the 
beginning of the unit. This is the method normally used in other 
subjects at all levels and many times in university physical education 

* An obvious exception to using the same grading system for the entire school 
system would be the practice in some universities of allowing courses outside the 
student's major to be graded pass-fail. In this case, the same physical education 
class might be graded with letter grades for majors and pass-fail for nonmajors. 
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theory classes. It obviously favors those who have a good background 
in the particular subject or unit. 

IMPROVEMENT 

To assign grades on the basis of a person's improvement involves 
testing the change that has taken place as a result of a particular unit 
(determined by the difference between a pretest and a post-test). This 
method is used many times in physical education activity classes. 
It favors those who make the greatest change from the pretest (prior 
to the unit) to the post-test (after the unit). 

Pupils beginning at the lower end of the scale of a particular test 
have a greater potential for improvement than those who begin at a 
higher point on the scale. Three alternatives for compensating for this 
difference are :* 

1. Develop separate norms for various levels of initial test per-
formance. 

2. Assign points for initial performance as well as amount of 
improvement (this alternative combines both performance and 
improvement in the grade). 

3. Determine the maximum score for the test being'used. Subtract 
the individual's percentage improvement by taking the difference 
between his initial and final scores and dividing by his potential. For 
example, the potential score on the Diagonal Wall Pass Test for 
college women may be 60. Sally's initial score was 20 and her final 
score was 40. Therefore, her potential for improvement was 40 
(60 - 20), while her actual improvement was 50% [(40 - 20)/40]. 
The percentages would then be used for the grade. 

PERFORMANCE VERSUS IMPROVEMENT 

The improvement a pupil makes as a result of a physical education 
class is very important for his self-understanding and for evaluating 
the effectiveness of the teacher. It can provide motivation for future 
physical activity in and out of school. However, it is very difficult, if 

* Personal communication from Dr. Richard Pohndorf, Professor, University 
of Illinois, Urbana-Champaign. 
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not impossible, to establish a good grading plan based on improve-
ment because it requires getting a valid initial score. Most of the tests 
used in physical education are influenced by a person's motivation to 
do well. It is difficult to motivate all pupils to do their best on an 
initial test when their grade is based on the amount of improvement 
they make. Grading on improvement may encourage pupils not to do 
their best on the pretest and thus reward those who intentionally 
did not do their best. 

Another reason for grading on final performance is that this is 
consistent with the grading plans used in other subjects. This is not 
to suggest that the matter is closed and that further debate should 
not take place; however, it is suggested that it take place on a broader 
scale to include all classes—not just physical education activities. 
Most of the arguments made for and against grading on improvement 
apply equally well to mathematical skills as they do to physical skills. 

SET STANDARD VERSUS CURVE 

Regardless of whether a teacher decides to grade on final per-
formance or on improvement, certain arbitrary decisions need to be 
made in the assignment of specific grades. The basic decision is 
whether to compare these pupils against a large sample of similar 
pupils (norms) or with each other (curve). The teacher then decides 
what final score or amount of improvement will be equal to a particu-
lar grade, or what percentage of the class will get particular grades. 
If norms for the same type of group are available on the tests used in 
the grading plan, there is some advantage in using this larger sample 
for the comparison. The advantage of using a larger sample rather 
than one class is that the abilities of individual classes vary; thus a 
person's grade may depend on which semester the course was taken 
rather than on his ability to achieve the objectives. If norms are not 
available, a teacher can develop his own by giving the same tests to 
several classes and revising the norms as he adds new pupils each year. 

FLEXIBILITY 

Although a specific grading plan should be worked out in detail in 
advance, the main criterion in assigning the final grade is that it 
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should reflect the pupil's achievement of the objectives. Some feel 
that a combination of performance and improvement and/or a com-
parison with norms and the class is a more reasonable approach. For 
example, one might grade on improvement but give credit for the 
initial performance. Or one might set up tentative grades on the basis 
of norms, but modify them according to the distribution of scores 
within the specific class. The grading plan should be continually 
improved by use of more valid tests and by better arbitrary decisions 
about standards based on more information. 

PHYSICALLY HANDICAPPED 

There are no uniform practices in dealing with pupils with tem-
porary or permanent physical handicaps. Regardless of whether the 
handicapped person is in the regular class or in a separate class 
(depending largely on the handicap and the unit being conducted), 
there should be special consideration for grading on those tests that 
are affected by the particular handicap. For instance, a polio victim 
may be enrolled in a regular fencing class. When the teacher evaluates 
his skill, the pupil should be expected to exhibit all the points of the 
skill except those related to his handicap. If one leg is affected, the 
placement of that limb should be modified. Such modification should 
be preplanned according to sound principles so that the modified 
performance can be evaluated. 

Acceptance of the Grading Plan 

Acceptance of the grading plan by the parents, administration, and, 
most important, the pupils can be enhanced by communication 
before and after the course. Advance information concerning the 
basis for the grades will not only eliminate confusion concerning the 
method of grading but will also help explain the objectives of the 
class. 

Proper follow-up of the testing can provide a meaningful learning 
experience as pupils discover their performance on these tests. The 
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pupil should know the results of the tests as soon as possible, including 
a thorough discussion of correct and incorrect responses. The testing 
can provide a basis for guidance toward specific physical activities 
in and out of class. 

It is difficult not to unconsciously favor pupils who are athletes, are 
polite, come from a friend's family, or are from the same socio-
economic or racial group. If the grade is to be a reflection of the 
achievement of physical education objectives, it is imperative that 
the grading procedure be set up to eliminate possibilities for favoring 
pupils in these groups. This is the primary reason that the common 
practice of allowing a certain number of points for "attitude and 
participation" is not recommended, because these kinds of subjective 
items are most susceptible to discrimination for or against certain 
groups unrelated to their physical education performance. 

Testing and grading can hinder the physical education teacher 
and program, depending on how well it is organized, administered, 
and communicated. If the testing is logically established to test the 
objectives and is carried out efficiently with an interest in individual 
pupils, and if its nature is explained in advance to all concerned, the 
testing and grading phases of the course can help educate the pupils 
and their parents concerning the overall class and be an important 
part of the course. If, on the other hand, it appears that the testing 
is simply thrown together with confusion about the objectives, and 
with no one understanding the basis for the grades, then questions 
will be raised not only about the tests and grades but about the en-
tire course as well. 

Example of Grading Plan* 

The following example of a grading plan illustrates the steps to be 
followed in setting up a grading plan : 

1. Grades will be based on three objectives; X, F, and Z. The 

* This is one method of grading the pupils in the class. How would you grade 
them? Compare the results of your grading system with these results. 
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relative importance of these three objectives is 40% for X, 30% 
for F, and 30% for Z. 

2. The pupils will be graded A-F. 
3. The grades will be based on final performance. 
4. The grades will be based on comparison with a norm, with slight 

adjustments made for class distribution. 

Standards for Tests11 

Given. Test A (possible 80 points) to measure objective X 
Test B (possible 60 points) to measure objective Y 
Test C (possible 15 points) to measure objective Z 

Therefore: the score on A will be X.5 (for possible 40%) 
the score on B will be X.5 (for possible 30%) 
the score on C will be X2 (for possible 30%) 

Grade 

Highest 
possible 

A 

B 

C 

D 

F < 

Raw 
score 

80 

78 

70 

50 

40 

Test A 

corrected 
(Raw X .5) 

40 

39 

35 

25 

20 

R 

60 

44 

40 

34 

30 

TestB 

C 
(Raw X 

22 

20 

17 

15 

.5) 
R 

15 

9 

7 

4 

2 

TestC 

C 
(Raw X 2) 

18 

14 

8 

4 

Total 
(cor-

rected) 

100 

79 

69 

50 

39 

39 

α Based on national norms. 
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Final Grades 

Grade according to set Adjusted grade based on 
Class distribution set standard class distribution0 

77 
77 
77 
75 

72 
72 
70 
70 

68 
67 
66 
65 
65 

63 
63 

60 
60 
58 
57 
56 
55 
55 

53 
52 

46 

B 
B 
B 
B 

B 
B 
B 
B 

C 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 

D 

A 
A 
A 
A 

B 
B 
B 
B 

C 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 

D 

° Since the set standard for the grades is announced to the class prior to the unit, 
the adjustments in grade are made only to improve a pupil's grade (for example, if 
it is announced that a total score of 50 is equal to a C, then it would not be fair to 
assign pupils who scored 52 and 53 a D based on the class distribution). 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Raw 
score 
A 

66 
42 
50 
50 
66 
52 
56 
42 
70 
56 
52 
48 
46 
44 
60 
52 
40 
56 
58 
46 
60 
46 
58 
56 
58 
70 

Initial test 

Corrected 
score 
A' 

33 
21 
25 
25 
33 
26 
28 
21 
35 
28 
26 
24 
23 
22 
30 
26 
20 
28 
29 
23 
30 
23 
29 
28 
29 
35 

B 

42 
28 
34 
36 
38 
34 
36 
30 
34 
24 
34 
32 
30 
36 
36 
32 
38 
36 
42 
36 
32 
40 
24 
34 
34 
32 

B' 

21 
14 
17 
18 
19 
17 
18 
15 
17 
12 
17 
16 
15 
18 
18 
16 
19 
18 
21 
18 
16 
20 
12 
17 
17 
16 

C 

6 
1 
3 
0 
4 
6 
2 
0 
7 
3 
4 
6 
5 
1 
1 
10 
3 
5 
3 
2 
3 
2 
10 
8 
5 
6 

Raw Data for 

C 

12 
2 
6 
0 
8 
12 
4 
0 
14 
6 
8 
12 
10 
2 
2 
20 
6 
10 
6 
4 
6 
4 
20 
16 
10 
12 

Total 

66 
37 
48 
43 
60 
55 
50 
36 
66 
46 
51 
52 
48 
42 
50 
62 
45 
56 
56 
45 
52 
47 
61 
61 
56 
63 

Grading 

A 

66 
48 
56 
48 
80 
54 
62 
52 
80 
66 
58 
58 
56 
60 
72 
62 
64 
48 
80 
66 
56 
52 
62 
48 
70 
78 

A' 

33 
24 
28 
24 
40 
27 
31 
26 
40 
33 
29 
29 
28 
30 
36 
31 
32 
24 
40 
33 
28 
26 
31 
24 
35 
39 

B 

38 
34 
38 
40 
42 
44 
40 
40 
42 
36 
38 
38 
34 
40 
44 
42 
50 
48 
42 
46 
40 
38 
38 
38 
35 
44 

B' 

19 
17 
19 
20 
21 
22 
20 
20 
21 
18 
19 
19 
17 
20 
22 
21 
25 
24 
21 
23 
20 
19 
19 
19 
18 
22 

Final test 

C 

9 
7 
3 
6 
8 
13 
7 
0 
8 
3 
6 
10 
10 
4 
7 
8 
3 
2 
8 
5 
6 
5 
10 
10 
7 
5 

C 

18 
14 
6 
12 
16 
26 
14 
0 
16 
6 
12 
20 
20 
8 
14 
16 
6 
4 
16 
10 
12 
10 
20 
20 
14 
10 

Total 

70 
55 
53 
56 
77 
75 
65 
46 
77 
57 
60 
68 
65 
58 
72 
68 
63 
52 
77 
66 
60 
55 
70 
63 
67 
71 

Grade 
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Other Applications 

The focus of this chapter has been on grading students, and the 
illustrations have implied a traditional class—that is, the teacher 
determines the objectives and tests and grades the students. The 
same questions and procedures would be used if students were grading 
themselves, their peers, or their professors. Many professors and 
classes are trying to include students in more of the decision-making 
for a particular course. The point we would make is simply that the 
evaluation should be done well, regardless of who evaluates whom. 
We believe that the questions raised in this chapter are essential ones 
to be answered before an adequate evaluation can be made. 

Summary 

Evaluation of a person's achievement is illustrated by dealing with 
one application of this process—namely, grading. The following 
questions need to be answered in order to evaluate a person's achieve-
ment. 

1. What are the objectives and their relative importance? (Every-
one agrees.) 

2. What will be included in the evaluation (or grade)? We believe 
that only those objectives that can be validly measured should be 
used. 

3. What grading system should be used? We evade this question 
by encouraging the physical education grading system to be con-
sistent with others in the same school. 

4. Will the grades be assigned on the basis of final performance or 
improvement? Although improvement is very important, we recom-
mend grading on final performance because of the difficult task of 
getting valid pretest scores when grading on improvement. We also 
suggest that future debate of this topic include all classes, not just 
physical education activity classes. 

5. Will the performance (or improvement) be graded on the basis 
of set standards or the "curve"? We recommend set standards (based 
on an appropriate sample), with some flexibility for class distribution. 
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Finally, it is suggested that this whole procedure be publicized 
and used to gain acceptance for the grading plan and physical educa-
tion program. 

Problem 

Establish a specific grading plan for a physical education class. 
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a o is prior to the year's physical education program, September 
x x is following the year's program, May. 
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Since man is a complex animal consisting of many and varied parts 
and functions, assessment of his performance efficiency is also a com-
plex task. Man's systems allow for a virtually limitless array of re-
sponses which become even more numerous as they are combined in 
different ways. These different dimensions, functions, and abilities 
are not necessarily highly related. Therefore, an adequate total 
assessment of man's skills (physical performance in its broadest 
sense) and physical fitness (in its broadest sense) requires a battery 
of tests designed to measure each component of performance and 
fitness. 

Basically the question being asked is: "What is physical perform-
ance and fitness?" This is a philosophical question which requires 
certain arbitrary value judgments and therefore negates the possi-
bility of defining one answer that will meet the needs of all men for 
all time. In outlining a possible answer, many approaches might be 
used. At one extreme we might begin with specific test items and 
order them into different groupings involving common areas, reorder-
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ing the groups into even larger units until we are able to identify 
the relatively few general components which clearly identify man's 
performance and fitness. At the other end of the continuum we might 
begin with identification of the larger components (general) and by 
constantly dividing and subdividing finally cull out the specific items 
that constitute the whole. We have used the latter approach—from 
the general to the specific—because it seems to offer a concise way of 
presenting the concept of the different levels in a model for physical 
performance and fitness and not because it was judged to be the only 
valid approach. 

Hierarchical Model of Physical Performance and Fitness 

The first priority for the student in this area is to develop an under-
standing of the magnitude of the concept of performance and fitness. 
The realization that physical performance and fitness is a multi-
factored concept will allow us to make more intelligent decisions con-
cerning evaluation, help us place research findings into proper per-
spective, and remind us of the limitations of any one study or test. 
We believe that understanding this concept is so important that 
we recommend that you deal generally with all the components of 
performance and fitness prior to selection of tests to measure specific 
levels of particular components of performance and fitness. 

Since no one book, or course, can deal adequately with the whole of 
performance and fitness, the alternatives seem to be (1) to emphasize 
some of the aspects of performance and fitness in detail (in which the 
authors select certain areas to be covered—and certain ones not to 
be covered), or (2) to emphasize the overall scope of performance 
and fitness, expecting the student to select certain aspects to study in 
more depth (through additional courses, articles, books, etc.). We 
have clearly chosen the second route because we believe it is more 
important to begin with the overall scope, and because we realize 
that different individuals will decide to do their testing and research 
in different areas of performance and fitness. Thus, any selection we 
make will include irrelevant material and exclude relevant material. 
Furthermore, we have chosen to include an overview because pres-
entation of the details of the tests (and controversies) in specific 
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TABLE 8.1 

Model for Physical Performance and Fitness* 

General Factor 
I 1 1 1 1 

Body composition Efficiency Endurance Skills Sociopsychological influences 

Smaller group factor 

Smaller group factor 

Specific test items 

* This heirarchical model emphasizes the different levels represented by compo-
nents of performance and fitness. This type of model should help place different 
aspects of performance and fitness into proper perspective. Some of the components 
could be subdivided further, until separate test items for each segment of the body 
would be listed as a specific component (See Tables 8.2-8.6). The content of 
the model results from certain arbitrary value judgments; thus the specific 
content presented here must be viewed as one of many possibilities. 

aspects of performance and fitness may hinder the understanding of 
the total concept much in the same way that studying the details of 
complex statistical procedures may hinder an understanding of the 
scope and reasons for these tools. 

Although the model presented here (Table 8.1) is incomplete in that 
further subdivisions are possible, it does represent the various levels 
that are found within each major component in this type of model. 
Five major areas have been identified relative to performance and 
fitness: body composition, efficiency, endurance, skill, and socio-
psychological influences. 

Body Composition 

Body composition is important for its contribution to the attrac-
tiveness of the appearance of the body, positive health, and physical 
performance. Some prefer to have body composition as a separate 
component above three of the major components of performance and 
fitness. I t affects efficiency, endurance, and skills. In fact, many 
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"fitness tests" are made up of test items that are administered and 
scored in such a way that obese persons are penalized in all the tests. 
For example, other things being equal, an obese person will be able 
to do fewer pull-ups and dips; will run more slowly in sprints, shuttle, 
and endurance runs; and will jump a shorter distance (vertically or 
horizontally). Thus if the body composition is not taken into con-
sideration, one might be rated "poor" in power, muscular and cardio-
vascular endurance, speed, and agility simply as a result of obesity. 
In addition, many of the absolute measures of strength (for example, 
pounds of force for a particular muscle group), pulmonary function 
(for example, vital capacity in liters), and metabolism (for example, 
oxygen consumption in liters per minute) reflect primarily the size 
and composition of the person. Since body composition· is such an 
influential component, we have chosen to separate it and recommend 
that other components of performance and fitness be scored in such 
a way as to partial out the effects of body composition when possible. 

Length 

Whole body 
Sitting 
Standing 

Arms 
Lower 
Upper 
Hand 

Legs 
Lower 
Upper 
Foot 

Size 

Circumference 

Arms 
Lower 
Upper 
Wrist 

Legs 
Ankle 
Calf 
Thigh 

Trunk 
Hips 
Abdomen 
Chest 

TABLE 8.2 

Body Composition 

Weight 

> Fat Nonfat 

Bones 
Muscle 
Other 

Proportion 

Percent fat 
Height/weight 
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SIZE 

Two aspects of body composition are the length and circumference 
of various segments of the body. Length appears to be less susceptible 
to change by environmental stimuli, although activity in early child-
hood may have more effect than has been generally assumed. The 
circumference will reflect the size of the bones, muscles, or fat, de-
pending on where it is taken. For example, the circumference of the 
wrist reflects the size of the bones; the upper arm, muscle; and the 
abdomen, fat. 

WEIGHT 

Weight and overweight are concepts that continue to be widely 
used. However, the division of weight into fat and nonfat weight 
would greatly enhance the interpretation of weight. The degree of 
overfatness (obesity) is more highly related to positive health than 
the degree of overweightness. The amount of lean body mass* (active 
tissue) is an important aspect of performance. 

PROPORTION 

In comparing the changes made by an individual, the measures of 
size and weight can be used directly. However, comparison of indi-
vidual changes and their interpretation in regard to aspects of body 
composition may be enhanced by the use of various ratios based on 
these direct measurements. Percent fat (percent of total body weight 
that is fat) is easier to use and interpret than the number of pounds 
of fat, since the percent takes the total body weight into considera-
tion. The same amount of fat weight might be 10% of the body weight 
for one person and 30% for another. A less informative ratio is the 
relation between height and weight—various indices involve this 
ratio. The length and circumference of various segments of the body 
are also more easily interpreted when viewed in terms of other seg-
ments. Thus the length of one part of a limb might be expressed in 

* Since it is difficult to measure the amount of lean body mass, the usual pro-
cedure is to estimate the amount of fat and use the nonfat weight (total body-
weight — total fat weight) as an indication of the lean body mass. 
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terms of the length of the whole limb. The circumference of one por-
tion of the trunk might be used in relation to the circumference of 
other portions of the trunk. 

In other words, although size and weight are measured directly, it 
is easier to evaluate these measures by using ratios. One word of 
caution should be inserted about using ratios to evaluate changes in 
an individual. There are several possible reasons for a change or lack 
of change. For example, percent fat could be decreased by (1) an in-
crease in lean body mass with no change in fat, (2) a decrease in fat 
with no change in lean body mass, or (3) an increase in lean body 
mass with a decrease in fat. The evaluation of the program that 
brought about the change would be different depending on which of 
the three combinations caused the decrease in percent of fat. Simi-
larly, no change in percent fat could be caused by (1) no change in 
fat or lean body mass, (2) an increase in both, or (3) a decrease in 
both. Again the evaluation of the lack of change would depend on 
what actually happened to the fat and the lean body mass. If there 
are this many possibilities for a simple ratio involving only two vari-
ables, consider the number of possible explanations for more complex 
indices that combine several tests into one index! 

Efficiency 

The second major component of physical performance and fitness 
is the ability to function efficiently. Efficiency is denned as optimal 
performance with minimum effort. Although efficiency normally 
emphasizes the minimum effort (in terms of energy, movement, etc.), 
the performance cannot be ignored. For example, it would be tempt-
ing to say that person who ran 100 yards with less energy expenditure 
is a more efficient runner. However, if it took him 15 seconds longer 
to run it, it would hardly seem a desirable trait. Thus to measure 
efficiency, one normally tries to equalize the testing conditions. 

REST 

Lying in bed, sitting at a desk, and standing at a counter are not 
normally associated with "performance," but many internal activi-
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TABLE 8.3 

Efficiency 

Rest 

Circulatory 
Hormonal 
Neuromuscular 
Respiratory 

Physical 

Circulatory 
Hormonal 
Neuromuscular 
Respiratory 

Response to Stressors 

Mental 

Circulatory 
Hormonal 
Neuromuscular 
Respiratory 

Emotional 

Circulatory 
Hormonal 
Neuromuscular 
Respiratory 

ties are going on continually in these situations. Since much of a 
person's time is spent in a relatively inactive state, the ability to 
function efficiently in a resting condition is an important part of one's 
health. One way to judge a person's efficiency at rest is to measure 
physiological functions while the person is in a resting state, by testing 
the circulatory, respiratory, hormonal, and nervous systems. Persons 
in physical education and medicine have long used tests taken in rela-
tively inactive conditions as an indication of a person's health and 
fitness. 

RESPONSE TO CHANGE 

Another aspect of efficiency is the ability to adapt to external 
stimuli or Stressors, whether physical, mental, or emotional. The 
same variables used at rest can be measured during and after standard 
amounts of Stressors to determine change. This may be interpreted as 
the ability to adapt to that stressor. There is, of course, more in-
volved in response to external changes than simply the physical con-
dition of the person. The level of physical fitness, personality (for 
example, anxious persons tend to have a lower threshold to stress), 
and the nature of the situation (how threatening it is to the person) 
all interact in producing response to Stressors. Although it can be 
stated that the most efficient person can accomplish whatever is re-
quired by the situation \vith the least change from resting conditions, 
we should account for all the factors that are present. 

122 
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TABLE 8.4 

Endurance 

Muscular Cardiovascular 

Abdomen With body weight supported 
Arms Supporting body weight 
Back 
Hands 
Legs 

Endurance 

One of the elements involved in success in many physical activities 
is the ability to continue to perform over a relatively long period of 
time. This involves a minimum decrease in the level of performance. 
Endurance can be divided into muscular and cardiovascular en-
durance. 

MUSCULAR ENDURANCE 

Muscular endurance is an important consideration for many tasks. 
The specific muscle group involved varies widely with different ac-
tivities. The need for endurance is not all that is necessary for long-
distance swimming, running, cycling, cross-country skiing, rowing, 
etc., but it is obviously a prerequisite for success in such activities. 
It would be much less important in running or swimming sprints. In 
general, its importance is directly proportional to the amount of time 
spent in the activity. 

CARDIOVASCULAR ENDURANCE 

Cardiovascular endurance is the ability to continue activities that 
tax the cardiac, circulatory, and respiratory functions. It is measured 
by two types of tests : (1) measurement of functions of the body related 
to the heart, lungs, and circulation during hard work; and (2) per-
formance scores from endurance events (for example, time in a two-
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mile run). The first type of test has the advantage of measuring the 
functions related to cardiovascular function of the body, is generally 
less influenced by motivation, and can determine the various elements 
that contributed to the performance. The performance test assumes 
that persons who can perform better on endurance events do in fact 
have better cardiovascular endurance. This second type has the ad-
vantage of covering the whole performance; also it is easily admin-
istered and scored for large groups. 

Two types of work tasks have been widely used in assessing cardio-
vascular endurance regardless of whether the function or performance 
is measured—namely, tasks where the body weight is supported, 
such as work done in supine or sitting positions, and tasks where the 
body weight must be supported during the work, such as running, 
bench stepping, and hopping. 

The results of some tests have been expressed per unit of body 
weight or per unit of lean body mass. Although this helps in com-
paring and interpreting some measures whose absolute score reflects 
primarily body composition, the same precaution about ratios must 
again be stated. To illustrate the point, let us consider the commonly 
used maximum oxygen consumption, expressed in milliliters per kilo-
gram of body weight. If we assume that we have considered the many 
factors that influence oxygen consumption (heart, lungs, oxygen 
transport, condition of the muscles involved, etc.) and the factors 
that influence body weight (fat and nonfat weight), there are still 
three possible causes for an increase, decrease, or lack of change in 
the ratio (ml/kg) that must be considered before evaluating the 
change: (1) The oxygen consumption may increase, with the body 
weight staying the same; (2) the oxygen consumption may stay the 
same, with a reduction of body weight; or (3) the oxygen consump-
tion may increase and the body weight decrease. 

Skills 

Body consumption, efficiency, and endurance influence one's ability 
to perform various physical activities. There are additional under-
lying skills related to performance in many physical activities, such 
as agility, balance, flexibility, and strength. In addition, there are 
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TABLE 8.5 
Skills 
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Underlying skills 

Agility 
Balance 

Static 
Dynamic 

Flexibility 
Static 
Dynamic 

Strength 
Static 
Dynamic 
Power 

Games 

Individual versus 
Self 
Other(s) 

Group versus 
Self 
Others 

specific skills that are part of any one physical activity or game. 
These involve interaction with various rules, facilities, equipment, 
cooperation, and/or competition with other individual (s). Another 
aspect of skill performance is the medium in which the skill is per-
formed. Obviously, performing on land, performing in the water, and 
performing in the air (in or out of gravitational pull) are three very 
different "ballgames." Participation in some activities (such as most 
of the field events in track and field) require skills in more than one 
medium. 

UNDERLYING SKILLS 

We have grouped certain skills together that seem to influence 
many activities. However, these skills are relatively independent of 
each other, since they are not necessarily highly related. The skills 
included in this category are (1) agility—the ability to move quickly 
in different directions from different positions; (2) balance—the 
ability to maintain equilibrium at rest and during a series of pre-
scribed movements; (3) flexibility—the range and ease of movement 
of joints; and (4) strength—the amount of force exerted. 

Although we have used the term agility, a related concept is re-
sponse time. Response time is the time it takes to perform a certain 
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movement as quickly as possible after a certain stimulus. A dash in 
track would be one example of response time. It can be divided into 
premotor (time from stimulus until beginning of muscular action), 
motor (time from beginning of muscular action to beginning of move-
ment), and movement time (time from beginning of movement until 
the desired response is accomplished). The first two parts of response 
time (premotor and motor) are also called reaction time. Thus re-
sponse time equals reaction time plus movement time. In most cases, 
the movement time is the more critical. However, the reaction time 
obviously has a larger part in very short movements. 

Static balance is the ability to remain in one position without mov-
ing, whereas dynamic balance is the ability to perform a series of 
movements in a prescribed way (walk a line, turn, jump, hop in a 
certain sequence). Static flexibility is simply the range of motion of 
a joint, whereas dynamic flexibility is the ease of movement within 
that range. Static strength is the amount of force that can be exerted 
from one position. Dynamic strength is the amount of force through-
out a range of motion. Power is dynamic strength per unit of time. 

GAMES 

There are many ways to classify games: the number playing the 
game, the type of equipment used, the expected rewards from the 
game, the medium in which it is played, the caloric cost of playing it, 
the perceptions involved, the type of competition, etc. We have 
chosen to classify games according to whether they are played by in-
dividuals or by teams and according to how success is measured. Thus 
we have (1) the individual compared with himself (a world champion 
trying to beat his own record, or a week-end golfer trying to break 
100 for the first time) ; (2) an individual compared with another in-
dividual (the world champion trying to win the event, or the golfer 
trying to beat an opponent) ; (3) a group compared with itself (a relay 
team trying to better its best time) ; (4) a group compared with others 
(a team trying to beat another team). 

An almost limitless number of physical activities could be listed 
under each of these divisions. As illustrated in the golf and track 
examples above, some activities can appropriately be placed under 
more than one division, depending on the motives of the participant. 
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This component of a person's physical performance and fitness can 
be evaluated directly according to his ability to accomplish the goal 
for a specific activity. In addition, the elements involved in a good 
performance of a particular activity can be identified and measured 
(objective and/or subjective assessment). 

Sociopsychological Influences 

There are influences from outside and from within a person that 
determine much of his life style. These extra- and intraindividual in-
fluences may facilitate or hinder his physical performance and fitness. 
One of the recent advances in physical education research has been 
the attention given to the sociological and psychological aspects of 
performance and fitness. 

EXTRAINDIVIDUAL INFLUENCES 

The type of physical activity a person participates in appears to be 
highly related to his culture and various subcultures, such as family, 
peers, socioeconomic class, school, other institutions, and geographical 
location. Resultant differences in type and amount of physical ac-
tivity affect body composition, efficiency, endurance, and skill. 

Specific environmental conditions may also alter one's performance 
at any one time. Performance may be affected by such things as 
number and type of spectators, the reactions of others to one's per-
formance, the nature of the contest or activity, and the ability of the 
opponent. 

TABLE 8.6 

Sociopsychological Influences 

Extraindividual Intraindividual Interaction 

Family Drives Situational 
Peers Goals Long-term 
Institutional 

representatives 
Others 
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INTRAINDIVIDUAL INFLUENCES 

All people have certain basic drives. Inability to fulfill any of these 
basic needs causes that need to become a primary goal for an indi-
vidual. For example, food is the main focus of a person who is hungry. 
If the basic needs are fulfilled, then the person "selects" certain goals 
from his environment and internalizes them so that they become his 
goals. These goals are viewed as giving meaning to his life and are the 
criteria used for making decisions. The processes by which these 
goals are selected and the most important factors influencing such 
decisions have raised questions that have been and will continue to 
be widely debated. The life style that results from particular goals 
will be related to physical performance and fitness. 

INTERACTION 

These two influences (extra- and intraindividual) are not com-
pletely independent. Outside influences certainly affect the selection 
of the internalized goals. In addition, the extent of the extraindi-
vidual influences on a particular performance will depend on the type 
of intraindividual variables operating at the time. 

The components of personality are good examples of the interac-
tion between extra- and intraindividual influences. Personality is 
basically the interaction between a person's goals and his relation to 
other persons and situations. Many of the components of personality 
seem to include both situational and long-term aspects. For example, 
although a person may normally be somewhat withdrawn (intro-
verted), in certain situations he will be quite outgoing (extroverted). 

Application 

The magnitude of the scope of physical performance and fitness 
makes it absurd to search for one test that will measure fitness. Many 
tests are needed to measure the various components of performance 
and fitness. It is therefore difficult for one person or one study to 
evaluate all these components. At least three options are open to 
persons interested in this area: (1) Measure the major components 
with gross tests that do not test the parts of each component; (2) 
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concentrate on one component by attempting to test its parts (or 
perhaps on one level of one component); (3) join with a team of 
testers—each one specializing in one of the components, so that to-
gether all the components can be tested. The conclusions of a particu-
lar battery of tests or a single study should not be generalized beyond 
the component(s) and sample(s) used. Thus the findings about the 
development and maintenance of static strength in one muscle group 
cannot be automatically generalized to other components of fitness. 

Each component includes both fixed (inherited) and changeable 
(environmental) parts. It is helpful to compare a person's score with 
norms developed on persons as close to his inherited base as possible 
(same age, sex, body structure, etc.) to determine what his develop-
ment has been in the various components. It is also interesting to 
compare a person's performance and fitness against the best that has 
been obtained. However, the most important comparison is to deter-
mine the change within a person that can be made as a result of regu-
lar, vigorous physical activities. 

Again, we must emphasize that this is but one approach in the 
development of a model. An alternative approach is to identify the 
systems of the body and then determine which tests might be used 
in their assessment. Other approaches include identification of the 
needs of man as he exists within his environment and determination 
of tests that can adequately estimate his proficiency. Each approach 
has advantages and disadvantages which must be considered in their 
evaluation. Understanding the approach intended by any author or 
study permits one to more clearly put findings into perspective. 
Diversity in the literature results from differences in approach and 
different levels of the hierarchal model, as well as "true" discrep-
ancies—those that result from differences in findings and require 
further study. Therefore, a clarification by the student of the model 
being used and the level being considered will be a valuable tool in 
enhancing his understanding of the findings and in resolving some of 
the seeming disagreements in the literature—those that result from 
different approaches and different levels. He would be in the advan-
tageous position of being able to identify "real" differences rather 
than being caught in the maze of controversy due to differences in 
approach or level within the model of physical performance and 
fitness. 
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Summary 

A multifactored hierarchical model of physical performance and fit-
ness is proposed as a structure through which tests and research can 
be put into perspective. The major components of the model are body 
composition, efficiency, endurance, skills, and sociopsychological in-
fluences. It is impossible to deal with all aspects of physical perform-
ance and fitness with any one test, or in any one class; therefore, the 
need is to deal with the specific components directly. 

Problems 

1. Divide one of the five major components of performance and fitness 
into different subdivisions. 

2. Select, or develop, a test for one level of one of the components of 
performance and fitness. 

3. Analyze several "fitness tests" to determine what levels of what 
components are tested. 

4. Using a hierarchal model similar to the one in this chapter, de-
velop your own content for physical performance, and fitness. 
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Evaluation in physical education must take many forms in order 
to effectively assess the many facets involved. In addition to objective 
motor tests and subjective evaluation of play and form, knowledge 
and understanding vital to physical education must also be evaluated. 
This is best obtained through the construction and proper administra-
tion of written tests. 

There are several types of written test, including essay, short-
answer completion, alternate response, multiple choice, and matching. 
Each has advantages as well as certain "rules" for construction. 
As with any type of testing or evaluation, the value and form depend 
on the objectives of the course, the age level of the students, and the 
type of material to be covered. 

The following questions are related to the preparation of written 
tests. 

1. What material is to be covered, and what is the relative importance of each 
aspect to be included? 

2. What type of test questions will be used? 
3. What precautions and instructions are appropriate for this type of question? 
4. How can the test be evaluated and revised? 

Test Preparation 

There are no short cuts in the preparation of good written tests. The 
tester must consider the material that was covered and the time spent 
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on each portion. These factors should reflect the objectives of the 
course and should be reflected in the test content. That is, each test 
should be weighted to reflect a balance in the content that was covered 
in class. For instance, if a course covered mechanical principles and 
rules and strategies equally, these parts should have similar impor-
tance (weightings) in a written test. 

Similar importance does not necessarily mean the same number of 
questions for each area. Further consideration must be given to the 
difficulty of mastering the content. Obviously, areas of greatest 
difficulty require more instruction time and, therefore, may justifiably 
require more questions to properly evaluate that portion of the 
content. 

The purpose of the test will also be influential in its construction. 
A final test as well as one used for demonstration of course proficiency 
should be comprehensive. A test used for drill or periodic assessment 
may be more limited in scope. Regardless of purpose, the afore-
mentioned factors must be considered. 

Test Forms 

Once the content to be tested has been decided upon, the test form 
should be considered. If, in addition to content, the teacher desires to 
evaluate how the student organizes and expresses himself, essay or 
short-answer forms may be appropriate. Objective tests have the 
advantage of allowing a great deal of material to be covered in a 
relatively short time. Regardless of the form selected, much thought 
and energy must go into the development of the questions. 

ESSAY 

Since the essay test is more limited in scope than an objective 
test, the teacher must take care in the selection and wording of the 
questions. The scope must be clearly defined. Questions that have 
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received greatest acceptance in physical education are those that 
require application of information rather than pure memory. 

Example: Discuss the factors that must be considered when se-
lecting a skill test to be administered to a high school 
basketball class. 

Short-answer questions are similar to essay questions except that 
space or sentence limits may be set by the teacher and the scope may 
also be more limited. 

Example: 1. Outline the steps involved in developing a frequency 
distribution. 

2. (Basketball test) Define blocking. 

In evaluating the answers, the teacher should outline the points to 
be covered as well as developing a rationale for granting or subtracting 
points. When grading papers, the teacher should read everyone's 
answer to the first question before going to the next question. These 
procedures have the advantage of maintaining standards and guard-
ing against the familiar "halo effect." 

OBJECTIVE TESTS 

Objective tests are much more time-consuming to construct but 
have the advantage of greater reliability and ease of scoring. The 
level of question may vary from the purely factual, recall type to 
requiring the student to analyze and synthesize concepts. Since it 
takes only one to two minutes to read and answer each question, 
depending on the level being tested (see Bloom's taxonomies), more 
material can be covered. 

In writing questions, avoid "textbook" language and opinion 
questions. When negatives are involved, they should be capitalized or 
underlined so that the reader's attention is drawn to them. Negative 
questions should be used sparingly. Questions should be written to 
the level of the student, and ambiguity must be avoided. To assist 
the teacher in obtaining these objectives, it is advisable to have 
someone else read the questions before giving the test to determine 
whether the purpose of the question is clear. 
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True-False 

This type of test question should be used only when there are but 
two possible answers. Care must be taken to avoid giving clues such 
as using the words "always" or "never." 

Be certain not to have a pattern of responses such as three "true" 
followed by a set number of "false." Since the letters T and F are 
similar, if an answer sheet is not used, be certain to have the students 
use a code (1 = true; 2 = false) or write the words in their entirety. 
This avoids errors in scoring. 

One variation of a true-false test is to require all false statements to 
be corrected; another is a statement with a list of alternatives to 
which the student responds. The former is more complicated to grade 
and combines both short answer and true-false. The latter is a* true-
false question where an omission equals an error. 

Example: True The mean is affected by extremes in scores. 

Multiple Choice 

This is the most versatile form of objective test question. I t con-
sists of the stem (in question or statement form) and three to five 
alternatives (called foils or distractors) from which the student must 
select the best answer. I t is easily adapted to test degrees or depth of 
knowledge as well as the student's ability to discard incorrect answers 
while selecting the best answer. The degree of difficulty is increased 
by making the foils more homogeneous. Care must be taken to make 
each foil plausible and not to use synonyms, since, if the student does 
not select one, he automatically would not select the second, thus 
reducing the number of foils by two. 

When writing multiple-choice questions, it is easier to use simple, 
direct questions or statements. This avoids giving grammatical clues 
in the foils. The foils should be similar in length (to avoid giving clues) 
and should be alphabetized or placed in random order to assure that 
there will be no patterning in the placement of the correct response. 
If the same terminology is repeated in all the foils, those words should 
be used in the stem so that the student will not have to spend time 
reading over the same material. Foils such as "all the above" and 
"none of the above" should be used sparingly. Do not make the 
answer of one question depend on a correct previous answer. 
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At times, the use of diagrams is advantageous, but they must be 
accurate and easily read. 

Example: 
1. How is the mean determined? 

(a) f (b) ^ (c) £ ? (d) Σ * (e) Ν(ΣΧ) 

2. The scores from a test ranged from 90 (best) to 45. What is the 
real lower limit of the first interval? 

(a) 42.5 (b) 43 (c) 44.5 (d) 45 (e) 90 
Matching 

Matching questions usually involve two lists—a column on the 
left with space provided for the answer to be selected from a right-
hand column, known as the choices. There should be a minimum of 
two plausible choices for each. The right-hand column should include 
at least two choices more than the items ask for in the left-hand 
column. 

Each list should be homogeneous to avoid boredom and to save 
time for the students. The tester must specify whether each choice 
may be used more than once. Each column should be in random 
order or alphabetized to avoid giving clues. 

Example: Match the items in the right-hand column with those in 
the left-hand column, and place the appropriate letter 
in the space provided. Each choice may be used only once. 

1. Archery (a) Columbia Round 
2. Badminton (b) Distance Throw 
3. Cardiovascular (c) Dyer Backboard Test 
4. Field hockey (d) Fox Power Test 
5. Golf (e) Harvard Step Test 
6. Softball (f) Lockhart-McPherson Wall Volley Test 
7. Strength (g) Push-pull Test 
8. Swimming (h) Russell-Lange Test 
9. Tennis (i) Schmithals and French Fielding and Diving 

10. Volleyball Test 
(j) Scramble 
(k) Vanderhoof Drive Test 
(1) Vertical Jump Test 

(m) Wall Pass 



Test Forms 145 

Compilation and Scoring 

Using more than two different types of question in the same part 
of a test is a dubious practice which leads to confusion. Be certain to 
include specific instructions for each type of question used. These 
directions must include: 

1. Whether there is but one correct choice (multiple choice) 
2. Whether the best answer should be selected (multiple choice) 
3. Whether an answer may be used more than once (matching) 
4. What designation must be used for true and what for false 
5. What to do if a question is partially true (true-false) 

If the student may not write on the question paper, scratch paper 
should be provided and information to this effect must be included 
in the directions. 

What is the penalty for omissions and errors? There has been a 
great deal of controversy on whether an error should be penalized 
more heavily than an omission. Often the score is calculated by sub-
tracting the number wrong from the total number right. This practice 
is dubious, since often what may be perceived as a guess may actually 
be based on information. Therefore, this system of scoring may unduly 
penalize an informed but shy student. 

The weighting of the question should be given to indicate its 
importance. This will guide the student in determining the length of 
time he should spend on each question. 

For ease in scoring an objective test, a key should be prepared. This 
allows the tester to carefully proofread each question and also saves 
time. Preparation of a key involves using an answer sheet, marking 
the correct answers, and then cutting them out. When the key is 
placed over a completed answer sheet, wherever a mark does not 
appear in a space the answer is incorrect (multiple choice and true-
false). Be sure, however, that only one answer has been selected per 
question. In establishing a key for matching questions be certain to 
leave room so that the student's answer will appear next to the keyed 
answer for each comparison. 

Before administering a test, number all test papers consecutively 
and also number all answer sheets. When the papers are distributed, 
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the students should receive a question paper and an answer sheet 
with the same number. Then, if a problem arises which may be due to 
a misprint or confusion resulting from unclear print, the teacher can 
consult the specific corresponding test paper. 

If the test is to be timed, papers should be distributed face down to 
assure similar time lengths for all students. A signal to begin is then 
required. Students should also be kept informed as to the time the test 
ends and the time at various intervals. This is best achieved with a 
minimum of disturbance by writing on the blackboard. 

Test Difficulty and Length 

The problem of test difficulty and length is not easy to resolve. 
Many authorities believe that, in order to evaluate all levels properly, 
each test must challenge every student. Therefore, if a student receives 
full credits on a test (100 points out of 100), the teacher still does not 
know the extent of this student's knowledge. If this is the theoretical 
framework from which a teacher works, the student should be so 
informed to avoid undue frustration. 

If the teacher has designed a lengthy test to measure speed as one 
factor, this should be made known to the student and accounted for 
in the scoring. One problem encountered with this technique is that 
of the slow reader. His score would be affected by this handicap as 
well as by his knowledge in the area being tested. However, this 
factor is present in any written test situation. 

It would seem that, in addition to assessing how well the students 
have grasped the concepts being studied, written tests should indicate 
the different levels of achievement. How well a question "discrimi-
nates" and the difficulty of each question can be objectively evaluated 
by means of the item analysis to be covered in the next section. 
However, we must still consider the problem of whether each question 
should discriminate between the better and the poorer student. This 
is what is often referred to by students as trying to trick them. The 
problem the teacher faces is using time to best advantage. If he knows 
that all students have grasped a specific concept or technique, why 
should time be spent on testing this? However, if a concept is vital to 
a further understanding, how can the teacher know without testing? 
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Therefore, there may be instances when a question will not dis-
criminate. 

Item Analysis 

An item analysis is a technique for analyzing test questions by 
means of statistics. It provides the teacher with objective information 
about the difficulty and validity or discrimination of each test 
question. 

PREPARATION 

After all the tests have been scored and ordered from best to 
poorest, the top 27% (high group) and the bottom 27% (low group) 
are selected for analysis, and the remainder are put aside. Depending 
on the number of papers, an equal number at each extreme close to 
27% may provide similar results and may facilitate later computa-
tions. The technique of evaluating only the extremes is known as the 
Flanagan method. 

Work sheets are prepared, listing question numbers in the left-hand 
margin, blocks divided in half corresponding to the number of foils 
used on the test, and five columns to the right of the blocks labeled 
Omit, DR, %, ID, and Revise (Chart 1). The block corresponding to 

CHART 1 

Item Analysis Work Sheets 

Question a b c d e Omit DR % ID Revise 

1 

2 

3 

4 

5 
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CHART 2 
Item Analysis Work Sheet 

Question 

1 

2 

3 

4 

5 

a 

II 

II 

II 

m 
II 

b 

1 

1 

II 

III 

II 

1 

III 

m 

c 

m 
m 

III 

II 

III 

m 

d 

1 

II 

m 
1 
III 

m 
III 

e 

1 

m 

II 

III 

Omit 

1 

} 

1 

» 

DR 

50 

33 

33 

43 

23 

% 

6 7 

5 3 

6 7 
0 

3 3 

3 3 

ID 

35 

46 

79 

21 

28 

Revise 

ID 

F 

the correct answer for each question is designated by drawing double 
lines, by shading, or by some other means. If some questions have 
fewer foils, the blocks not used are crossed out. It is important to have 
an omit column to provide a check after tabulating the papers, since 
some students inevitably omit questions. 

To tabulate, the teacher takes the papers for the high group and 
records the students* answers to each question above the correspond-
ing horizontal line (Chart 2). When all the papers from the high group 
have been tabulated, a similar procedure is followed with the papers 
for the low group. A color different from that used for the high group 
tabulation is used, and the tallies are made below the horizontal line. 
As a final check be certain that each question has the same number of 
tallies as papers used in the analysis. The number of students per 
group who selected the correct answer is circled in the appropriate 
section of the block. 
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DIFFICULTY RATING 

To determine how easy or difficult a question is involves deter-
mining the proportion of students who answered the question cor-
rectly. The difficulty rating (DR) is calculated by dividing the number 
of correct responses by the total number of papers used in the analysis. 
Since the total number of papers in this example was 30 and the 
number of students correctly answering question 1 was 15, the DR 
is 50. 

™ H + L ^ 10 + 5 15 
DR = Z DR = o„ = ™ = 50 

N 30 30 
Thus 50% or one-half of the students answered question 1 correctly. 
The higher the DR, the easier the question is. Therefore, question 1 
was the easiest and question 5 was the most difficult. The acceptable 
limits are 10 to 90, denoting questions that are too difficult or too 
simple, respectively. In these cases, the items should be revised. 

For most tests in physical education a range of DR's is desirable to 
motivate the poorest student and to challenge the best. Most tests 
should have a mean (DR) of 50. 

INDEX OF DISCRIMINATION 

The Index of Discrimination (ID) is the term used to describe how 
well an item differentiates among the better and poorer students. The 
technique for determining the Index of Discrimination is based on 
correlation. Much of the work has been done and tabulated by 
Flanagan. To take advantage of his work, the teacher must do the 
following. 

1. Determine the percentage of students in the high group who 
answered the question correctly. 

2. Repeat the procedure for the low group. 

10 5 
For question 1, H% = — = .67 L% = — = .33 

15 15 

3. Place these findings in the column marked percent (%) with 
H/L = 67/33. 

4. Convert the percentages into correlation coefficients by con-
sulting Table 9.1. To read the table the proportion (percent) of 
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TABLE 9.1 

Proportion of success in the 27% scoring highest on the continuous variable 
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A table of the values of the product moment coefficient of correlation in a normal bivariate popula-
tion corresponding to given proportions of successes. 
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Indices of Discrimination0'h 

Proportion of success in the 2 7 % scoring highest on the continuous variable 
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33 35 37 39 40 42 44 46 47 49 51 52 54 56 57 60 61 63 65 67 70 72 74 77 81 84 

31 33 34 36 38 40 42 43 45 47 49 50 52 54 56 57 60 61 63 66 68 70 73 76 80 83 
28 30 32 34 36 37 39 41 43 45 46 48 50 52 54 56 58 60 62 64 67 69 72 75 80 83 
26 28 30 32 33 35 37 39 41 42 44 46 48 50 52 54 56 58 60 63 65 68 71 74 79 82 
23 26 27 29 31 33 35 37 39 40 42 44 46 48 50 52 54 57 59 61 64 66 70 73 78 82 
21 23 25 27 29 31 33 35 37 38 40 42 44 46 49 51 53 55 57 60 63 65 68 72 77 81 

19 21 23 25 27 29 31 33 35 37 38 40 42 45 47 49 51 53 56 58 61 64 67 71 76 80 
17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 52 54 57 60 63 66 70 75 79 
15 17 19 21 22 25 27 29 31 33 35 37 39 41 43 46 48 50 53 55 58 61 65 69 74 78 
13 15 16 18 20 22 25 27 29 31 33 35 37 39 42 44 47 49 51 54 57 60 64 68 73 78 
10 12 14 16 18 21 22 25 27 29 31 33 35 37 40 42 45 47 40 52 56 59 62 67 73 77 

08 10 12 14 16 18 20 22 25 27 29 31 33 36 38 40 43 45 48 51 54 58 61 66 72 76 
06 08 10 12 14 16 18 21 23 25 27 29 32 34 36 39 41 44 47 49 53 56 60 64 71 75 
04 06 08 10 12 14 16 19 21 23 25 27 30 32 34 37 39 42 45 48 51 55 59 63 70 74 
02 04 06 08 10 12 15 17 19 21 23 26 28 30 33 35 38 40 43 46 50 53 57 62 69 73 
0 02 04 06 08 10 13 15 17 19 21 23 26 28 31 33 36 39 42 45 48 52 56 61 68 72 

-02 0 02 04 06 08 11 13 15 17 19 21 24 26 29 31 34 37 40 43 47 51 55 60 67 72 
-04-02 0 02 04 06 08 11 13 15 17 19 22 24 27 29 32 35 38 41 45 49 53 58 66 71 
-06-04-02 0 02 04 06 08 11 13 15 17 20 22 25 27 30 33 36 39 43 47 52 57 64 70 
-08-06-04-02 0 02 04 06 09 11 13 15 18 20 23 26 28 31 34 38 41 45 50 56 63 69 
-10-08-06-04-02 0 02 04 06 09 11 13 16 18 21 24 27 30 33 36 40 44 48 54 62 68 

-13-11-08-06-04-02 0 02 04 07 09 11 14 16 19 22 25 28 31 34 38 42 47 53 61 67 
-15-13-11-08-06-04 -02 0 02 04 07 09 12 14 17 19 23 26 29 32 36 40 45 51 59 66 
-17-15-13-11-09-06 -04-02 0 02 04 07 09 12 15 17 20 24 27 30 34 38 44 49 58 65 
-19-17-15-13-11-09 -07-04-02 0 02 04 07 10 12 15 18 21 25 28 32 37 42 48 56 63 
-21-19-17-15-13-11 -09-07-04-02 0 02 05 08 10 13 16 19 22 26 30 35 40 46 55 62 

-23-21-19-17-15-13 -11-09-07-04-02 0 02 05 08 11 13 17 20 24 28 32 38 44 53 61 
-26-24-22-20-18-16 -14-12-09-07-05 -02 0 03 06 08 11 14 18 21 26 30 36 42 51 59 
-28-26-24-22-20-18 -16-14-12-10-08 -05-03 0 03 06 08 12 15 19 23 28 3.3 40 50 57 
-31-29-27-25-23-21 -19-17-15-12-10 -08-06-03 0 03 06 09 12 16 21 25 31 38 48 55 
-33-31-29-27-26-24 -22-19-17-15-13 -11-08-06-03 0 03 06 10 13 18 23 29 36 46 53 

-36-34-32-30-28-27 -25-23-20-18-16 -13-11-08-06-03 0 03 07 11 15 20 26 33 43 51 
-39-37-35-33-31-30 -28-26-24-21-19 -17-14-12-09-06 -03 0 03 07 12 17 23 30 40 49 
42-40-38-36-34-33 -31-29-27-25-22 -20-18-15-12-10 -07-03 0 04 08 13 19 26 37 46 
-45-43-41-39-38-36 -34-32-30-28-26 -24-21-19-16-13 -11-07-04 0 04 09 15 23 34 43 
-48-47-45-43-41-40 -38-36-34-32-30 -28-26-23-21-18 -15-12-08-04 0 05 11 19 30 40 

-52-51-49-47-45-44 -42-40-38-37-35 -32-30-28-25-23 -20-17-13-09-05 0 06 14 25 35 
-56-55-53-52-50-48 -47-45-44-42-40 -38-36-33-31-29 -26-23-19-15-11 -06 0 08 19 30 
-61-60-58-57-56-54 -53-51-49-48-46 -44-42-40-38-36 -33-30-26-23-19 -14-08 0 12 23 
-68-67-66-64-63-62 -61-59-58-56-55 -53-51-50-48-46 -43 40-37-34-30 -25-19-12 0 11 
-72-72-71-70-69-68 -67-66-65-63-62 r61-59-57-55-53 -51-49-46-43-40 -35-30-23-11 0 

öUsed by permission of John C. Flanagan. From "Calculating Correlation Coefficients,". American 
Institute of Research, Pittsburgh, Pennsylvania, 1962. 
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students in the high group who answered the question correctly is 
read along the horizontal while the percent of students in the low 
group answering correctly is read along the vertical. Where these two 
percentages meet in the table is the number that corresponds to the 
Index of Discrimination. For question 1, look along the horizontal axis 
for 67 and along the vertical axis for 33. Since these numbers are odd, 
and only the even numbers are tabulated, you must interpolate. 
Therefore, the ID entered in the column for question 1 is 35. Follow 
the same procedure for each question. 

The higher the ID, the greater is the discriminatory power of the 
item. A negative ID denotes that more students in the low group 

CHART 3 

Name of test Class Date 

Total number taking test Number and percent of incomplete papers. 

Total number of questions 

Mean Standard deviation 

Test analyzed by 

Difficulty Number Percent Decision 

Above 90 
10-90 
Below 10 

Discrimination 
Above 90 
10-90 
Below 10 

Nonfunctioning foils 
1 
2 
3 

Comments 
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answered the question correctly than in the high group. Such ques-
tions should be marked for revision. An ID higher than 20 is good; 
one between 15 and 20 is acceptable. An item with an ID below 15 
should be discarded or revised. 

RESPONSE REVISION 

Any foils not used by at least 3% of the students taking the test 
should be considered for revision. By examining all the blocks, it 
becomes evident that in question 5 foil "a" was not used and should 
therefore be revised. This is noted in the appropriate column (revise). 

SUMMARY SHEET 

The item analysis is then reviewed and a summary sheet is prepared 
(Chart 3). 

Test reliability should also be determined. This requires a form 
of correlation, some of which are mentioned in Chapter 4. More com-
plex forms are given in the statistics books listed in the references. 

Summary 

Suggestions for essay, true-false, multiple-choice, and matching 
test questions are presented. Methods are included to determine the 
difficulty and discrimination of specific test items so that the test can 
be revised. 

Problems 

1. Have the student write one question for each form described. 
Then have the class evaluate and correct the questions. 

2. Have the students develop, administer, analyze, and interpret 
the test results and analysis. 
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Testing in physical education is almost infinite in scope. The 
physical educator must be able to select, construct, administer, score, 
record, interpret, and evaluate tests of knowledge, attitudes, and 
psychological and sociological aspects of activity, as well as the major 
and minor components of physical performance and fitness. He must 
learn not only from colleagues in physical education but also from 
those in computer science, education, medicine, physiology, psy-
chology, sociology, and statistics. Seldom can information from 
others be applied without modification and adaptation to his specific 
situation. 

This final chapter attempts to put the material covered in this book 
into perspective by asking these two questions : 

1. What two factors are most important in evaluation? 
2. What are some of our limitations? 

Importance of Testing 

Testing is essential for all phases of physical education. How else 
can one evaluate the pupil, the teacher, the program? How else does 
one find better methods? How else does one resolve theoretical 
conflicts? How else does one test theories and hypotheses? No grade, 
evaluation, or research can be any better than the tests being used. 
The importance of the validity of tests can hardly be overemphasized. 
Yet there are too few concentrated efforts to establish valid tests in 
all areas of performance and fitness. 

Limitations of Testing 

Let us be honest enough to admit that evaluating performance 
through testing in physical education as currently practiced has many 
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limitations. The tests may not measure precisely what we want to 
measure. They may not be as consistent as desired. They may be 
influenced by other factors not directly connected with physical 
education or our objectives. Time, personnel, facilities, and equipment 
to measure the individuals in our classes with a comprehensive 
battery of tests may be inadequate. Neither is there enough time or 
assistance to interpret the scores in terms of the class, much less 
compare different classes (treatments) or write up the findings for the 
benefit of others. The statistical procedures may be based on mathe-
matical models that do not fit our situation; thus it is not a question 
of violating assumptions, but rather of which ones are violated. 
Grading is based on irrelevant and unreliable data, including a portion 
of—at best—haphazard guesses and—at worst—prejudice for or 
against certain pupils. 

Objective and subjective evaluations presuppose that one knows 
what elements constitute successful performance and that these 
elements can be clearly defined. In addition, objective evaluation 
assumes that these elements can be objectively measured, and 
subjective evaluation assumes that the elements can be identified 
through observation. 

We are hopeful that significant advances in evaluating performance 
will be forthcoming soon and that these advances will be used through-
out physical education. Assuming that we will have highly valid tests 
and the time, personnel, and facilities to conduct an adequate testing 
program, there is the danger of testing's being elevated out of perspec-
tive. Tests should remain a means of evaluating the achievement of 
particular goals. It is much more important to attain the goals (for 
example, changes in attitudes, physical activity habits, performance, 
and fitness) than to administer a good testing program. 

Importance of Design 

There are two main and necessary ingredients to evaluation, 
whether within one physical education class or in a large interdis-
ciplinary research project—namely, valid tests and proper evaluative 
design. Obviously, if one does not measure the variables being studied, 
there is little use in conducting the evaluation. A less obvious but 
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equally important aspect is to design the evaluation in such a way 
that the results of the testing will answer the questions that are 
being asked. 

Some of the problems in answering the questions being asked have 
already been mentioned. In studying the relationship among variables, 
one must be careful to control those variables that might affect the 
ones being studied but are not of primary interest to the study (age 
is an obvious one; however, there are many others that are less 
obvious). In studies designed to determine cause and effect, it is 
important to have control groups that are treated like the experi-
mental groups except in the treatments being studied so that changes 
caused by other factors can be identified and partialed out. 

A more difficult problem is that there are no simple answers to the 
questions physical educators are asked and are asking. For example, 
how does one answer the "simple" question: What activities should I 
do to be fit? Assuming that one can define and measure what it means 
to be "fit," there are still many factors that interact in determining 
the answer. What body composition, endurance, efficiency, and skill 
does the person now possess? What is his age, current activity habits, 
diseases? How much time, facilities, and interest in particular ac-
tivities does he have? What kind of personality does he have and 
how will he interact with other persons? Assuming that these ques-
tions can be answered, then the prescription of physical activities 
must be made in terms of type, frequency, intensity, and duration, in 
addition to certain safety precautions and means of progressively 
increasing the activities. Then we must be able to determine when the 
person has reached the desired level. Experts from cardiology, physical 
activity, physiology, psychology, pulmonary function, and recreation 
are needed before one can even begin to deal with this question. In 
spite of some progress in research in this area, we are a long way from 
answering these and related questions. One of the difficulties is that 
one cannot look at any single factor by itself. The question of fre-
quency of activity cannot be answered except as it is related to and 
interacts with questions of type, intensity, and duration of activities 
for persons of different age, body composition, endurance, efficiency, 
skill, personality, activity habits, etc. The scope of studies designed 
to examine several of these variables quickly increases beyond the 
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ability of one person, or even one research station, to deal with it 
effectively. The same complexity is involved in all areas of physical 
education—how administrative decisions are made, how performance 
is analyzed, how skill is taught and learned, and any of the other 
aspects of physical education. 

Summary 

The most important factors in evaluation are valid tests and 
evaluative design that will answer the questions being asked. Evalua-
tion in physical education is hampered by many practical considera-
tions and by lack of knowledge in many areas. This book has at-
tempted to provide the primary questions that need to be asked, 
with some suggestions concerning where to start to find answers. 

No one book (or course) can hope to deal in depth with the entire 
area of testing and evaluation. This book should be viewed as only 
the beginning of the search for ways of evaluating performance. 
Additional growth can come about in many ways—additional courses 
(many graduate courses are primarily advanced test and measurement 
courses in specific areas of performance and fitness) ; individual and 
group research; reading in the literature; and conferences and in-
formal contacts with colleagues. 

This discussion of the limitations under which we all work is not 
intended to dampen one's enthusiasm for testing in physical educa-
tion, nor to belittle past and present research efforts of limited scope. 
I t is intended to point out the need for continued learning in this area 
and to help put these matters into some kind of perspective. I t is also 
a plea for recognition of the fact that none of us can cope with the 
testing and research needed for our field unless we do it together. 

Problem 

Select an important question that needs to be answered in our field. 
How would you answer it. 
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If you have large groups and do not have access to a calculator, a 
procedure for grouping data will facilitate calculations of measures of 
central tendency, variability, and Pearson Product Moment Correla-
tion Coefficient. In working with grouped data some accuracy is lost, 
but, depending on the size of the group (N) and the interval size (i), 
differences may be minimized. The larger the i, the greater will be the 
loss of identity of each score, since the midpoint of the interval is 
considered representative of all scores within that interval, and the 
scores within the interval are considered to be equally distributed. 

Below is an example of the steps involved in setting up a frequency 
distribution and calculating various measures of interest. The data 
are from college women who took the Diagonal Wall Pass Test. Al-
though only 50 scores are used for ease of computation, this procedure 
may be used with any number of scores. 

Frequency Distribution 

Although the precise decisions necessary in developing a frequency 
distribution are arbitrary, the steps and procedures given below should 
be followed for ease and consistency. 

The following outline assumes an understanding of the meanings of 
the terms such as measures of central tendency and variability. 
Students who are uncertain of their meaning should review Chapter 
4. 

The following steps are used (see Table A.l for raw data). 
1. Determine the range: 

High score — low score = range; 60 — 15 = J^5 

2. Determine the size of the interval (i). 
Since most biological data can be handled satisfactorily with 10 to 

20 intervals (unless norms are to be developed, in which case more 
intervals are desirable), we divide the range by 15 (halfway between 
10 and 20) to estimate the size of the interval. 

, ,.v range . 45 
Interval (i) = — ? - ; i = — = 3 

15 15 

An odd-number interval size is desirable, since the midpoint (repre-
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TABLE A.1 

Diagonal Wall Pass—Raw Data* 

Subject Score Subject Score Subject Score Subject Score Subject Score 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

25 
25 
15 
30 
45 
35 
37 
40 
28 
18 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
23 
35 
38 
42 
42 
60 
58 
33 
22 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

22 
45 
34 
38 
43 
48 
35 
34 
32 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

23 
25 
27 
22 
18 
48 
35 
33 
29 
28 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

39 
37 
35 
32 
26 
36 
34 
24 
22 
38 

° Sum of three 30-second trials. 

senting all the scores in that interval) of the interval would be divisible 
by i. 

Alternative method for determining i: Decide on the number of in-
tervals needed and divide the range by that number. 

Example: If we decide to use 10 intervals, we divide the range by 
10 (45/10 = 4.5). Then i will be 5 (rounded). 

Note: The larger the i, the greater will be the loss of identity of 
each score, since, once the data have been tabulated, the midpoint of 
each interval represents the scores in that interval. 

3. Determine the lower and upper limits of the first interval. Take 
the lowest score and find the whole number closest to that score that 
is divisible by i. This becomes the midpoint of our lowest interval. 
To determine the lower limit and upper limits, add one-half of i to 
and subtract one-half of i from the midpoint. 

Example: Low score = 15:15 is divisible by i = 3; Therefore 15 is 
the midpoint of the lowest interval. Add 1.5 to and subtract 1.5 from 
the midpoint: 

15 + 1.5 = 16.5; 15 - 1.5 = 13.5 
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Alternative method: Many books recommend the same procedure 
but beginning with the best score. Another procedure recommends 
making the lower limit divisible by i. The specific procedure selected 
is immaterial, provided that consistency is achieved. 

Note: The real limits of the interval in question are 13.5 and 16.5. 
With i = 3, the apparent limits of the lowest interval are 14 and 16. 
The real limits of a number are}/% plus and minus a decimal more than 
the raw score data. Therefore, if the test scores are taken to the 
nearest whole number, a score of 15 represents a number between 14.5 
and 15.5. If a test score is 15.5, the real limits of that score would be 
15.45 and 15.55. To avoid confusion due to seeming overlap, that is, 
the real limits of 15 are 14.5 and 15.5, and for 16 they are 15.5 and 
16.5, the upper limit in the last decimal is changed from 5 to 4. There-
fore, in our examples, the limits for recording purpose are written as 

TABLE A.2 

Diagonal Wall Pass— 
Frequency Distribution 

Interval 

58.5-61.4 
55.5-58.4 
52.5-55.4 
49.5-52.4 
46.5-49.4 
43.5-46.4 
40.5-43.4 
37.5-40.4 
34.5-37.4 
31.5-34.4 
28.5-31.4 
25.5-28.4 
22.5-25.4 
19.5-22.4 
16.5-19.4 
13.5-16.4 

Tally 

1 
1 

II 
II 
III 
m 
m m 
m H 
III 
un 
m i 
m 
II 
1 

/ 

1 
1 

2 
2 
3 
5 
8 
7 
3 
4 
6 
5 
2 
1 

50 
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follows: for 15 they are 14.5 and 15.4, and for 15.5 they are 15.45 and 
15.54. 

4. Record all the limits for each and every interval, beginning with 
the lowest interval. Do not skip any interval. 

5. Tally all the raw scores (Table A.2). 
6. Count the number of tally marks and convert them to arabic 

numbers for easier calculation. They should total N. In our example, 
N = 50. 

Measures of Central Tendency 

We shall use the same data to determine the mean, median, and 
mode. 

MODE 

The most frequent score is determined by inspection of the fre-
quency distribution. The interval from 34.5 to 37.4 contains the 
greatest number of scores. Since the midpoint of the interval repre-
sents all the scores in that interval, the mode of this distribution is 36. 

MEAN 

The determination of the "average" is more complicated. Following 
are the steps involved. 

1. Designate an interval as the assumed mean (A.M.). This may 
be done arbitrarily, since the formula is designed to correct itself. We 
have designated the interval 31.5-34.4 to contain our assumed mean 
(Table A.3). 

2. Designate a deviation column. Each interval above the mean is 
labeled as a positive number equal to the number of intervals above 
the designated assumed mean. Intervals below the assumed mean are 
similarly labeled but are negative. In essence the student counts by 
one's in each direction. 
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TABLE A.3 
Diagonal Wall Pass—Assumed Mean 

Interval 

58.5-61.4 
55.5-58.4 
52.5-55.4 
49.5-52.4 
46.5-49.4 
43.5-46.4 
40.5-43.4 
37.5-40.4 
34.5-37.4 

A.M. 31.5-34.4 

28.5-31.4 
25.5-28.4 
22.5-25.4 
19.5-22.4 
16.5-19.4 
13.5-16.4 

Rationale: 

N 

d 

/ 

1 
0 
0 
0 
2 
2 
3 
5 
8 

7 

3 
4 
6 
5 
2 
1 

-

__ 

50 

X 

d 

9 
8 
7 
6 
5 
4 
3 
2 
1 

0 

- 1 
- 2 
- 3 
- 4 
- 5 
- 6 

- A.M. 

fd 

9 
8 
0 
0 

10 
8 
9 

10 
8 

0 

- 3 
- 8 

- 1 8 
- 2 0 
- 1 0 
- 6 

- 3 

cf 

50 
49 
48 
48 
48 
46 
44 
41 
36 

28 

21 
18 
14 
8 
3 
1 

Therefore 
36 - 33 _ 3 _ 

3 " 3 " 

, 1 8 - 3 3 - 1 5 
d = = —— = —5 3 3 

3. Multiply the / times the d columns. Be certain to include the 
signs. 

Example: (5)(0) = 0 ; (3)(1) = 3; (5)(-6) = - 3 0 
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X = A.M. + m 
X = 33.0 + f —JM 3 = 33.0 + (-.06)3 

= 3 3 . 0 + (- .18) = 32.82 

MEDIAN 

The median is that score above and below which 50% of the scores 
appear. The formula is 

Median,a+(ffi2_=-£/·),· 

The following steps are used in determining the median. 
1. Determine the cumulative frequency (cf) column by adding the 

frequencies for each interval consecutively beginning with the lowest 
interval. 

Example: 1 + 2 + 5 + · · · + 1 = 50 
To check, be certain that the cf of the top interval equals N. 

2. Since you are dividing the distribution into two equal parts, 
divide N by 2. 

, N 50 ~r 

Example: — = — = 25 
Δ Δ 

4. In the column marked fd add all the positive numbers (62) and 
all the negative numbers ( — 65). Then take the difference and give it 
the sign of the larger value. 

5. Divide Σ / d b y Λ 

6. Multiply by i to decode (convert into raw score units). 

7. Add algebraically to the assumed mean: 33 + (-.18) = 32.82. 
Therefore: 
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This tells you that the 25th number in the distribution is the median. 
3. To determine the value of the median: 
(a) Look for the interval that contains the median. In this example 

we note that there are 28 (cf) scores accounted for within and below 
the 31.5-34.4 interval. Twenty-one of these scores are accounted for 
within and below the interval containing the median. Therefore, sub-
tract the number that represents our median from the sum of the 
frequencies below. 

N 50 
Example: - - Σ / 6 ; ir - 21; 25 - 21 = 4 

Δ Δ 

(b) Divide the result in 3a by the frequencies within the interval 
containing the median. 

4 4 
Example: — = - = .57 

fw 7 
(c) Convert this result into raw score units by multiplying by the 

interval size. 
Example: (.57) (3) = 1.71 

(d) To finish decoding, add these units to the real lower limit (It) of 
the interval that contains the median. 

Example: 31.5 + 1.71 = 33.21 = median 

Median -g + f ^ V ^ V \ fw / 

. 3 1 . i + ( W ^ l i l ) 3 

= 31.5 + 

= 31.5 + 
= 31.5 + 
- 33.21 

(.57)3 
1.71 
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Measures of Variability 

The two measures of variability of concern, in addition to the range, 
are the quartile (Q) and the standard deviations (s). Since procedures 
for determining quartiles, the basis for finding the quartile deviation, 
are so similar to the ones used in determining the median, only a 
résumé of the steps is given below. However, the procedure for calcu-
lating the standard deviation is covered in detail. 

QUARTILE DEVIATION 

The quartile deviation (Q) represents one-half of the middle 50% 
of the scores. The formula is 

0 _ Qz - Qi 

To determine Qi (first quartile), use the formula for finding the 
median, but since the distribution is divided into four parts rather 
than two, divide JV by 4. Proceed, following the steps outlined for 
calculating the median. To find Q3 (third quartile), multiply N by 3 
and then divide by 4. 

Formula: Q3 = 11+ em)-^)i 

Note: The same formula is used in determining deciles and centiles, 
but with the appropriate correction. 

STANDARD DEVIATION 

The standard deviation is the square root of the squares of the 
deviations from the mean. To calculate the standard deviation, we 
already have the d and fd columns. The remaining steps are as follows. 

1. Determine the frequencies times the deviations squared (/rf2) 
by multiplying each/d by its respective deviation. (Table A.4). 

Example: ( - 6 ) ( - 6 ) = 36; ( - 1 0 ) ( - 5 ) = 50 

Alternative method: Square the deviations and multiply by / . 

Example: (-62)(1) = (36) (1) = 36; (-52)(2) = (25) (2) = 50 



172 Appendix A. Procedure for Large Groups 

TABLE A.4 

Diagonal Wall Pass—Standard Deviation 

Interval / d fd fd? 

58.5-61.4 
55.5-58.4 
52.5-55.4 
49.5-52.4 
46.5-49.4 
43.5-46.4 
40.5-43.4 
37.5-40.4 
34.5-37.5 

1 
1 
0 
0 
2 
2 
3 
5 
8 

9 
8 
7 
6 
5 
4 
3 
2 
1 

9 
8 
0 
0 
10 
8 
9 
10 
8 

81 
64 
0 
0 
50 
32 
27 
20 
8 

31.5-34.4 7 0 0 0 

28.5-31.4 
25.5-28.4 
22.5-25.4 
19.5-22.4 
16.5-19.4 
13.5-16.4 

3 
4 
6 
5 
2 
1 

50 

-1 
-2 
-3 
-4 
-5 
-6 

-3 
-8 
-18 
-20 
-10 
-6 

-3 

3 
16 
54 
80 
50 
36 

521 

2. Summate the fd2 column. 

Example: 36 + 50 + · · · + 81 = 521 

3. Divide £ / d 2 b y t f . 

50 
4. Divide Σ / d b y i V . 

Note: We have already computed this in calculating the mean. 
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5. Square the results from step 4. 

(- .06)2 = .0036 

6. Subtract the result in step 5 from the result in step 3. 

10.42 - .0036 = 10.4164 

7. Take the square root of step 6. 

V 10.4164 = 3.23 

8. Decode by multiplying by the size of the step interval. 

(3.23) (3) = 9.69 

= 3 \ / l 0 . 4 2 - ( - .06) 2 

= 3 V l O . 4 2 - .0036 

= 3 V 10.4164 

= 3 (3.23) 

= 9.69 

Pearson Product Moment Correlation Coefficient (r) 

In seeking relationships, one needs one group but two test scores 
for each person within the group. Therefore, to the raw data pre-
viously used, we now add the results from the Vertical Jump Test. 
When correlating, you have two axes (X—horizontal; Y—vertical). 
Designate one test as the X (DWP) and the second test as the Y 
(VJ). Following are the steps involved in plotting the scattergram and 
computing the correlation (Table A.5). 

1. Develop a frequency distribution for each test. You do not need 
the same i for each. Since we have already grouped the data for the 
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TABLE A.5 

Pearson Product Moment Correlation Coefficient—Raw Data 

Subject DWP VJ Subject DWP VJ Subject DWP VJ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

25 
25 
15 
30 
45 
33 
37 
40 
28 
18 
21 
23 
35 
38 
42 
42 
60 

15 
10 
7 
13 
20 
14 
16 
19 
20 
12.5 
13 
14 
19 
16 
19 
20 
23 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

58 
33 
22 
22 
45 
34 
38 
43 
48 
35 
34 
32 
30 
23 
25 
27 
22 

20.5 
15 
12.5 
15 
21 
15 
18 
17 
17.5 
14 
16 
13 
13.5 
12 
15 
15 
11 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

18 
48 
35 
33 
29v 

28 
39 
37 
35 
32 
26 
36 
34 
24 
22 
38 

12 
19.5 
15 
11 
15 
14.5 
17 
19 
16 
16.5 
15 
18 
17 
13 
14 
22 

results from the Diagonal Wall Pass, we need only group the data 
from the Vertical Jump Test. 

2. Plot the intervals along the respective axis going from left to 
right (poorest to best score) along the X-axis and from the bottom to 
the top (poorest to best score) on the F-axis (Table A.6). 

3. Plot the data, accounting for each subject's X and F values 
simultaneously. Where the two intervals intersect, place a tally. 

Example: Subject 1: X = 25; F = 15 

Look along the X-axis for the interval containing 25. Then go down 
within this interval until you come to the interval along the F-axis 
containing the number 15. Place your tally (we have used the symbol 
+ for clarity). 

4. Summate the frequencies along the X- and F-axes, heading each 
column appropriately. For fx in our first interval we account for all 
the tallies in the 13.5-16.4 interval (1) ; in the next interval, add 1 + 
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1 = 2. For/y, summate the tallies per interval beginning either at the 
top or bottom and counting across the interval. fy = 1 ; 1 ; 2. 

5. Add the fy column and then add the fx column. The fy should 
equal the fx and should be equal to N. In our example N is 50. If an 
error has been made, replot the data. 

6. Determine an assumed mean (just as was done previously in 
calculating the mean) along each axis. These should be designated in 
some manner. (We have done this by drawing heavy lines.) 

7. Assign deviation values as before in columns marked d with the 
appropriate subscript. For dy, any interval above the assumed mean 
is positive, and any below is negative. For dx, intervals to the left of 
the assumed mean are negative, and those to the right are positive. 
Remember to begin with ± 1 at the intervals closest to the assumed 
mean which is equal to 0 along each axis. 

8. Compute the following along each axis and then summate each: 
(a) fd; (b) fd\ 

9. Two steps must be followed to calculate the product moment 
values of each cell that contains a tally. 

(a) Determine the deviation cross products of each cell involved. 
Example: The cell X = 37.5^0.4, Y = 16.5-17.4, dx = 1, and 

dy = 2 has a value of (2) (1) = 2; this is placed in the upper right-hand 
corner. The cell x = 19.5-22.4, y = 12.5-13.4, dx = - 5 , dy = 
— 2 has a value of ( — 5) ( — 2) = 10, which is placed in the upper 
right-hand corner of that cell. 

(b) The product moment value of each cell is the result of step 
9a, times the number of tallies appearing in that cell. 

Example: With the same cells as in 9a, the first cell value was 2 with 
1 tally. Therefore, the product moment value is 2. This number is 
placed in the lower right-hand corner and circled. The value of the 
second example was 10 but it had 2 tallies. Therefore, the product 
moment value is (10) (2) = 20. 

Note: As you gain experience, steps 9a and b can be combined. 
10. Summate under a column marked x'y' along each axis. Be 

certain to watch the signs. 
Example: Along the F-axis for the interval 19.5-20.4, there are 

values of - 1 5 + 10 + 15 + 20 = - 1 5 + 45 = 30. This is placed in 
the appropriate column. The value of the interval 22.5-25.4 is 4 + 
8 + 12 + 20 = 44. 



TABLE A. 6 
Pearson Product Moment Correlation - Scattergram 

Diagonal Wall Pass 

22.5-23.4 

21.5-22.4 

20.5-21.4 

19.5-20.4 

18.5-19.4 

17.5-18.4 

16.5-17.4 

15.5-16.4 

14.5-15.4 

13.5-14.4 

12.5-13.4 

1 13.5-
16.4 

16.5-
19.4 

1 |12 

19.5-
22.4 

■ k 
1 LlL 

© 
Il |l0_ 

22.5-
25.4 

+ 1 [θ_ 

© 
i H 
© 

25.5-
28.4 

1 l-15_ 

m |o_ 

28.5-
31.4 

i IP_ 

© 
i 11. 
© 

31.5-
34.4 

ll|l-2 

<3> 
i L A 

© 
Il [θ. 

i LL: 
© 
i li 
© 

34.5-
37.4 

il Lo_ 

i l o . 

Il 0 

i k 

37.5-
40.4 

l 11 

© 

i LL 

© 
i [ s . 

© 
1 12_ 

© 
i L L 

© 

40.5-
43.4 

1 UP_ 

1 18. 

© 

i LL 

© 

43.5-
46.4 

1 Ll8_ 

® 
1 [15_ 

46.5-
49.4 

1 L20_ 

@) 

1 [12_ 

49.5-
52.4 

52.5-
55.4 

55.5-
58.4 

1 142 

© 

58.5- 1 
61.4 

1 |64_ 

® 

fy 

1 

1 

2 

4 

4 

3 

4 

4 

10 

5 

6 

dy 

8 

7 

6 

5 

4 

3 

2 

1 

0 

-1 

-2 

fdy 

8 

7 

12 

20 

16 

9 

8 

4 

® 
0 

-5 

-12 

fdy 2 

64 

49 

72 

100 

64 

27 

16 

4 

0 

5 

24 

x'y' 

64 

7 

60 

30 

12 

15 

2 

0 

0 

12 

46 



11.5-12.4 

10.5-11.4 

9.5-10-4 

8.5-9.4 

7.5-8.4 

6.5-7.4 

7χ 

dx 

fdx 

fdx2 

x'y' 

1 |_56 

1 ϊ 
-7 

1 "7 

49 

56 

1 [18_ 

@ 

2 

-6 

-12 

72 

30 

1 [20_ 

(20) 

5 

-5 

-25 

125 

45 

1 [12_ 

1 [20_ 

® 

6 

-4 

-24 

96 

44 

4 

-3 

-12 

36 

-15 

3 

-2 

-6 

12 

6 

Ci) 

8 

-1 

-8 

8 

2 

7 

0 

0 

0 

0 

5 

1 

5 

5 

17 

3 

2 

6 

12 

22 

2 

3 

6 

18 

33 

2~ 

4 

8 

32 

32 

0 

5 

0 

0 

0 

0 

6 

0 

0 

0 

1 

7 

7 

49 

42 

Ï j 

8 j 
® 
8 | 

64 

64 

1 2 

2 

1 

0 

0 

1 

1 50 = AT 

1 - 5 4 

578 

393 
-15 

378 Σ 

-3 

-4 

-5 

-6 

7 

-8 

Zfdx 

Σ/rf^ 

x'y' 

-6 

-8 

-5 

0 

0 

-8 

<3> 
40 

Σ/rfy 

/ 

18 

32 

25 

0 

0 

64 

564 

Îfdyy 

30 

24 

20 

0 

0 

56 

378 
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11. Compute 2 x' v' along each axis. Note that they should be 
equal. If they do not agree, an error has been made and the addition 
should be checked. If you do not discover the error, begin with step 9. 

12. You are now ready to calculate the Pearson Product Moment 
Correlation Coefficient by following these simple steps. 

(a) Divide the Σ / dx by N. 

Example: ^ ^ = ~ = -1 .08 

(b) Divide the Σ / ^ b y i V . 

Example: — ^ r - = — = .8 

(c) Multiply the results from steps a and b. 

Example: (-1.08)(.8) = - .864 

(d) Divide Σ *' V' by N. 

378 
Example: — = 7.56 

50 

(e) Subtract the result of step c from that of step d. 

Example: 7.56 - (-.864) = 8.424 

(f) Divide E / d z 2 b y i \ r . 

578 
Example: -— = 11.56 

(g) Square the results from step a. 

Example: (-1.08)2 = 1.1664 

(h) Subtract the result obtained in step g from that of step f. 

Example: 11.56 - 1.1664 = 10.3936 

(i) Divide Σ / d ^ b y i V . 

564 
Example: — = 11.28 

50 
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(j) Square the results from step b. 

Example: (.8)2 = .64 

(k) Subtract the result obtained in step j from that of step i. 

Example: 11.28 - 0.64 = 10.64 

(1) Multiply the results from steps h and k. 

Example: (10.3936) (10.64) = 110.587904 

(m) Take the square root of the result from step 1. 

Example: V l 10.587094 = 10.516 

(n) Divide the result from step m into the result from step e. 
This will give r. 

8 424 
Example: mETe, = ·80 

Following is a summary of the formula and steps involved in calcu-
lating r. 

Σ*ν 
N 

r = 
-mm 

-GO© 378 
50 

/Γ578 /-54V1Γ564 / lÔVÏ 
U50 \ 50 / J L 50 \50/J 

7.56- (-1.08) (.8) 
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7.56 - (-.864) 
~ VU1.56 -1.1664)(11.28 - .64) 

8.424 
~ V ( 10.3036) (10.64) 

_ 8.424 
~ Vll0.587904 

_ 8 · 4 2 4 

~ 10.516 

r = .80 
Note: The respective means and standard deviations can be easily 

obtained by decoding. Coding in no way affects the correlation. Its 
advantage lies in working with smaller numbers. 

You should estimate the sign and degree of relationship from the 
scattergram before doing your calculations. 

Raw Score Values for Examples Used in the Appendix 

Diagonal Wall Pass: N = 50 

Σ, X = 1642 

Σ,Χ2 = 58532 
Mode: 22.35 
Median: 33.0 
Mean: 32.84 
Standard deviation: 9.697 = 9.70 
Vertical Jump: N = 50 

Σ Y = 786 
Σ F2 = 12,885 

Σ ΧΥ = 27,064 
r = .80 
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Problems 

1. Have students develop a frequency distribution for data which they 
have gathered. 

2. Determine the (a) mode, (b) median, (c) mean, (d) standard devia-
tion, and (e) quartile deviation. 

3. Determine the same five statistics (a-e) from the raw scores. 
4. Have students explain the findings. 
5. Have the students correlate two sets of data using the raw score 

and grouped score procedures. Explain the results. 
6. Determine the square root of a random number. It is often inter-

esting to use a student's social security number. 
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N 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

N2 

1 
4 
9 
14 
25 

36 
49 
64 
81 
100 

121 
144 
169 
196 
225 

256 
289 
324 
361 
400 

441 
484 
529 
576 
625 

676 
729 
784 
841 
900 

961 
1024 

1089 

1156 

1225 

1296 
1396 
1444 

1521 
1600 

1681 
1764 

1849 
1936 

2025 

2116 

2209 
2304 

2401 

2500 

2601 
2704 

2809 

2916 

3025 

y/N 

1.0000 

1.4142 

1.7321 

2.0000 

2.2361 

2.4495 

2.6458 

2.8284 

3.0000 

3.1623 

3.3166 
3.4641 

3.6056 

3.7417 

3.8730 

4.0000 
4.1231 

4.2426 

4.3589 
4.4721 

4.5826 
4.6904 

4.7958 

4.8990 

5.0000 

5.0990 

5.1962 

5.2915 
5.3852 
5.4772 

5.5678 

5.6569 

5.7446 

5.8310 

5.9161 

6.0000 
6.0828 

6.1644 

6.2450 
6.3246 

6.4031 

6.4807 

6.5574 
6.6332 

6.7082 

6.7823 

6.8557 

6.9282 

7.0000 

7.0711 

7.1414 

7.2111 

7.2801 

7.3485 

7.4162 

\/N 

1.000000 

.500000 

.333333 

.250000 

.200000 

.166667 

. 142857 

.125000 

.111111 

.100000 

.090909 

.083333 

.076923 

.071429 

.066667 

.062500 

.058824 

.055556 

.052632 

.050000 

.047619 

.045455 

.043478 

.041667 

.040000 

.038462 

.037037 

.035714 

.034483 

.033333 

.032258 

.031250 

.030303 

.029412 

.028571 

.027778 

.027027 

.026316 

.025641 

.025000 

.024390 

.023810 

.023256 

.022727 

.022222 

.021739 

.021277 

.020833 

.020408 

.020000 

.019608 

.019231 

.018868 

.018519 

.018182 

N 

56 
57 
58 
59 
60 

61 
62 
63 
64 

! 65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

N2 

3136 

3249 

3364 

3481 

3600 

3721 

3844 

3969 

4096 

4225 

4356 

4489 
4624 

4761 

4900 

5041 

5184 

5329 

5476 

5625 

5776 

9296 

6084 

6241 

6400 

6561 
6724 

6889 
7056 

7225 

7396 

7569 
7744 

7921 

8100 

8281 
8464 

8649 

8836 

9025 

9216 

9409 
9604 

9801 

1000 

10201 

10404 

10609 

10816 

11025 

11236 

11449 

11664 

Ί 1881 

12100 

>/v 
7.4833 

7.5498 

7.6158 

7.6811 

7.7460 

7.8102 

7.8740 

7.9373 

8.0000 

8.0623 

8.1240 

8.1854 

8.2462 

8.3066 

8.3666 

8.4261 

8.4853 

8.5440 

8.6023 

8.6603 

8.7178 

8.7750 

8.8318 

8.8882 

8.9443 

9.0000 

9.0554 

9.1104 

9.1652 

9.2195 

9.2736 

9.3274 

9.3808 

9.4340 

9.4868 

9.5394 
9.5917 
9.6437 

9.6954 

9.7468 

9.7980 

9.8489 

9.8995 

9.9499 

10.0000 

10.0499 

10.0995 

10.1489 

10.1980 

10.2470 

10.2956 
10.3441 

10.3923 

10.4403 
10.4881 

UN 

.017857 

.017544 

.017241 

.016949 

.016667 

.016393 

.016129 

.015873 

.015625 

.015385 

.015152 

.014925 

.014706 

.014493 

.014286 

.014085 

.013889 

.013699 

.013514 

.013333 

.013158 

.012987 

.012821 

.012658 

.012500 

.012346 

.012195 

.012048 

.011905 

.011765 

.011628 

.011494 

.011364 

.011236 

.011111 

.010989 

.010870 

.010753 

.010638 

.010526 

.010417 

.010309 

.010204 

.010101 

.010000 

.00990099 

.00980392 

.00970874 

.00961538 

.00952381 

.00943396 

.00923479 

.00925926 

.00917431 

.00909091 

N 

HI 
112 
113 
114 
115 

116 
117 
118 
119 
120 

121 
122 
123 
124 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 
142 
143 
144 
145 

146 
147 
148 
149 
150 

151 
152 
153 
154 
155 

156 
157 
158 
159 
160 

161 
162 
163 
164 
165 

N2 

12321 

12544 

12769 

12996 

13225 

13456 

13689 
13924 

14161 

14400 

14641 

14884 

15129 
15276 

15625 

15876 

16129 

16384 
16641 

16900 

17161 

17424 

17689 

17956 

18225 

18406 

18769 
19044 

19321 

19600 

19881 
20164 

20449 

20736 

21025 

21316 

21609 
21904 

22201 

22500 

22801 

23104 

23409 
23716 

24025 

24336 

24649 
24964 

25281 

25600 

25921 

26244 

26569 

26896 

27225 

vtfv 

10.5357 

10.5830 

10.6301 
10.6771 

10.7238 

10.7703 

10.8167 

10.8628 

10.9087 

10.9545 

11.0000 
11.0454 

11.0905 

11.1355 

11.1803 

11.2250 

11.2694 

11.3137 
11.3578 

11.4018 

11.4455 

11.4891 
11.5326 

11.5758 

11.6190 

11.6619 

11.7047 

11.7473 

11.7898 

11.8322 

11.8743 
11.9164 

11.9483 

12.0000 

12.0416 

12.0830 

12.1244 

12.1655 
12.2066 
12.2474 

12.2882 

12.3288 

12.3693 
12.4097 

12.4499 

12.4900 

12.5300 
12.5698 

12.6095 

12.6491 

12.6886 

12.7279 

12.7671 

12.8062 
12.8452 

l/N 

.00900901 

.00892857 

.00884956 

.00877193 

.00869565 

.00862069 

.00854701 

.00847458 

.00840336 

.00833333 

.00826446 

.00819672 

.00813008 

.00800452 

.00800000 

.00793651 

.00787402 

.00781250 

.00775194 

.00769231 

.00763359 

.00757576 

.00751880 

.00746269 

.00740741 

.00735294 

.00729927 

.00724638 

.00719424 

.00714286 

.00709220 

.00704225 

.00699301 

.00694444 

.00689655 

.00684932 

.00690272 

.00674676 

.00671141 

.00666667 

.00662252 

.00657895 

.00653595 

.00649351 

.00645161 

.00641026 

.00636943 

.00632911 

.00628931 

.00625000 

.00621118 

.00617284 

.00613497 

.00609756 

.00606061 
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N 

166 
167 
168 
169 
170 

171 
172 
173 
174 
175 

176 
177 
178 
179 
180 

181 
182 
183 
184 
185 

186 
187 
188 
189 
190 

191 
192 
193 
194 
195 

196 
197 
198 
199 
200 

201 
202 
203 
204 
205 

206 
207 
208 
209 
210 

211 
212 
213 
214 
215 

216 
217 
218 
219 
220 

N2 

27556 

27889 
28224 

28561 
28900 

29241 

29584 

29929 

30276 

30625 

30976 

31329 

31684 

32041 

32400 

32761 
33124 

33489 

33856 

34225 

34596 

34969 

35344 

35721 

36100 

36481 
36864 

37249 

37636 

38025 

38416 

38809 
39204 

39601 

40000 

40401 

40804 

41209 

41616 

42025 

42436 
42849 
43264 

43681 
44100 

44521 
44944 

45369 

45796 

46225 

46656 

47089 
47524 

47961 

48400 

\/N 

12.8841 

12.9228 

12.9615 

13.0000 
13.0384 

13.0767 

13.1149 

13.1529 

13.1909 
13.2288 

13.2665 

13.3041 

13.3417 

13.3791 
13.4164 

13.4536 
13.4907 

13.5277 

13.5647 

13.6015 

13.6382 

13.6748 

13.7113 

13.7477 

13.7840 

13.8203 
13.8564 

13.8924 

13.9284 

13.9642 

14.0000 
14.0357 

14.0712 

14.1067 

14.1421 

14.1774 

14.2127 

14.2478 

14.2829 

14.3178 

14.3527 
14.3875 
14.4222 
14.4568 

14.4914 

14.5258 

14.5602 

14.5945 
14.6287 

14.6629 

14.6969 

14.7309 
14.7648 

14.7986 
14.8324 

l/N 

.00602410 

.00598802 

.00595238 

.00591716 

.00588235 

.00584795 

.00581395 

.00578035 

.00574713 

.00571429 

.00568182 

.00564972 

.00571798 

.00558659 

.00555556 

.00552486 

.00549451 

.00543478 

.00432378 

.00540541 

.00527634 

.00534759 

.00531915 

.00529101 

.00526316 

.00523560 

.00520833 

.00518135 

.00515464 

.00512821 

.00510204 

.00507614 

.00505051 

.00502513 

.00500000 

.00497512 

.00495050 

.00492611 

.00490196 

.00487805 

.00485437 

.00483092 

.00480769 

.00478469 

.00476190 

.00473934 

.00471698 

.00469484 

.00467290 

.00465116 

.00462963 

.00460829 

.00458716 

.00456621 

.00454545 

N 

221 
222 
223 
224 
225 

226 
227 
228 
229 
230 

231 
232 
233 
234 
235 

236 
237 
238 
239 
240 

241 
242 
243 
244 
245 

246 
247 
248 
249 
250 

251 
252 
253 
254 
255 

256 
257 
258 
259 
260 

261 
262 
263 
264 
265 

266 
267 
268 
269 
270 

271 
272 
273 
274 
275 

N2 

48841 

49284 

49729 
50176 

50625 

51076 

51529 

51984 
52441 

52900 

53361 

53824 

54289 

54756 

55225 

55696 

56169 

56644 
57121 

57600 

58081 
58564 

59049 

59536 

60025 

60516 

61009 
61504 

62001 

62500 

63001 

63504 

64009 

64516 

65025 

65536 

66049 

66564 
67081 

67600 

68121 

68644 

69169 
69696 

70225 

70756 

71289 

71824 

72361 

72900 

73441 

73984 

74529 

75076 

75625 

Vw 
14.8661 
14.8997 

14.9332 

14.9666 

15.0000 

15.0333 

15.0665 

15.0997 
15.1327 

15.1658 

15.1987 

15.2315 

15.2643 

15.2971 
15.3297 

15.3623 

15.3948 
15.4272 

15.4596 

15.4919 

15.5242 

15.5563 

15.5885 

15.6205 

15.6525 

15.6844 

15.7162 

15.7480 
15.7797 

15.8114 

15.8430 

15.8745 
15.9060 

15.9374 

15.9687 

16.0000 

16.0312 

16.0624 

16.0935 

16.1245 

16.1555 
16.1864 

16.2173 

16.2481 
16.2788 

16.3095 

16.3401 
16.3707 

16.4012 
16.4317 

16.4621 
16.4924 

16.5227 

16.5529 

16.5831 

l/N 

.00452489 

.00450450 

.00448430 

.00446429 

00444444 

.00442478 

.00440529 

.00438596 

.00436681 

.00434783 

.00432900 

.00431034 

.00429185 

.00427350 

.00425532 

.00423729 

.00421941 

.00420168 

.00418410 

.00416667 

.00414938 

.00413223 

.00411523 

.00409836 

.00408163 

.00406504 

.00404858 

.00403226 

.00401606 

.00400000 

.00398406 

.00396825 

.00395257 

.00393701 

.00392157 

.00390625 

.00389105 

.00387597 

.00386100 

.00384615 

.00382142 

.00381679 

.00380228 

.00378788 

.00377358 

.00375940 

.00374532 

.00373134 

.00371747 

.00370370 

.00369004 

.00367647 

.00366300 

.00364964 

.00363636 

TV 

276 
277 
278 
279 
280 

281 
282 
283 
284 
285 

286 
287 
288 
289 
290 

291 
292 
293 
294 
295 

296 
297 
298 
299 
300 

301 
302 
303 
304 
305 

306 
307 
308 
309 
310 

311 
312 
313 
314 
315 

316 
317 
318 
319 
320 

321 
322 
323 
324 
325 

326 
327 
328 
329 
330 

N2 

76176 

76729 
77284 

77841 

78400 

78961 
79524 

80089 

80656 

81225 

81796 

82369 
82944 

83521 

84100 

84681 
84264 

85849 

86436 

87025 

87616 

88209 

88804 

89401 

90000 

90601 
91204 

91809 

92416 

93025 

93636 

94249 
94864 

95481 

96100 

96721 

97344 

97969 

98596 

99225 

99856 

100489 
101124 

101761 

102400 

103041 

103684 

104329 

104976 

105625 

106276 

106929 
107584 

108241 

108900 

>JN 

16.6132 

16.6433 

16.6733 

16.7033 
16.7332 

16.7631 

16.7929 
16.8226 

16.8523 

16.8819 

16.9115 

16.9411 

16.9706 

17.0000 
17.0294 

17.0587 

17.0880 

17.1172 

17.1464 

17.1756 

17.2047 

17.2337 

17.2627 

17.2916 

17.3205 

17.3494 

17.3781 

17.4069 

17.4356 

17.4642 

17.4929 
17.5214 

17.5499 
17.5784 

17.6068 

17.6352 

17.6635 
17.6918 

17.7200 

17.7482 

17.7764 

17.8045 
17.8326 

17.8606 

17.8885 

17.9165 
17.9444 

17.9722 

18.0000 

18.0278 

18.0555 

18.0831 

18.1108 
18.1384 

18.1659 

l/N 

.00362319 

.00361011 

.00359712 

.00358423 

.00357143 

.00355872 

.00354610 

.00353357 

.00352113 

.00350877 

.00349650 

.00348432 

.00347222 

.00346021 

.00344828 

.00343643 

.00342466 

.00341297 

.00340136 

.00338983 

.00337838 

.00336700 

.00335570 

.00334448 

.00333333 

.00332226 

.00331126 

.00330033 

.00328047 

.00328947 

.00326797 

.00325733 

.00321675 

.00323625 

.00322581 

.00321543 

.00320513 

.00319489 

.00318471 

.00317460 

.00316456 

.00315457 

.00314465 

.00313480 

.00312500 

.00311526 

.00310559 

.00309598 

.00308642 

.00307692 

.00306748 

.00305810 

.00304878 

.00303951 

.00303030 
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N 

331 
332 
333 
334 
335 

336 
337 
338 
339 
340 

341 
342 
343 
344 
345 

346 
347 
348 
349 
350 

351 
352 
353 
354 
355 

356 
357 
358 
359 
360 

361 
362 
363 
364 
365 

366 
367 
368 
369 
370 

371 
372 
372 
374 
375 

376 
377 
378 
379 
380 

381 
382 
383 
384 
385 

N2 

109561 

110224 

110889 

111556 

112225 

112896 

113569 

114244 

114921 

115600 

116281 

116964 

117649 
118336 

119025 

119716 

120409 
121104 

121801 

122500 

123201 

123904 

124609 

125316 
126025 

126736 

127499 

128164 

128881 

129600 

130321 
131044 

131769 

132496 

133225 

133956 

134689 
135424 

136161 
136900 

137641 
138384 

139129 
139876 

140625 

141376 

142129 
142884 

143641 

144400 

145161 

145924 

146689 

147456 

148225 

y/N 

18.1934 

18.2209 
18.2483 

18.2757 

18.3030 

18.3303 

18.3576 

18.3848 

18.4120 

18.4391 

18.4662 

18.4932 

18.5203 

18.5472 

18.5742 

18.6011 

18.6279 
18.6548 

18.6815 

18.7083 

18.7350 

18.7617 

18.7883 

18.8149 
18.8414 

18.8680 
18.8944 

18.9209 

18.9473 

18.9737 

19.0000 

19.0263 

19.0526 

19.0788 

19.1050 

19.1311 

19.1572 

19.1833 
19.2094 
19.2354 

19.2614 

19.2873 

19.3132 
19.3391 

19.3649 

19.3907 

19.4165 
19.4422 

19.4679 

19.4936 

19.5192 

19.5448 
19.5704 

19.5959 
19.6214 

l/N 

.00302115 

.00301205 

.00300300 

.00299401 

.00298507 

.00297619 

.00296736 

.00295858 

.00294985 

.00294118 

.00293255 

.00292398 

.00291545 

.00290698 

.00289855 

.00289017 

.00288184 

.00287356 

.00286533 

.00285714 

.00284900 

.00284091 

.00282486 

.00281690 

.00280899 

.00280112 

.00279330 

.00278552 

.00277778 

.00277000 

.00276243 

.00275482 

.00274725 

.00273973 

.00273224 

.00272480 

.00271739 

.00271003 

.00270270 

.00269542 

.00268817 

.00268097 

.00267380 

.00266667 

.00265957 

.00265252 

.00264550 

.00263852 

.00263158. 

.00262467 

.00261780 

.00261097 

.00260417 

.00259740 

N 

386 
387 
388 
389 
390 

391 
392 
393 
394 
395 

396 
397 
398 
399 
400 

401 
402 
403 
404 
405 

406 
407 
408 
409 
410 

411 
412 
413 
414 
415 

416 
417 
418 
419 
420 

421 
422 
423 
424 
425 

426 
427 
428 
429 
430 

431 
432 
433 
434 
435 

436 
437 
438 
439 
440 

N2 

148996 

149769 
150544 

151321 

152100 

152881 
153664 

154449 

155236 

156025 

156816 

157609 

158404 

159201 

160000 

160801 

161604 

162409 

163216 

164025 

164836 

165649 
166464 

167281 

168100 

168921 

169744 

170569 

171396 

172225 

173056 

173889 

174724 

175561 

176400 

177241 

178084 

176929 

179776 

180625 

181476 

182329 
183184 

184041 

184900 

185761 

186624 

187489 

188356 

189225 

190096 

190969 
191844 

192721 
193600 

y/N 

19.6469 

19.6723 

19.6977 

19.7231 

19.7484 

19.7737 

19.7990 

19.8242 

19.8494 

19.8746 

19.8997 

19.9249 

19.9499 

19.9750 

20.0000 

20.0250 

20.0499 

20.0749 

20.0998 

20.1246 

20.1494 

20.1742 

20.1990 

20.2237 

20.2485 

20.2731 

20.2978 

20.3224 

20.3470 

20.3715 

20.3961 

20.4206 

20.4450 

20.4695 
20.4939 

20.5183 

20.5426 
20.5670 

20.5913 

20.6155 

20.6398 

20.6640 
20.6882 
20.7123 

20.7364 

20.7605 

20.7846 

20.8087 

20.8327 

20.8567 

20.8806 

20.9045 
20.9284 

20.9523 
20.9762 

l/N 

.00259067 

.00258398 

.00257732 

.00257069 

.00256410 

.00255754 

.00255102 

.00254453 

.00253807 

.00253165 

.00252525 

.00251889 

.00251256 

.00250627 

.00250000 

.00249377 

.00248756 

.00248139 

.00247525 

.00246914 

.00246305 

.00245700 

.00245098 

.00244499 

.00243902 

.00243309 

.00242718 

.00242131 

.00241546 

.00240964 

.00240385 

.00239808 

.00239234 

.00238663 

.00238095 

.00237530 

.00236967 

.00236407 

.00235849 

.00235294 

.00234742 

.00234192 

.00233645 

.00233100 

.00232558 

.00232019 

.00231481 

.00230947 

.00230415 

.00229885 

.00229358 

.00228833 

.00229311 

.00227790 

.00227273 

N 

441 
442 
443 
444 
445 

446 
447 
448 
449 

1 450 

451 
452 
453 
454 
455 

456 
457 
458 
459 
460 

461 
462 
463 
464 
465 

466 
467 
468 
469 
470 

471 
472 
473 
474 
475 

476 
477 
478 
479 
480 

481 
482 
483 
484 
485 

486 
487 
488 
489 
490 

491 
492 
493 
494 
495 

N2 

194481 

195364 

196249 

197136 

198025 

198916 

199809 
200704 

201601 

202500 

203401 
204304 

295209 

206116 

207025 

207936 

208849 
209764 

210681 

211600 

212521 

213444 

214369 

215296 

216225 

217156 

218089 

219024 

219961 

220900 

221841 

222784 

223729 

224676 
225625 

226576 

227529 

228484 
229441 

230400 

231361 

232324 

233289 
234256 

235225 

236196 

237169 

238144 
239121 

240100 

241081 

242064 

243049 

244036 

245025 

y/N 

21.0000 

21.0238 

21.0476 

21.0713 

21.0950 

21.1187 

21.1424 

21.1660 

21.1896 

21.2132 

21.2368 

21.2603 

21.2838 

21.3073 
21.3307 

21.3542 

21.3776 

21.4009 

21.4243 

21.4476 

21.4709 

21.4942 
21.5174 

21.5407 

21.5639 

21.5870 

21.6102 

21.6333 
21.6564 

21.6795 

21.7025 

21.7256 

21.7486 

21.7715 
21.7945 

21.8174 

21.8403 

21.8632 

21.8861 

21.9089 

21.9317 

21.9545 
21.9773 
22.0000 

22.0227 

22.0454 

22.0681 

22.0907 
22.1133 

22.1359 

22.1585 
22.1811 

22.2036 

22.2261 
22.2486 

\/N 

.00226757 

.00226244 

.00225734 

.00225225 

.00224719 

.00224215 

.00223714 

.00223214 

.00222717 

.00222222 

.00221729 

.00221239 

.00220751 

.00220264 

.00219870 

.00219298 

.00218818 

.00218341 

.00217865 

.00217391 

.00216920 

.00216450 

.00215983 

.00215517 

.00215054 

.00214592 

.00214133 

.00213675 

.00213220 

.00212766 

.00212314 

.00211864 

.00211416 

.00210970 

.00210526 

.00210084 

.00209644 

.00209205 

.00208768 

.00208333 

.00207900 

.00207469 

.00207039 

.00206612 

.00206186 

.00205761 

.00205339 

.00204918 

.00204499 

.00204082 

.00203666 

.00203252 

.00202840 

.00202429 

.00202020 
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N 

496 
497 
498 
499 
500 

501 
502 
503 
504 
505 

506 
507 
508 
509 
510 

511 
512 
513 
514 
515 

516 
517 
518 
519 
520 

521 
522 
523 
524 
525 

526 
527 
528 
529 
530 

531 
532 
533 
534 
535 

536 
537 
538 
539 
540 

541 
542 
543 
544 
545 

546 
547 
548 
549 
550 

N2 

246016 

247009 

248004 

249001 

250000 

251001 

252004 

253009 

254016 

255025 

256036 

257049 
258064 

259081 

260100 

261121 

262144 

263169 

264196 

265225 

266256 

267289 

268324 

269361 

270400 

271441 

272484 

273529 

274576 

275625 

276676 

277729 

278784 

279841 

280900 

281961 

283024 

284089 

285156 

286225 

287296 

288369 
289444 
290521 

291600 

292681 
293764 

294849 

295936 
297025 

298116 

299209 

300304 

301401 

302500 

y/N 

22.2711 

22.2935 

22.3159 

22.3383 

22.3607 

22.3830 
22.4054 

22.4277 

22.4499 

22.4722 

22.4944 

22.5167 

22.5389 

22.5610 

22.5832 

22.6053 

22.6274 

22.6495 

22.6716 

22.6936 

22.7156 

22.7376 

22.7816 

22.8035 

22.8254 

22.8473 

22.8692 

22.8910 

22.9129 

22.9347 

22.9565 

22.9783 

23.0000 

23.0217 

23.0434 

23.0651 

23.0868 

23.1084 

23.1301 

23.1517 

23.1733 

23.1948 
23.2164 

23.2379 

23.2594 

23.2809 
23.3024 

23.3238 
23.3452 

23.3666 

23.2880 

23.4094 

23.4307 

23.4521 

l/N 

.00201613 

.00201207 

.00200803 

.00200401 

.00200000 

.00199601 

.00199203 

.00198807 

.00198413 

.00298020 

.00197628 

.00197239 

.00196850 

.00196464 

.00196078 

.00195695 

.00195312 

.00194932 

.00194553 

.00194175 

.00193798 

.00193424 

.00193050 

.00192678 

.00192308 

.00191939 

.00191571 

.00191205 

.00190840 

.00190476 

.00190114 

.00189753 

.00189394 

.00189036 

.00188679 

.00188324 

.00187970 

.00187617 

.00187266 

.00186916 

.00186567 

.00186220 

.00185874 

.00185529 

.00185185 

.00184843 

.00184502 

.00184162 

.00183824 

.00183486 

.00183150 

.00182815 

.00182482 

.00183149 

.00181818 

N 

551 
552 
553 
554 
555 

556 
557 
558 
559 
560 

561 
562 
563 
564 
565 

566 
567 
568 
569 
570 

571 
572 
573 
574 
575 

576 
577 
578 
579 
580 

581 
582 
583 
584 
585 

586 
587 
588 
589 
590 

591 
592 
593 
594 
595 

596 
597 
598 
599 
600 

601 
602 
603 
604 
605 

N2 

303601 

304704 

305809 
306916 

308025 

309136 

310249 
311364 

312481 

313600 

314721 
315844 

316969 

318096 

319225 

320356 

321489 
322624 

323761 

324900 

326041 

327184 

328329 

329476 

330625 

331776 

332929 

334084 
335241 

336400 

337561 

338724 

339889 

341056 

342225 

343396 

344569 
345744 

346921 

348100 

349281 
350464 

351649 

352836 

354025 

355216 

356409 
357604 

358801 

360000 

361201 
302404 

363609 

364816 

366025 

y/N 

23.4734 

23.4947 

23.5160 

23.5372 

23.5584 

23.5797 

23.6008 

23.6220 

23.6432 

23.6643 

23.6854 
23.7065 

23.7276 

23.7487 

23.7697 

23.7908 

23.8118 

23.8328 
23.8537 

23.8747 

23.8956 

23.9165 

23.9374 
23.9583 

23.9792 

24.0000 

24.0208 

24.0416 
24.0624 

24.0832 

24.1039 

24.1247 

24.1454 

24.1661 

24.1868 

24.2074 

24.2281 
24.2487 

24.2693 

24.2899 

24.3105 

24.3311 

24.3516 

24.3721 

24.3926 

24.4131 

24.4336 

24.4540 

24.4745 

24.4949 

24.5153 
24.5357 

24.5561 
24.5764 

24.5967 

l/N 

.00181488 

.00181159 

.00180832 

.00180505 

.00180180 

.00179856 

.00179533 

.00179211 

.00178891 

.00178571 

.00178253 

.00177936 

.00177620 

.00177305 

.00176991 

.00176678 

.00176367 

.00176056 

.00175747 

.00175439 

.00175131 

.00164825 

.00174520 

.00174216 

.00173913 

.00173611 

.00173310 

.00173010 

.00172712 

.00172414 

.00172117 

.00171821 

.00171527 

.00171233 

.00170940 

.00170648 

.00170358 

.00170068 

.00169779 

.00169492 

.00169205 

.00168919 

.00168634 

.00168350 

.00168067 

.00167785 

.00167504 

.00167224 

.00166945 

.00166667 

.00166389 

.00166113 

.00165837 

.00165563 

.00165289 

N 

606 
607 
608 
609 
610 

611 
612 
613 
614 
615 

616 
617 
618 
619 
620 

621 
622 
623 
624 
625 

626 
627 
628 
629 
630 

631 
632 
633 
634 
635 

636 
637 
638 
639 
640 

641 
642 
643 
644 
645 

646 
647 
648 
649 
650 

651 
652 
653 
654 
655 

656 
657 
658 
659 
660 

N2 

367236 

368449 
369664 

370881 

372100 

373321 
374544 

375769 
376996 

378225 

379456 

380689 
381924 

383161 

384400 

385641 

386884 

388129 

389376 

390625 

391876 

393129 
394384 

395641 

396900 

398161 

399424 

400689 

401956 
403225 

404496 

405769 

407044 

408321 

409600 

410881 

412164 

413449 
414736 

416025 

417316 

418609 
419904 

421201 

422500 

423801 
425104 

426409 

427716 

429025 

430336 

431649 
432964 

434281 

435600. 

x/N 

24.6171 

24.6374 

24.6577 

24.6779 

24.6982 

23.7184 

24.7386 

24.7588 
24.7790 

24.7992 

24.8193 

24.8395 

24.8596 
24.8797 

24.8998 

24.9199 

24.9399 

24.9600 

24.9800 

25.0000 

25.0200 

25.0400 

25.0599 

25.0799 

25.0998 

25.1197 

25.1396 

25.1595 
25.1794 
25.1992 

25.2190 

25.2389 

25.2587 

25.2784 

25.2982 

25.3180 
25.3377 

25.3574 

25.3772 

25.3969 

25.4165 
25.4362 

25.4558 

25.4755 

25.4951 

25.5147 

25.5343 

25.5539 

25.5734 

25.5930 

25.6125 

25.6320 

25.6515 

25.6710 

25.6905 

l/N 

.00165017 

.00164745 

.00164474 

.00164204 

.00163934 

.00163666 

.00163399 

.00163132 

.00162866 

.00162602 

.00162338 

.00162075 

.00161812 

.00161551 

.00161290 

.00161031 

.00160772 

.00160514 

.00160256 

.00160000 

.00159744 

.00159490 

.00159236 

.00158983 

.00158730 

.00158479 

.00158228 

.00157978 

.00157729 

.00157480 

.00157233 

.00156986 

.00156740 

.00156495 

.00156250 

.00156006 

.00155763 

.00155521 

.00155280 

.00155039 

.00154799 

.00154560 

.0015432! 

.00154083 

.00153846 

.00153610 

.00153374 

.00153139 

.00152905 

.00152672 

.00152439 

.00152207 

.00151976 

.00151745 

.00151515 
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N 

661 
662 
663 
664 
665 

666 
667 
668 
669 
670 

671 
672 
673 
674 
765 

676 
677 
678 
679 
680 

681 
682 
683 
684 
685 

686 
687 
688 
689 
690 

691 
692 
693 
694 
695 

696 
697 
698 
699 
700 

701 
702 
703 
704 
705 

706 
707 
708 
709 
710 

711 
712 
713 
714 
715 

N2 

436921 

438244 

439569 
440896 

442225 

443556 

444889 

446224 

447561 

448900 

450241 

451584 

452929 

454276 

455625 

456976 

458329 

459684 

461041 

462400 

463761 

465124 

466489 

467856 

469225 

470596 

471969 

473344 

474721 

476100 

477481 

478864 

480249 

481636 

483025 

.484416 
485809 
487204 

488601 

490000 

491401 
492804 

494209 
495616 

497025 

498436 

499849 
501264 

502681 

504100 

505521 
506944 

508369 

509796 

511225 

y/N 

25.7099 

25.7294 

25.7488 
25.7682 

25.7876 

25.8070 

25.8263 

25.8457 

25.8650 

25.8844 

25.9037 

25.9230 
25.9422 

25.9615 

25.9808 

26.0000 

26.0192 

26.0384 

26.0576 

26.0768 

26.0960 

26.1151 

26.1343 

26.1534 

26.1725 

26.1916 

26.2107 

26.2298 

26.2488 

26.2679 

26.2869 

26.3059 

26.3249 

26.3439 

26.3629 

26.3818 
26.4008 
26.4197 

26.4386 

26.4575 

26.4764 

26.4953 

26.5141 

26.5330 

26.5518 

26.5707 

26.5895 

26.6083 
26.6271 

26.6458 

26.6646 

26.6833 

26.7021 

26.7208 

26.7395 

l/N 

.00151286 

.00151057 

.00150830 

.00150602 

.00150376 

.00150150 

.00149925 

.00149701 

.00149477 

.00149254 

.00149031 

.00148810 

.00148588 

.00148368 

.00148148 

.00147929 

.00147710 

.00147493 

.00147275 

.00147059 

.00146843 

.00146628 

.00146413 

.00146199 

.00145985 

.00145773 

.00145560 

.00145349 

.00145138 

.00144928 

.00144718 

.00144509 

.00144300 

.00144092 

.00143885 

.00143678 

.00143472 

.00143266 

.00143062 

.00142857 

.00142653 

.00142450 

.00142248 

.00142045 

.00141844 

.00141643 

.00141443 

.00141243 

.00141044 

.00140845 

.00140647 

.00140449 

.00140252 

.00140056 

.00139860 

N 

716 
717 
718 
719 
720 

721 
722 
723 
724 
725 

726 
111 
728 
729 
730 

731 
732 
733 
734 
735 

736 
737 
738 
739 
740 

741 
742 
743 
744 
745 

746 
747 
748 
749 
750 

751 
752 
753 
754 
755 

756 
757 
758 
759 
760 

761 
762 
763 
764 
765 

766 
767 
768 
769 
770 

N2 

512656 

514089 
515524 

516961 

518400 

519841 

521284 

522729 

524176 

525625 

527076 

528529 

529984 

531441 

532900 

534361 
535824 

537289 

538756 

540225 

541696 

543169 

544644 

546121 

547600 

549081 
550564 

552049 

553536 

555025 

556516 

558009 
559504 

561001 
562500 

564001 
565504 

567009 

568516 

570025 

571536 

573049 
574564 

576081 

577600 

579121 
580644 

582169 
583696 

585225 

586756 

588289 

589824 

591361 
592900 

y/N 

26.7582 

26.7769 

26.7955 

26.8142 

26.8328 

26.8514 

26.8701 
26.8887 

26.9072 

26.9258 

26.9444 

26.9629 

26.9815 

27.0000 

27.0185 

27.0370 

27.0555 

27.0740 

27.0924 

27.1109 

27.1293 

27.1477 

27.1662 

27.1846 

27.2029 

27.2213 

27.2397 

27.2580 
27.2764 

27.2947 

27.3130 

27.3313 

27.3496 

27.3679 
27.3861 

27.4044 

27.4226 
27.4408 

27.4591 

27.4773 

27.4955 
27.5136 

27.5318 

27.5500 

27.5681 

27.5862 

27.6043 
27.6225 

27.6405 

27.6586 

27.6767 

27.6948 

27.7128 

27.7308 

27.7489 

l/N 

.00139665 

.00139470 

.00139276 

.00139082 

.00138889 

.00138696 

.00138504 

.00138313 

.00138122 

.00137931 

.00137741 

.00137552 

.00137363 

.00137174 

.00136986 

.00136799 

.00136612 

.00136426 

.00136240 

.00136054 

.00135870 

.00135685 

.00135501 

.00135318 

.00135135 

.00134953 

.00134771 

.00134590 

.00134409 

.00134228 

.00134048 

.00133869 

.00133690 

.00133511 

.00133333 

.00133156 

.00132979 

.00132802 

.00132626 

.00132450 

.00132275 

.00132100 

.00131926 

.00131752 

.00131579 

.00131406 

.00131234 

.00131062 

.00130890 

.00130719 

.00130548 

.00130378 

.00130208 

.00130039 

.00129870 

N 

771 
772 
773 
774 
775 

776 
777 
778 
779 
780 

781 
782 
783 
784 
785 

786 
787 
788 
789 
790 

791 
792 
793 
794 
795 

796 
797 
798 
799 
800 

801 
802 
803 
804 
805 

806 
807 
808 
809 
810 

811 
812 
813 
814 
815 

816 
817 
818 
819 
820 

821 
822 
823 
824 
825 

N2 

594441 

595984 

597529 

599076 

600625 

602176 

603729 
605284 

606841 

608400 

609961 

611524 

613089 
614656 

616225 

617796 

619369 

620944 

622521 

624100 

625681 

627264 

628849 
63Ö436 

632025 

633616 

635209 

636804 

628401 

640000 

641601 
643204 

644809 

646416 

648025 

649636 

651249 
625864 

654481 

656100 

657721 
659344 

660969 
662596 

664225 

665856 

667489 
669124 

670761 

672400 

674041 

675684 

677329 

678976 

680625 

y/N 

27.7669 

27.7849 

27.8029 

27.8209 

27.8388 

27.8568 

27.8747 

27.8927 

27.9106 

27.9285 

27.9464 

27.9643 

27.9821 

28.0000 

28.0179 

28.0357 

28.0535 

28.0713 

28.0891 

28.1069 

28.1247 

28.1425 

28.1603 
28.1780 

28.1957 

28.2135 

28.2312 

28.2489 

28.2666 

28.2843 

28.3019 

28.3196 

28.3373 

28.3549 

28.3725 

28.3901 

28.4077 

28.4253 

28.4429 

28.4605 

28.4781 

28.4956 

28.5132 
28.5307 

28.5482 

28.5657 

28.5832 

28.6007 
28.6182 

28.6356 

28.6531 

28.6705 

28.6880 

28.7054 

28.7228 

l/N 

.00129702 

.00129534 

.00129366 

.00129199 

.00129032 

.00128866 

.00128700 

.00128535 

.00128370 

.00128205 

.00128041 

.00127877 

.00127714 

.00127551 

.00127389 

.00127226 

.00127065 

.00126904 

.00126743 

.00126582 

.00126422 

.00126263 

.00126103 

.00125945 

.00125786 

.00125628 

.00125471 

.00125313 

.00125156 

.00125000 

.00124844 

.00124688 

.00124533 

.00124373 

.00124224 

.00124069 

.00123916 

.00123762 

.00123609 

.00123457 

.00123305 

.00123153 

.00123001 

.00122850 

.00122699 

.00122549 

.00122399 

.00122249 

.00122100 

.00121951 

.00121803 

.00121655 

.00121507 

.00121359 

.00121212 
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N 

826 
827 
828 
829 
830 

831 
832 
833 
834 
835 

836 
837 
838 
839 
840 

841 
842 
843 
844 
845 

846 
847 
848 
849 
850 

851 
852 
853 
854 
855 

856 
857 
858 
859 
860 

861 
862 
963 
864 
865 

866 
867 
868 
869 
870 

871 
872 
873 
874 
875 

876 
877 
878 
879 
880 

N2 

682276 

683929 
685584 

687241 

688900 

690561 

692224 

693889 
695556 

697225 

698896 

700569 

702244 

702244 

705600 

707281 

708964 

710649 
712336 

714025 

715716 

717409 

719104 

720801 

722500 

724201 
725904 

727509 
729316 

731025 

732736 

734449 

736164 

737881 

739600 

741321 
743044 

744769 
746496 

784225 

749956 
751689 
753424 

755161 

756900 

758641 
760384 

762129 

763876 

765625 

767376 

769129 
770884 

772641 

774400 

yjN 

28.7402 

28.7576 

28.7750 
28.7924 

28.8097 

28.8271 

28.8444 

28.8617 

28.8791 
28.8964 

28.9137 

28.9310 

28.9482 

28.9655 
28.9828 

29.0000 

29.0172 

29.0345 
29.0517 

29.0689 

29.0861 

29.1033 

29.1204 

29.1376 

29.1548 

29.1719 

29.1890 

29.2062 
29.2233 

29.2404 

29.2575 

29.2746 

29.2916 

29.3087 

29.3258 

29.3428 

29.3598 

29.3769 

29.3939 
29.4109 

29.4279 
29.4449 

29.4618 

29.4788 

29.4958 

29.5127 
29.5296 

29.5466 

29.5635 
29.5804 

29.5973 

29.6142 

29.6311 

29.6479 

29.6848 

l/N 

.00121065 

.00120919 

.00120773 

.00120627 

.00120482 

.00120337 

.00120192 

.00120048 

.00119904 

.00119760 

.00119617 

.00119474 

.00119332 

.00119190 

.00119048 

.00118906 

.00118765 

.00118624 

.00118483 

.00118343 

.00118203 

.00118064 

.00117925 

.00117786 

.00117647 

.00117509 

.00117371 

.00117233 

.00117096 

.00116959 

.00116822 

.00116686 

.00116550 

.00116414 

.00116279 

.00116144 

.00116009 

.00115875 

.00115741 

.00115607 

.00115473 

.00115340 

.00115207 

.00115075 

.00114943 

.00114811 

.00114679 

.00114548 

.00114416 

.00114286 

.00114155 

.00114025 

.00113895 

.00113766 

.00113636 

N 

881 
882 
883 
884 
885 

886 
887 
888 
889 
890 

891 
892 
893 
894 
895 

896 
897 
898 
899 
900 

901 
902 
903 
904 
905 

906 
907 
908 
909 
910 

911 
912 
913 
914 
915 

916 
917 
918 
919 
920 

921 
922 
923 
924 
925 

926 
927 
928 
929 
930 

931 
932 
933 
934 
935 

N2 

776161 

777924 

779689 

781456 

783225 

784996 

786769 
788544 

790321 

792100 

793881 

795664 

797449 

799236 

801025 

902816 

804609 
806404 

808201 

810000 

811801 

813604 

815409 

817216 

819025 

820836 

822649 
824464 

826281 

828100 

829921 

831744 

833569 

835396 
837225 

839056 

840889 
842724 

844561 

846400 

848241 

850084 

851929 

853776 

855625 

857476 

859329 
861184 

863041 

864900 

866761 
868624 

870489 

872356 
874225 

y/N 

29.6816 

29.6985 

29.7153 

29.7321 

29.7489 

29.7658 
29.7825 

29.7993 

29.8161 

29.8329 

29.8496 

29.8664 

29.8831 

29.8998 

29.9166 

29.9333 

29.9500 

29.9666 
29.9833 

30.0000 

30.0167 

30.0333 

30.0500 

30.0666 

30.0832 

30.0998 

30.1164 

30.1330 
30.1496 

30.1662 

30.1828 

30.1993 

30.2159 

30.2324 

30.2490 

30.2655 

30.2820 

30.2985 
30.3150 

30.3315 

30.3480 

30.3645 

30.3809 
30.3974 
30.4138 

30.4302 

30.4467 
30.4631 

30.4795 

30.4959 

30.5123 

30.5287 

30.5450 

30.5614 

30.5778 

l/N 

.00113507 

.00113379 

.00113250 

.00113122 

.00113994 

.00112867 

.00112740 

.00112613 

.00112486 

.00112360 

.00112233 

.00112108 

.00111982 

.00111857 

.00111732 

.00111607 

.00111483 

.00111359 

.00111235 

.00111111 

.00110988 

.00110865 

.00110742 

.00110619 

.00110497 

.00110375 

.00110254 

.00110132 

.00110011 

.00109890 

.00109769 

.00109649 

.00109529 

.00109409 

.00109290 

.00109170 

.00109051 

.00108932 

.00108814 

.00108696 

.00108578 

.00108460 

.00108342 

.00108225 

.00108108 

.00107991 

.00107875 

.00107759 

.00107643 

.00107527 

.00107411 

.00107296 

.00107181 

.00107066 

.00106952 

TV 

936 
937 
938 
939 
940 

941 
942 
943 
944 
945 

946 
947 
948 
949 
950 

951 
952 
953 
954 
955 

956 
957 
958 
959 
960 

961 
962 
963 
964 
965 

966 
967 
968 
969 
970 

971 
972 
973 
974 
975 

976 
977 
978 
979 
980 

981 
982 
983 
984 
985 

986 
987 
988 
989 
990 

N2 

876096 
877969 

879844 

881721 

883600 

885481 
887364 

889249 

891136 

893025 

894916 

896809 
898704 

900601 

902500 

904401 

906304 

908209 

910116 

912025 

913936 

915849 

917764 

919681 

921600 

923521 

925444 

927369 

929296 

931225 

933156 

935089 

937024 

938961 

940900 

942841 

944784 

946729 

948676 
950625 

952576 
954529 

956484 

958441 

960400 

962361 

964324 
966289 

968256 
970225 

972196 

974169 
976144 

978121 

980100 

y/N 

30.5941 

30.6105 
30.6268 

30.6431 

30.6594 

30.6757 

30.6920 

30.7083 
30.7246 

30.7409 

30.7571 

30.7734 

30.7896 
30.8058 

30.8221 

30.8383 

30.8545 
30.8707 

30.8869 

30.9031 

30.9192 

30.9354 

30.9516 

30.9677 

30.9839 

31.0000 

31.0161 
31.0322 

31.0483 
31.0644 

31.0805 

31.0966 

31.1127 

31.1288 

31.1448 

31.1609 

31.1769 
31.1929 

31.2090 
31.2250 

31.2410 
31.2570 

31.2730 

31.2890 

31.3050 

31.3209 

31.3369 
31.3528 

31.3688 
31.3847 

31.4006 

31.4166 

31.4325 
31.4484 

31.4643 

l/N 

.00106838 

.00106724 

.00106610 

.00106496 

.00106383 

.00106270 

.00106157 

.00106045 

.00105932 

.00105820 

.00105708 

.00105597 

.00105485 

.00105374 

.00105263 

.00105152 

.00105042 

.00104932 

.00104822 

.00104712 

.00104603 

.00104493 

.00104384 

.00104275 

.00104167 

.00104058 

.00103950 

.00103842 

.00103734 

.00103627 

.00103520 

.00103413 

.00103306 

.00103199 

.00103093 

.00102987 

.00102881 

.00102775 

.00102669 

.00102564 

.00102459 

.00102354 

.00102249 

.00102145 

.00102041 

.00101937 

.00101833 

.00101729 

.00101626 

.00101523 

.00101420 

.00101317 

.00101215 

.00101112 

.00101010 
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N N2 s/N l/N 

991 
992 
993 
994 
995 

982081 
984064 

986049 

988036 

990025 

31.4802 

31.4960 

31.5119 

31.5278 
31.5436 

.00100908 

.00100806 

.00100705 

.00100604 

.00100503 

N N2 yjN I IN 

996 992016 31.5595 .00100402 

997 994009 31.5753 .00103842 

998 996004 31.5911 .00100200 

999 998001 31.6070 .00100100 

1000 1000000 31.6228 .00100000 



APPENDIX C 

Significance Levels 
from Normal Curve* 

The values in this table represent the proportional area beyond z 
in the normal curve, with a mean of 0, a standard deviation (s) of 
1.00, and a total area of 1.00. Since the normal curve is symmetrical, 
values are the same for either positive or negative z (one-tail sig-
nificance level). Two-tail tests of significance would have values twice 
as large. For example, a z = 2.33 would indicate a significant difference 
(reject the null hypothesis) at the .0099 level for a one-tail test and at 
.0198 (2 X .0099) for a two-tail test. 

Significance level found 
in following table 

* Taken from "Fundamentals of Behavioral Statistics," 2nd Ed. R. P. Runyon 
and A. Haber. Addison-Wesley, Reading, Massachusetts (1971). 



z 

0.00 

0.01 

0.02 

0.03 
0.04 

0.05 

0.06 

0.07 
0.08 

0.09 

0.10 

0.11 

0.12 

0.13 
0.14 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

0.23 
0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 

0.32 

0.33 
0.34 

0.35 
0.36 

0.37 

0.38 

0.39 

-0.40 
0.41 

0.42 

0.43 

0.44 

0.45 
0.46 

0.47 

0.48 

0.49 

0.50 

0.51 
0.52 

0.53 

0.54 

Area 

beyond 

z 
.5000 

.4960 

.4920 

.4880 

.4840 

.4801 

.4761 

.4721 

.4681 

.4641 

.4602 

.4562 

.4522 

.4483 

.4443 

.4404 

.4364 

.4325 

.4286 

.4247 

.4207 

.4168 

.4129 

.4090 

.4052 

.4013 

.3974 

.3936 

.3897 

.3859 

.3821 

.3783 

.3745 

.3707 

.3669 

.3632 

.3594 

.3557 

.3520 

.3483 

.3446 

.3409 

.3372 

.3336 

.3300 

.3264 

.3228 

.3192 

.3156 

.3121 

.3085 

.3050 

.3015 

.2981 

.2946 

z 

0.55 

0.56 
0.57 

0.58 

0.59 

0.60 

0.61 

0.62 

0.63 
0.64 

0.65 

0.66 

0.67 
0.68 

0.69 

0.70 

0.71 

0.72 

0.73 
0.74 

0.75 

0.76 
0.77 

0.78 

0.79 

0.80 

0.81 

0.82 

0.83 

0.84 

0.85 

0.86 

0.87 

0.88 

0.89 

0.90 
0.91 

0.92 

0.93 

0.94 

0.95 

0.96 
0.97 
0.98 

0.99 

1.00 
1.01 

1.02 
1.03 

1.04 

1.05 
1.06 

1.07 

1.08 

1.09 

Area 
beyond 

z 
.2912 

.2877 

.2843 

.2810 

.2776 

.2743 

.2709 

.2676 

.2643 

.2611 

.2578 

.2546 

.2514 

.2483 

.2451 

.2420 

.2389 

.2358 

.2327 

.2296 

.2266 

.2236 

.2206 

.2177 

.2148 

.2119 

.2090 

.2061 

.2033 

.2005 

.1977 

.1949 

.1922 

.1894 

.1867 

.1841 

.1814 

.1788 

.1762 

.1736 

.1711 

.1685 

.1660 

.1635 

.1611 

.1587 

.1562 

.1539 

.1515 

.1492 

.1469 

.1446 

.1423 

.1401 

.1379 

z 

1.10 

1.11 

1.12 

1.13 

1.14 

1.15 

1.16 

1.17 

1.18 

1.19 

1.20 

1.21 

1.22 

1.23 
1.24 

1.25 

1.26 

1.27 

1.28 

1.29 

1.30 

1.31 

1.32 

1.33 
1.34 

1.35 

1.36 

1.37 

1.38 

1.39 

1.40 
1.41 

1.42 

1.43 

1.44 

1.45 
1.46 

1.47 

1.48 

1.49 

1.50 

1.51 
1.52 

1.53 
1.54 

1.55 

1.56 

1.57 

1.58 

1.59 

1.60 
1.61 

1.62 

1.63 

1.64 

Area 

beyond 

z 

.1357 

.1335 

.1314 

.1292 

.1271 

.1251 

.1230 

.1210 

.1190 

.1170 

.1151 

.1131 

.1112 

.1093 

.1075 

.1056 

.1038 

.1020 

.1003 

.0985 

.0968 

.0951 

.0934 

.0918 

.0901 

.0885 

.0869 

.0853 

.0838 

.0823 

.0808 

.0793 

.0778 

.0764 

.0749 

.0735 

.0721 

.0708 

.0694 

.0681 

.0668 

.0655 

.0643 

.0630 

.0618 

.0606 

.0594 

.0582 

.0571 

.0559 

.0548 

.0537 

.0526 

.0516 

.0505 

z 

1.65 

1.66 

1.67 

1.68 

1.69 

1.70 

1.71 

1.72 
1.73 

1.74 

1.75 

1.76 

1.77 

1.78 

1.79 

1.80 

1.81 

1.82 

1.83 

1.84 

1.85 

1.86 

1.87 

1.88 

1.89 

1.90 

1.91 

1.92 

1.93 

1.94 

1.95 

1.96 

1.97 

1.98 

1.99 

2.00 

2.01 
2.02 

2.03 
2.04 

2.05 
2.06 

2.07 

2.08 

2.09 

2.10 
2.11 

2.12 

2.13 
2.14 

2.15 
2.16 

2.17 

2.18 

2.19 

Area 
beyond 

z 
.0495 

.0485 

.0475 

.0465 

.0455 

.0446 

.0436 

.0427 

.0418 

.0409 

.0401 

.0392 

.0384 

.0375 

.0367 

.0359 

.0351 

.0344 

.0336 

.0329 

.0322 

.0314 

.0307 

.0301 

.0294 

.0287 

.0281 

.0274 

.0268 

.0262 

.0256 

.0250 

.0244 

.0239 

.0233 

.0228 

.0222 

.0217 

.0212 

.0207 

.0202 

.0197 

.0192 

.0188 

.0183 

.0179 

.0174 

.0170 

.0166 

.0162 

.0158 

.0154 

.0150 

.0146 

.0143 

z 

2.20 

2.21 

2.22 

2.23 

2.24 

2.25 
2.26 

2.27 
2.28 

2.29 

2.30 

2.31 

2.32 

2.33 

2.34 

2.35 

2.36 

2.37 

2.38 

2.39 

2.40 

2.41 

2.42 

2.43 

2.44 

2.45 

2.46 

2.47 

2.48 

2.49 

2.50 

2.51 

2.52 

2.53 
2.54 

2.55 

2.56 

2.57 

2.58 

2.59 

2.60 

2.61 

2.62 

2.63 

2.64 

2.65 

2.66 

2.67 

2.68 

2.69 

2.70 

2.71 

2.72 

2.73 

Area 
beyond 

z 
.0139 

.0136 

.0132 

.0129 

.0125 

.0122 

.0119 

.0116 

.0113 

.0110 

.0107 

.0104 

.0102 

.0099 

.0096 

.0094 

.0091 

.0089 

.0087 

.0084 

.0082 

.0080 

.0078 

.0075 

.0073 

.0071 

.0069 

.0068 

.0066 

.0064 

.0062 

.0060 

.0059 

.0057 

.0055 

.0054 

.0052 

.0051 

.0049 

.0048 

.0047 

.0045 

.0044 

.0043 

.0041 

.0040 

.0039 

.0038 

.0037 

.0036 

.0035 

.0034 

.0033 

.0032 

z 

2.74 

2.75 
2.76 

2.77 

2.78 

2.79 

2.80 

2.81 

2.82 

2.83 

2.84 

2.85 

2.86 

2.87 

2.88 

2.89 

2.90 

2.91 

2.92 

2.93 

2i94 

2.95 

2.96 

2.97 

2.98 

2.99 

3.00 

3.01 

3.02 

3.03 

3.04 

3.05 

3.06 
3.07 

3.08 

3.09 
3.10 

3.11 

3.12 

3.13 

3.14 

3.15 
3.16 

3.17 

3.18 

3.19 

3.20 

3.21 
3.22 

3.23 

3.24 

3.25 

3.30 

3.35 

Area 
beyond 

z 
.0031 

.0030 

.0029 

.0028 

.0027 

.0026 

.0026 

.0025 

.0024 

.0023 

.0023 

.0022 

.0021 

.0021 

.0020 

.0019 

.0019 

.0018 

.0018 

.0017 

.0016 

.0016 

.0015 

.0015 

.0014 

.0014 

.0013 

.0013 

.0013 

.0012 

.0012 

.0011 

.0011 

.0011 

.0010 

.0010 

.0010 

.0009 

.0009 

.0009 

.0008 

.0008 

.0008 

.0008 

.0007 

.0007 

.0007 

.0007 

.0006 

.0006 

.0006 

.0006 

.0005 

.0004 

Area 

z beyond 

z 
3.40 .0003 

3.45 .0003 

3.50 .0002 

3.60 .0002 

3.70 .0001 

3.80 .0001 

3.90 .00005 

4.00 .00003 
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APPENDIXD 

Table of X2* 

* Taken from "Fundamentals of Behavioral Statistics," 2nd Ed. R. P. Runyon 
and A. Haber. Addison-Wesley, Reading, Massachusetts (1971). 



Degrees 
of 

freedom 
df 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

P=.99 

.000157 

.0201 

.115 

.293 

.554 

.872 
1.239 
1.646 
2.088 
2.558 

3.053 
3.571 
4.107 
4.660 
5.229 

5.812 
6.408 
7.015 
7.633 
8.260 

8.897 
9.542 

10.196 
10.856 
11.524 

12.198 
12.879 
13.565 
14.256 
14.953 

P=.98 

.000628 

.0404 

.185 

.429 

.752 

1.134 
1.564 
2.032 
2.532 
3.059 

3.609 
4.178 
4.765 
5.368 
5.985 

fr.614 
7.255 
7.906 
8.567 
9.237 

9.915 
10.600 
11.293 
11.992 
12.697 

13.409 
14.125 
14.847 
15.574 
16.306 

P=.95 

.00393 

.103 

.352 

.711 
1.145 

1.635 
2.167 
2.733 
3.325 
3.940 

4.575 
5.226 
5.892 
6.571 
7.261 

7.962 
8.672 
9.390 

10.117 
10.851 

11.591 
12.338 
13.091 
13.848 
14.611 

15.379 
16.151 
16.928 
17.708 
18.493 

P= .90 

.0158 

.211 

.584 
1.064 
1.610 

2.204 
2.833 
3.490 
4.168 
4.865 

5.578 
6.304 
7.042 
7.790 
8.547 

9.312 
10.085 
10.865 
11.651 
12.443 

13.240 
14.041 
14.848 
15.659 
16.473 

17.292 
18.114 
18.939 
19.768 
20.599 

P=.80 

.0642 

.446 
1.005 
1.649 
2.343 

3.070 
3.822 
4.594 
5.380 
6.179 

6.989 
7.807 
8.634 
9.467 

10.307 

11.152 
12.002 
12.857 
13.716 
14.578 

15.445 
16.314 
17.187 
18.062 
18.940 

19.820 
20.703 
21.588 
22.475 
23.364 

/>=.70 

.148 

.713 
1.424 
2.195 
3.000 

3.828 
4.671 
5.527 
6.393 
7.267 

8.148 
9.034 
9.926 

10.821 
11.721 

12.624 
13.531 
14.440 
15.352 
16.266 

17.182 
18.101 
19.021 
19.943 
20.867 

21.792 
22.719 
23.647 
24.577 
25.508 

P= .50 

.455 
1.386 
2.366 
3.357 
4.351 

5.348 
6.346 
7.344 
8.343 
9.342 

10.341 
11.340 
12.340 
13.339 
M.339 

15.338 
16.338 
17.338 
18.338 
19.337 

20.337 
21.337 
22.337 
23.337 
24.337 

25.336 
26.336 
27.336 
28.336 
29.336 

P=.30 

1.074 
2.408 
3.665 
4.878 
6.064 

7.231 
8.383 
9.524 

10.656 
11.781 

12.899 
14.011 
15.119 
16.222 
1 7 ^ 2 

18.418 
19.511 
20.601 
21.689 
22.775 

23.858 
24.939 
26.018 
27.096 
28.172 

29.246 
30.319 
31.391 
32.461 
33.530 

P=.20 

1.642 
3.219 
4.642 
5.989 
7.289 

8.558 
9.803 

11.030 
12.242 
13.442 

14.631 
15.812 
16.985 
18.151 
19.311 

20.465 
21.615 
22.760 
23.900 
25.038 

26.171 
27.301 
28.429 
29.553 
30.675 

31.795 
32.912 
34.027 
35.139 
36.250 

Ñ=Λ0 

2.706 
4.605 
6.251 
7.779 
9.236 

10.645 
12.017 
13.362 
14.684 
15.987 

17.275 
18.549 
19.812 
21.064 
22.307 

23.542 
24.769 
25.989 
27.204 
28.412 

29.615 
30.813 
32.007 
33.196 
34.382 

35.563 
36.741 
37.916 
39.087 
40.256 

P=.05 

3.841 
5.991 
7.815 
9.488 

11.070 

12.592 
14.067 
15.507 
16.919 
18.307 

19.675 
21.026 
22.362 
23.685 
24.996 

26.296 
27.587 
28.869 
30.144 
31.410 

32.671 
33.924 
35.172 
36.415 
37.652 

38.885 
40.113 
41.337 
42.557 
43.773 

P=.02 

5.412 
7.824 
9.837 

11.668 
13.388 

15.033 
16.622 
18.168 
19.679 
21.161 

22.618 
24.054 
25.472 
26.873 
28.259 

29.633 
30.995 
32.346 
33.687 
35.020 

36.343 
37.659 
38.968 
40.270 
41.566 

42.856 
44.140 
45.419 
46.693 
47.962 

P=.0l 

6.635 
9.210 

11.341 
13.277 
15.086 

16.812 
18.475 
20.090 
21.666 
23.209 

24.725 
26.217 
27.688 
29.141 
30.578 

32.000 
33.409 
34.805 
36.191 
37.566 

38.932 
40.289 
41.638 
42.980 
44.314 

45.642 
46.963 
48.278 
49.588 
50.892 
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This appendix is included with some apprehension. I t is clearly not 
an integral part of the book. Rather it suggests some "next steps" in a 
few limited areas. The concepts presented in Chapter 8 should be 
viewed as a prerequisite for this appendix. An understanding of the 
scope of physical performance and fitness will place this appendix into 
proper perspective. It would take a series of monographs to deal in-
clusively with the components of physical performance and fitness. 
Obviously, one appendix will just begin to scratch the surface and will 
not necessarily deal with the aspects of performance and fitness most 
relevant for specific teachers and/or students in particular situations 
with unique objectives. 

With these reservations, this appendix deals with the following 
questions: 

1. What is the recommended sequence of testing for the components of physical 
performance and fitness? 

2. What are some examples of tests of selected aspects of physical performance 
and fitness? 

Sequence of Testing 

The specific objectives of participants and/or programs will cause 
special emphasis to be placed on various levels of particular aspects of 
performance and fitness. The following testing order is recommended, 
with appropriate modifications for the specific situations. 

1. Legal and medical waivers. The person is medically "cleared" to 
participate in the physical activity program. Unless in a required class, 
he (or his parent or guardian for minors) has given his "informed 
consent." Informed consent normally consists of reading a description 
of the program, then signing a statement that, understanding the pro-
gram, the person is willing to assume all risks involved.* 

* Many of these forms were adapted from those developed under the direction 
of Drs. T. K. Cureton and B. H. Massey, with assistance of the laboratory staff at 
the University of Illinois Physical Fitness Research Laboratory. Medical and 
legal assistance were received from both the University of Illinois and Temple 
University. 
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BIOKINETICS RESEARCH LABORATORY 
MEDICAL WAIVER 

Temple University 
Biokinetics Research Laboratory 
Department of HPER 787-8707 
To the Attending Physician of (Mr., Mrs., Miss) : 

This person has volunteered to participate in a physical activity program under 
the supervision of our laboratory. Please advise us concerning his current health 
status and capability for engaging in such a program. 

Sincerely yours, 

B. Don Franks, Coordinator 

YES NO 

(a) at present 

(b) past history 

2. Significant disorders of heart rhythm (a) transient 

(b) chronic 

3. Defect of cardiac conduction system 

4. Peripheral arterial insufficiency of (a) central nervous 

system 

(b) skeletal muscle 

5. Paroxysmal or chronic disorder of respiratory (a) asthma 

system especially (b) emphysema 

6. Central nervous system disorders or residuals 
thereof 

7. Functional impairment of musculo-skeletal 
system 

8. Other: 

COMMENTS : (Please comment regarding any of the above and/or indicate any 
specific limitations to participation.) 

The individual named above is capable of engaging in vigorous physical activity. 

Date Signed 
(physician) 

Is there any evidence of: 

1. Cardiovascular disease 
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BIOKINETICS RESEARCH LABORATORY LEGAL RELEASE 

Date 

I hereby request Temple University to accept me for admission to its Physical 
Fitness Program as outlined on the attached sheet marked "A" and made a part 
hereof which is administered by its Department of Health, Physical Education 
and Recreation. In consideration for such acceptance and admission, I hereby re-
lease and discharge the University, its officers, agents, staff members, or employees, 
and each of them, from any and all claims and demands of whatever nature I may 
hereafter assert against them on account of any accident, injury, or illness which I 
may sustain while in attendance in said Physical Fitness Program or as a result of 
such attendance, and any and all consequences thereof. 

I acknowledge that I have read a description of the specific project of the 
Physical Fitness Program in which I will participate and that I understand the 
nature of the program and the risk, from overexertion, for example, to me of 
participation in this program. 

In consideration of my acceptance and admission to said Physical Fitness Pro-
gram, I hereby assume all risks and hazards to me, probable and improbable, as-
sociated with participation in said program. 

Partial or complete revocation of this RELEASE shall not be effective until 
notice in writing by me shall have been delivered to 
at . 

Witness Signature Age 

CONSENT OF PARENTS OR GUARDIANS AND RELEASE 

Date 

The undersigned hereby consent to participation in the aforementioned Physical 
Fitness Program by the above-named person. We acknowledge that we have read a 
description of the program and recognize the risks inherent in any exertion. We 
hereby RELEASE Temple University from any and all claim arising therefrom. 

Partial or complete revocation of the CONSENT and RELEASE shall not be 
effective until notice in writing by me shall have been delivered to 

at . 

Witness Parent 

Witness Parent 
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2. Background information. It is useful to determine the type of 
persons involved in the program. Age, sex, type, and amount of regu-
lar physical activity, diet, major health problems, etc., are often 
included. Personal questions may be appropriate in voluntary pro-
grams where people come for help in their physical performance and 
fitness, but they should be avoided in required classes and in most 
school situations. 

BIOKINETICS RESEARCH LABORATORY 
DIETARY RECORD FORM 

Please furnish the dietary information requested below as accurately as you can. 
This form is to be completed for 3 days (2 weekdays and 1 weekend day). Return 
all the forms when you come for your next test in the Biokinetics Research Labora-
tory. 

Name Date 

Food Item 
Number of Indicate kind of food or beverage con-

Servings sumed. (Please indicate components of 
dishes like casseroles, etc.) 

Breakfast 

Lunch 

Supper 

Between-meal 
snacks 
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BIOKINETICS RESEARCH LABORATORY 

REMINDER—FITNESS TESTS 

Name Day Date Time 

Come to Biokinetics Research 
Laboratory, 

HPERRoom . 

Instructions. Please observe the following (unless given special directions): 

1. Bring gym shorts. 
2. No meal or food intake for at least three (3) hours prior to test. 
3. Minimal physical activity on day o f test (no regular work-out prior to test). 
4. Drink nothing but water for at least three (3) hours prior to test. 
5. No tobacco or medication for at least three (3) hours prior to test. 

Cancellation. If you cannot keep this appointment, please call 787-8707 or 
787-8753. 
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BIOKINETICS RESEARCH LABORATORY 

ADULT PHYSICAL FITNESS QUESTIONNAIRE 

Date 
Name 
Home Address_ 
Work Address_ 
Occupation 

Sex Date of Birth__ 
Phone_ 
Phone 

Employer.. 
Previous Major Diseases 
Family History of Major Diseases_ 
Regular Medication 

Coffee, cups/day__ 
Weakness from Injuries or Diseases 
Sleep, hours/night Cigarettes/day 

Soft drinks/day 
Weight at age 20 Have you been involved in our Adult Fitness Pro-
gram? Initial date? Under supervision of 

Persistent complaints: (Please check those applicable) 

Morning fatigue_ 
Mid-day fatigue_ 
Evening fatigue_ 
Frequent colds 
Sore throat 
Nasal trouble 
Digestive upsets_ 

Abdominal pain 
Low back pain 
Leg pain 
Knee discomfort 
Ankle discomfort 
Foot discomfort 
Swollen joints 

Headaches 
Nervousness 
Constipation 
Chest pains 
Other (specify)_ 

Cont. on p. 202. 



202 Appendix E. Examples of Tests 

Cont.fromp. 201. 

Indicate those activities participated in regularly (at least weekly during season). 
Estimate the hours per week and the number of years for each activity. 

Type 

Badminton 

Basketball 

Bicycling 

Boating 

Bowling 

Calisthenics 

Camping 

Cross-country skiing 

Dancing 

Endurance running 

Fishing 

Gardening 

Golf 

Hr/wk Years Type Hr/wk Years 

Hunting 

Ice skating 

Jogging 

Lawn work 

Skiing 

Softball 

Squash 

Swimming 

Tennis 

Volleyball 

Walking 

Water skiing 

Other (specify) 

Handball 

Hiking 

Horseback riding 
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BIOKINETICS RESEARCH LABORATORY 
SUBJECT CONTROL INFORMATION 

Code Name 
Last First Middle 

Date Time 

Time Span Covered: to Total Hr 
Date Time Date Time 

Please complete the appropriate items. This information is necessary to properly 
evaluate the results of the tests administered. 

A. General Health Status 
1. General Feeling: Good Normal Below normal 
2. Unusual Conditions: 

Head cold Nervous tension 
Chest cold Nasal-head congestion 
Feverish Allergic reactions 
Headache Kind: 
Nausea 
Diziness Other: 
Cramps 

3. Menstrual cycle: Date when last period began 
Date when last period terminated 

B. Rest and Sleep 
Time to bed Arising time Duration 

Total time 

C. Physical Activity 
Time 

Kind Time begun terminated Duration 

Total 

Cont. on p. 201*. 
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Cont. from p. 203. 

D. Food Intake 

1. Amount: Normal Above normal. 
2. Last Meal: Time Heavy 
3. Last Food Intake: Same as above 

If Other: Kind and amount 

Average_ 
Other:_ 

Below normal 
Light 

Time 
Hours prior to arrival at lab_ 

E. Beverage Intake Other Than with Meals 

Time of last Hours prior to 
Kind Amount intake arrival at lab 

Water 
Coffee 
Tea 
Milk 
Fruit juice 
Soft drinks 
Beer or wine 
Alcohol 
Other: 

F. Tobacco: None Some 

Time of last Hours prior to 
Kind Amount intake arrival at lab 

G. Medicine and Drugs: None Some_ 

Time of last Hours prior to 
Kind Amount intake arrival at lab 
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3. Sociopsychological variables. These variables may be appropriate 
for some situations; however, their use should normally be cleared with 
participants and appropriate authorities prior to their use. 

4. Body composition. 

5. Efficiency at rest. Subject control information can be obtained to 
determine if the pretest instructions were followed, as well as to find 
any unusual conditions that might invalidate the test results. 

After evaluation of medical information, background information, 
body composition, and resting efficiency, if further activity is not 
contraindicated, then proceed with: 

6. Efficiency. The working efficiency can be determined by testing 
the response to a standard (submaximal) physical Stressor. 

7. Skills. Both underlying and game skills relevant to the program 
objectives should be tested. 

After evaluation of the working capacity, at submaximal levels, 
and skills, if further activity is not contraindicated, then proceed with: 

8. Activity program. The specific activities included will depend on 
the objectives of the participants and program. 

After initial adaptation to the regular, vigorous activity, compo-
nents of endurance may be evaluated. These might be of little interest 
in some situations (for example, for senior citizens) and contraindi-
cated in others (some rehabilitation patients). 

9. Muscular endurance 
10. Cardiovascular endurance 
11. Continue activity program 

12. Periodic retests of components of performance and fitness 
13. Evaluation of participants 
14. Revision of activity program 
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Examples of Tests in Selected Areas 

It must be emphasized again that this section will include only a 
small portion of the possible scope of performance and fitness. These 
tests will not adequately represent all levels of the components of 
physical performance and fitness, and they may be irrelevant or im-
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Fig. E.1A. Boys 9 to 12 

Fig. E.l. (A-D). Nomograms for estimation of body density/percent fat. 
Used by permission, J. Parizkova, Total body fat and skinfold thickness in 
children. Metabolism, 1961, 10, 794-807. 
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practical for a specific testing situation. Chapter 2 should be reviewed 
for criteria for test selection. The tests we have selected fall short of 
optimal criteria. In addition, practical considerations were given high 
priority in the selection of tests. Examples of practical tests that can 
be used in mass testing situations are presented. References are in-
cluded for those who have more research equipment, personnel, and 
time to test individuals. 

BODY COMPOSITION 

One of the most useful variables in the area of body composition 
which can be estimated fairly easily is the percent of the total body 
weight that is fat. From Parizkova's nomograms (see Fig. E.l) the per-
cent fat can be estimated for boys and girls, 9 to 16 years of age, by 
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Fig. E.1B. Boys 13 to 16 
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Triceps skinfold (mm) 
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Fig. E.1C. Girls 9 to 12 

using skinfold fat measures from the triceps and subscapula. The skin-
fold fat measures are taken with skinfold calipers, such as the Lange.* 
Take the skinfolds on the right side of the body. Pinch the skin so 

' Cambridge Scientific Industries, Cambridge, Maryland. 
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that the least fold possible is used. Measure the thickness of the fold 
about 1 cm above the caliper. For the triceps, a vertical fold is taken 
at the midposterior midpoint between the tip of the acromion and the 
tip of the olecranon. The fold can be grasped while the elbow is at a 
90° angle; then the arm is relaxed (by the side), and the skinfold is 
measured. For the subscapular, a diagonal fold (parallel to the line of 
the bottom of the scapular) is taken while the subject is standing in a 
relaxed position. Repeat the measure on each skinfold until three 
values are within 1 mm of each other. Find the value of the skinfolds 
on the appropriate nomogram; then find the estimated percent fat by 
connecting the two values with a piece of string (or straightedge). 
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Fig. E.1D. Girls 13 to 16 
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STRENGTH 

Berger has developed the concept of measuring strength by deter-
mining a person's one-repetition maximum (1-RM) or the maximum 
amount of weight that can be lifted (for a particular task) at one 
time. The advantage of using chinning, or dipping, to determine the 
I-RM is that it takes the body weight into account. Thus by taking 
the maximum number of chins and the person's body weight, his 
estimated 1-RM can be determined from Table E.l . 

EFFICIENCY 

One simple measure of a person's efficiency is his resting heart rate. 
The more blood that is ejected per minute (stroke volume), the fewer 
times the heart needs to beat during the minute to accomplish the 
same amount of work. It is very easy to teach persons to take their 
own heart rate. Thus the resting heart rate (before getting out of bed 
in the morning) can be determined by the students themselves. In 
addition, a standard amount of exercise can be done by the student, 
and his heart rate taken immediately after the exercise. Thus the stu-
dent can see any changes made in his ability to adapt to a standard 
amount of work. 

CARDIOVASCULAR ENDURANCE 

There are basically two ways to measure cardiovascular endurance: 
(1) measure some component of cardiovascular function directly, 
during work; (2) measure an endurance performance, inferring that 
persons with better endurance performance have better cardiovascu-
lar endurance. The first type of test (direct measure of cardiovascular 
function) is normally done in research laboratories (for example, 
maximal FO2), and the second type of test (performance test) is 
normally done in the field. For a performance test, the time for run-
ning a certain distance (or distance during a certain time) has been 
widely used. The longer the run, the more likely it will reflect cardio-
vascular endurance (rather than skill, explosive power, etc.). The two-
mile run is recommended. Whenever possible, students should be 
given some practice in running this distance and in pacing themselves. 
In addition, groups of about the same capability should run together. 



Prediction 

Body weight 
(pounds) 

110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 

a Used by permission, R. 
1967, 88; 330-335. 

TABLE E.l 
of Chinning or Dipping Strength from Number of Repetitions Performed at Body Weight? 

1 

110 
120 
130 
140 
150 
160 
170 
180 
190 
200 

2 

113 
124 
135 
145 
156 
166 
177 
187 
197 
207 

Number of repetitions 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

117 120 124 127 131 134 138 141 145 148 152 155 157 160 164 167 171 174 178 181 185 
128 132 136 140 144 148 152 156 160 164 168 172 176 180 184 188 192 196 200 204 208 
140 145 150 155 160 165 170 175 180 186 190 195 199 204 209 213 217 222 226 231 236 
152 157 163 168 174 179 184 189 193 199 204 209 212 218 223 228 231 236 241 246 251 
163 169 176 182 188 193 198 203 207 212 217 222 226 232 237 242 246 251 256 261 266 

24 25 26 

188 192 195 
212 216 220 
240 245 250 
255 260 266 
271 276 281 

174 179 186 192 198 203 208 214 219 224 230 235 240 246 251 257 262 266 271 276 282 289 295 301 
184 190 196 202 208 213 219 225 231 236 242 248 254 260 266 272 278 284 290 296 302 308 314 320 
194 200 206 213 220 225 231 238 244 251 257 263 270 276 283 289 296 302 309 316 322 
204 211 217 224 231 238 244 251 258 265 272 279 286 293 300 307 314 321 328 335 243 

329 335 341 
350 356 363 

215 222 228 236 243 250 257 265 271 279 286 294 300 308 315 323 329 337 344 351 359 366 373 380 
210 218 225 233 240 248 255 263 270 278 285 293 300 308 315 323 330 338 345 353 260 368 375 383 390 398 
220 228 236 244 252 260 268 276 284 292 300 308 316 324 332 340 348 356 364 372 380 388 396 404 412 420 
230 238 247 255 264 272 281 289 298 306 314 323 332 340 349 357 366 374 383 391 400 408 417 425 434 442 

A. Berger, Determination of a method to predict 1-RM chin and dip from repetitive chins and dips. Research Quarterly, 
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Several can run together, by having the timer stand at the finish line 
and call out the time as the runners cross the finish line. It is up to the 
individual to listen for his own time (or appoint a partner to listen for 
an individuaPs time). 

SPORTS SKILL TESTS 

Only a few examples are presented here, with the idea that after 
carefully reviewing those tests included in this book the student 
should review tests in an area of his choosing and select two or three 
which he would administer to his class. By having to defend his selec-
tions the student will become more knowledgeable about the available 
possibilities and will develop an increased understanding of the factors 
that affect his decisions. The student is referred to AAHPER publica-
tions including the Research Quarterly, and specific sport test manuals 
as well as theses and dissertations. 

Basketball 

The Diagonal Wall Pass Test, originally called the. Edgren Ball 
Handling Test, has been a useful tool to evaluate ball and body 
handling ability. The test area is marked off by a line 7 \ feet (line A) 
from a wall and parallel to it, which is intercepted by two perpendicu-
lar lines beginning at line A and h\ feet apart (neutral area). The wall 
is marked with two vertical lines 3 feet apart and equidistant from 
the neutral area on the floor markings. 

The subject stands at either the right or left area with the ball in 
hand. On the signal "ready go," he throws the ball diagonally across 
so that the ball rebounds from the far area without landing on a line 
or within the neutral area. The student then runs to retrieve the ball 
and again passes the ball diagonally across. The score is the sum total 
of successful valid passes in three 20-second (for high school) or 30-
second (college students) trials. 

A foul is incurred if the subject steps on or over any restraining line 
before releasing the ball or allowing the ball to touch the floor before 
hitting the wall. Any type of pass may be used. 

This test is limited only by the number of areas and basketballs 
available. To facilitate the testing procedure, one central timer 
should be used with three helpers per testing station: one watching 
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for line violations, one counting the number of legal passes, and one 
scoring. A rotation system can be easily developed among four to six 
students per group. 

Golf 

The purpose of the West and Thrope eight-iron approach test is 
to assess one's "ability to perform on eight-iron approach shot at a 
distance of 12 yards from the pin." The equipment includes a 72-
square-foot area with a target which will be described later, 14 regula-
tion golf balls, and one eight-iron per subject as well as one marker. 
The target includes six concentric circles with the smallest having a 
lj-yard radius and each circle increasing in size by l j yards (radius) 
until the outermost circle (sixth circle) has a 9-yard radius. A restrain-
ing line is 12 yards from the pin which is located in the center of the 
smallest circle. The circles are scored with 7 points for the innermost, 
decreasing by 1 point until the outermost circle has a value of 2 and the 
remaining area between the restraining line and the target has a value 
of 1. 

Two to eight students may be tested at one time, with each having 
one trial before beginning the second. The test consists in twelve trials. 
Approximately 30 students may be tested in a 35-minute period. 

Two aspects—angle of projection and final ball position—are con-
sidered in scoring this test. The angle of projection is rated by an 
experienced evaluator on a three-point basis as follows: 1 point for a 
tapped ball; 2 points for an angle of projection of 29 degrees or less; 
3 points for an angle of 30 degrees or more. This value is multiplied by 
the target point value with a maximum of 21 points per trial. A 
student's score is the sum for 12 trials. 

Softball 

The throw for distance is a measure of coordination, specifically to 
see how far someone can throw a softball. The equipment needed is 
minimal and includes regulation softballs and a field marked off at 
1-foot intervals with a distinctive marking every 10 feet. The distance 
should be marked beginning at 30 to 50 feet from a restraining line. A 
simple device is to place 2 100-foot tape measures consecutively with 
the appropriate markings as listed. 
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Each student takes three consecutive trials, with the best of the 
three trials recorded as the score. The student being tested may take 
only one step and may not step on or beyond the line prior to releasing 
the ball. 

To administer this test most efficiently requires a number of assist-
ants who may also be waiting to be tested. One student should watch 
for line violations; two students should retrieve the balls and roll 
them to a collector \vho stands behind the restraining line ; one student 
should hand the ball to the subject; one student should mark the spot 
at which the ball first touches the ground; and one student should 
record the score. A rotating system should be developed. The groups 
being tested should always have a minimum of two to three students 
ready to begin immediately after the preceding student completes his 
turn. 

Volleyball 

The Liba-Stauff Volleyball Pass Test requires two ropes, one 11 feet 
and the other 13 feet above the floor, one volleyball per subject, and a 
2 X 30-foot target strip marked off in 2 X 2-foot squares with point 
values from 1 to 8 and back to 1. A restraining line 10J feet from the 
ropes and 23^ feet from the center (8 value) of the target area is desig-
nated. Therefore, one target box is below the ropes and closer to the 
subject. 

The subject throws the ball into the air and then passes it over the 
ropes into the target area. The scoring includes distance according to 
the landing area multiplied by the height attained by the ball. Three 
points are awarded if the ball goes over the 13-foot rope, 2 points are 
awarded for a ball going between the ropes, 1 point for a ball going 
under the 11-foot rope, and 0 point if the ball does not reach the ropes. 
The score is the sum of ten trials. 

Fouls include a pushed or thrown ball and are given a score of 0. If 
the subject steps on or over the restraining line, he is cautioned but 
not penalized. 

The following modifications should be made for the junior high 
school level: Rope heights: 12 and 10 feet. Target area: 2 X 28 feet 
with 2 X 2-foot blocks numbered from 1 to 7 to 1. Restraining line: 
6J feet from ropes and 15 | feet from center of target area (box marked 
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7). Therefore, boxes 1 and 2 are under the ropes and closer to the 
subject. Scoring: sum of fifteen trials. 

Summary 

A sequence for testing components of physical performance and fit-
ness is recommended which progresses from resting to light to moder-
ate to strenuous activities. Examples of tests of selected portions of 
the components of performance and fitness are described. 

Problems 

Find better tests for the components of performance and fitness 
selected in this appendix. 

Find tests for other components of performance and fitness. 
Modify a current test or construct a new test for a component of 

performance and fitness. 
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