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PREFACE

This is a book for teachers. We hope it can serve as a handbook
to be used and reused in answering the numerous questions on
testing and evaluation that besiege the classroom and shop teacher.

The basic ideas and many of the suggested procedures have
grown out of our combined experience in preparing testing ma-
terials for classroom use. We have been guided by our additional
experiences in presenting such materials to teacher-training groups.

Throughout the book we have tried to keep uppermost in mind
the busy teacher and especially the inexperienced instructor. In
certain instances this has meant sacrificing the completeness and
preciseness that would be necessary in a book written for the
specialist in measurement. For example, standardized tests have
not been accorded the treatment that is afforded them in many
books on educational measurement. This is not to disparage the
use of standardized tests. On the contrary, we feel they are vital
factors in any effective program of evaluation. However, real un-
derstanding of the nature of such instruments is gained only after
handling and using them. The typical teacher uses few, if any,
standardized tests. Our efforts have been aimed at gathering sug-
gestions that can be used by the teacher in constructing classroom
tests and other measuring instruments. The basic principles dis-
cussed herein should help him to use wisely any standardized tests
that he may administer.

As we see it, the major value of a book of this kind is to present
the “how” of making and using tests and other instruments of
appraisal. We have tried not to neglect the “what” and “why”;
in fact, the introductory chapters are devoted to such discussion,
although largely in overview fashion. However, the history of the
testing movement, like the history of Ethiopia, becomes much
more meaningful after you have been there.

The focal point in many instances has been industrial education,
primarily because we know that area of instruction best. To pre-
clude the inhibiting aspects of subject-matter specialization we
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vi PREFACE

have added a rather large variety of examples from other subject-
matter fields. Of course, the basic principles and procedures should
be applicable in any teaching-learning situation.

We sincerely hope that this book will prove concretely useful
and practically helpful both to the beginning and the experienced
teacher who is desirous of making his evaluations more effective
and meaningful.

We wish to express our sincere appreciation and thanks to the
many students who have reacted to much of this material in draft
form and have contributed a large share of the sample items; to
John A. Butler,, ‘Walter ' W. Cook, Cyril Hoyt, John A. Jarvis,
Verne L. Pickens, and H. T. Widdowson, who have read parts of
the manuscript and offered valuable criticisms and suggestions; to
Dean Horace T. Morse and Assistant Dean Alfred Vaughn of the
General College, University of Minnesota, for permission to use
selected items from the Comprehensive Examinations prepared for
use in that college; to our colleagues in the Teacher-training De-
partment, Armored School, Fort Knox, Kentucky, who provided
much assistance in preparing certain preliminary materials that
have been expanded or revised for inclusion herein; to the Bruce
Publishing Company, publishers, and John J. Metz, editor, In-
dustrial Arts and Vocational Education, for permission to use or
adapt various articles prepared for that magazine by the authors
and others; to David T. Ryans, executive secretary, and the Com-
mittee on National Teacher Examinations of the American Coun-
cil on Education, for permission to adapt certain test items pre-
pared by one of the authors for use in those examinations; to the
other organizations and individuals, mentioned in footnote refer-
ences, who allowed the use of cited materials; to Dr. Homer ]J.
Smith and Professor Arthur B. Mays for advice and counsel as
this project took shape and developed; and to Mrs. George E.
DeVries and Mrs. J. B. Walden for their helpful assistance in the
preparation of the manuscript.

WiLLIAM |. MICHEELS
M. RAy KARNES

MINNEAPOLIS, MINN.
URBANA, ILL,
July, 1950



PREFACE
CHAPTER

1. An Introduction to Measurement

2. Kinds and Types of Evaluating Instruments .
3. Purposes of Evaluation

4. What Makes a Good Test .

5. General Principles of Test Construction
6. Multiple-choice Items )

7. TrEFRe Items)

8\. Matching Items

9. Recall Items

10. Modified, Adapted, and Combined Itemis
11. Object Tests

12. Manipulative-performance Tests

13. Observation and Evaluation

14. Evaluating Major Projects

15. Interpreting Test Data and Assigning Marks
16. Analyzing and Improving Tests .

17. Improving Your Instruction—A Challenge .
INDEX

CONTENTS

oo
v

22

79
103
126
160
195
220
244
273
296
325
370
397
414
454
485
489



CHAPTER
ONE: AN INTRODUCTION
TO MEASUREMENT

Take a good look at the following line. How long is it? Just for fun
write your guess on a piece of paper. Do not use a ruler.

Do you think you came within one-eighth inch of the correct di-
mension? You can check by turning to the next page.

THE foregoing may seem like an odd way to
start a discussion of achievement testing. It is. But it illustrates
some important concepts about measurement—some basic ideas
that should be understood from the beginning.

What Measurement Is

When you wrote down a figure, you illustrated to yoursell what
measurement is. You determined the length of the line in terms of
a specified unit of measurement (inch). Measurement of any kind
is a matter of determining how much or how little, how great or
how small. how much more than or how much less than.' This is

1 In more refined terms, to measure means to “observe or determine the
magnitude of a variate” (Encyclopedia of Educational Research, p. 713). It
should be noted that enumeration (counting) and measurement are not one
and the same thing. In simplest terms, enumeration answers the question
“how many.” Measurement answers the question “how much.”
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true whether you are trying to measure the weight of a sack of po-
tatoes, the color of a person’s eyes, the radioactivity of an “atom-
bombed” island, or the achievement of a student in the classroom.

Potatoes are usually measured in terms of so many pounds. A
person’s eyes contain so much blue or hazel or other color. An
atom-bombed island is measured to determine how much radia-
tion exists.

Achievement in the classroom is often stated in terms of so many
points on a test or similar device that is supposed to measure the
growth or achievement that has taken place.

Some of these things can be measured very accurately, others
only roughly; still other things cannot presently be measured at
all. This leads us to a basic precept of measurement and a consid-
eration of what can be measured.

What Can Be Measured

Anything that exists at all exists in some quantity, and anything
that exists in some quantity is capable of being measured.?

In a sense this statement is an expression of faith. It does not
say that we are now able to measure all things. It does say that any-
thing existing in quantity is capable of being measured. As a
beginning test maker, it is very necessary that you have an under-
standing of this concept. You will then realize that certain achieve-
ment may be impossible of fine measurement at the present time,
but you will also understand that the problem is one of devising or
improving measuring instruments so that the job can be done in a
better manner. In terms of teaching effort it is directly related to
the problem of developing tests and other devices that will do a
better job of measuring the outcomes of learning.

Fifty years ago there was no such thing as a Geiger counter for
measuring the radioactivity of an area. Seventy-five years ago we
had no standardized tests for measuring intelligence. One hundred
years ago who would have thought of measuring length in terms of

The length of the line on page one is 354 inches.

2 E. L. Thorndike, ““The Nature, Purposes and General Methods of Edu-
cational Products,” 17th Yearbook, National Society for the Study of Educa-
tion, Part 2, p. 16.
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millionths of an inch? In each instance, however, these things ex-
isted, even though they had not up to that time been measured
with any degree of reliability. In the intervening years very posi-
tive strides have been taken in developing instruments that will
measure radioactivity, intelligence, millionths of an inch, as well
as many other things. Our present instruments for measuring
achievement are crude in comparison with the various electronic
devices used in physical measurements, but definite improvements
are being made continuously. In the years ahead we shall be able
to place more and more faith in the results of such tests. And just
as the physical scientist is ever striving to improve the measuring
instruments of his profession, so must we in teaching endeavor not
only to make better measuring instruments but to make better use
of those which are already available. This is not a job for the test-
ing expert alone. It is a vital part of effective teaching.

In this discussion we are primarily interested in the measure-
ment of achievement in the classroom, the shop, or the laboratory
or on the job. You will be investigating and learning how to con-
struct instruments for best determining relatively what a student
has learned, how well he has achieved, how much he has devel-
oped, or to what extent he has changed. You will be learning how
to use the measuring devices already available.

These goals are easy to understand. They are not so easy to at-
tain. The point to be remembered is that achievement can be
measured if adequate instruments are developed to do the job and
if you use these instruments properly. Your responsibility as a
teacher is to make or use measuring devices that are as accurate as
it is now possible to obtain. This is a challenge that requires a
thorough understanding of the progress that has been made to date
as well as the problems and difficulties that still remain to be
solved.

How Accurate Should Measurements Be?

You have just read that the measuring instruments of the
teacher should be as accurate as possible. This statement might be
tempered somewhat, in the following manner: The measurement
should be as accurate as is necessary in terms of the objectives set
forth. As an example of this modification, suppose that someone
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asked you for a piece of string “about 3 feet long.” Your method
of measurement would probably be somewhat different from that
you would adopt if you were asked for a piece of string “exactly 3
feet long.” The point is that in many instances an approximate fig-
ure would be sufficient. In other cases it would have to be more
accurate. This can be illustrated further by two examples that have
their setting in a teaching situation.

If a student were making a freehand pictorial sketch of an end
table, you might tell him, in response to a question, that the
length should be about 6 inches on the drawing paper. This might
be sufficient for his purpose. If, however, he were making the de-
tailed working drawings of the table, he would want the measure-
ments to be more accurate and made with a scale. In this instance
the use determines the degree of accuracy that is necessary. A simi-
lar situation would exist if a student’s father were to meet you on
the street and ask how his boy is getting along in your class. You
might answer “fine,” or “pretty good,” or ‘“not very well.” At best
this would be an approximation, but it might be sufficient for the
purpose. On the other hand, if the father were to come to you at
school and want to know in more detail about Joe’s accomplish-
ments, then conceivably your appraisal should be more detailed
and more accurate. You should be able to show him some specific
measurements of the boy’s relative achievement. This is not al-
ways easy to do in an accurate manner.

Sometimes a very rough measure of achievement will suffice. In
most cases this can be gained by brief, objective observation of the
student at work. At other times you will want the measurement to
be as accurate as possible. Then you look for the most precise in-
strument that can be obtained. A well-prepared test may help to
provide such a measurement.

Another aspect of approximate measurement can be illustrated
by considering the thickness of the page you are now reading.
Suppose you were asked to measure the thickness. How would you
proceed? Many readers would think of a micrometer because that
measures in terms of thousandths of an inch. A micrometer would
probably solve the problem, but suppose you could not read the
scale and did not want to get outside assistance. A simple proce-
dure would be to get enough sheets of paper to make a pile 1 inch



AN INTRODUCTION TO MEASUREMENT 5

high. By counting the number of sheets, you could determine
roughly the thickness of a single sheet (in terms of a fraction of an
inch) . This measurement would be satisfactory for many purposes.
It would not be as accurate as that determined with a micrometer,
but it would be much better than a pure guess.

This example illustrates the point that some measuring instru-
ments may be more accurate than others but may also be more dif-
ficult to use. Since achievement tests are measuring instruments
(crude as they sometimes are) , this likewise applies to them. Some
tests, like the micrometer, cannot be used by the ordinary teacher
because of complex procedures and “‘scales” which he does not un-
derstand or has not learned to use. But just as it is possible to use a
ruler to obtain a rough measurement of page thickness, it is also
possible for a teacher to learn how to devise instruments which
will provide a measure of his students’ achievement that is much
better than a pure guess.

With further study and application he can learn to make or use
tests that are more refined (although the measurement will still be
crude in comparison with that obtained with a micrometer) . The
corollary can be carried one step further by stating that certain as-
pects of measuring achievement are similar to measuring the exact
thickness of this page—sometimes it is a job for the testing expert,
the person whose efforts are concentrated in this special field.

Steps in Developing a Measuring Instrument

Another fundamental of measurement can be introduced by re-
ferring again to the words and paragraphs you are now reading.
Suppose a person has just asked you to measure the printing on
this page. Suppose further that you have agreed to do this and have
just sat down to comply with the request. Without doubt you
would soon be wondering just what property the person wanted
measured. If you were to jot down the possibilities on a piece of
scratch paper, they might look something like the illustration on
the next page.

This might be only a partial list of possible things to measure,
but it would probably be sufficient for you to go back to the indi-
vidual and ask him to state exactly what he wanted you to meas-
ure. Let's say he asks you to measure the length of the lines and
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the printing ink. This time you are not put off easily. We'll as-
sume that you understand about measuring the length of lines,
but not the printing ink. So you insist that he be more specific as
to what he wants measured with respect to the ink. He decides that
he is interested primarily in measuring the thickness of the ink on
this page.

At this stage you may have determined to your satisfaction just
what it is that you are supposed to measure (length of lines and
thickness of ink) . The next step is to do the measuring, and an in-
variable question will be to determine what instrument to use.

! Longth of lineo/

2 ,JW%WW

3 Height of Hie Ligoe

4 Wedth of e typs

5 kv printing ink

6 Page $alonce

With respect to the length of lines you would probably start out
by using a rule. You would measure the line and find it to be
45{¢ inches long. Suppose you then take this figure to your friend
in evidence of your progress. He might be satisfied, or he might
tell you that your answer is not satisfactory—he wanted the meas-
urement in terms of picas (a standard measuring unit in printing) .
Your first reaction might be to tell your friend that this should
have been explained to you at the outset. He did not do a good
job of telling you “what” to measure with respect to length (that
is, what scale or unit to use) .

Perhaps you give your friend a lecture on the importance of de-
scribing exactly what he wants done. When that is finished, you
still have to determine how to get the line measured in terms of
picas. In this instance it is relatively easy because there is a stand-
ard instrument (line gauge) for measuring such units. Your prob-
lem then is to obtain a line gauge from a print shop and measure
the lines. You would find them to be 26 picas long.

The second part of your assignment is to find out the thickness
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of the ink on the page. In this instance it is clear “what” is to be
measured. Measuring the length of the lines was relatively easy
after you had determined specifically “what” was to be measured.
Now the problem is changed somewhat because you understand
clearly what is to be measured, but the means for doing it presents
a problem. If you are an amateur physicist or an ingenious individ-
ual, you might devise an instrument or a method for making the
measurement. At best, this would take considerable research and
experimentation. Your best bet would be to consult a specialist in
physical measurement. He might decide to utilize or devise an in-
strument based on the principle of light reflection (this is one
method that has been used in measuring thin films) . The point is
that a special means would have to be employed, and this would
entail experiences that are not familiar to the ordinary individual.

The situation described above illustrates some important points

“with respect to measurement of any kind. In the first place it
should clarify the two major steps to follow in developing an
achievement test or any other measuring instrument.

1. Determine exactly what is to be measured.

2. Obtain or construct a measuring instrument that will best do
the measuring. '

~This fundamental can be summarized by the words “what” and
“how.” It should be easy to understand what is meant by these two
steps. Carrying them out is often a complex matter. We can justi-
fiably say that the remainder of this book is devoted largely to
helping you determine “what” to measure and “how best’” to meas-
ure it.

With these thoughts in mind it might be well to reflect once
again on the problems that were met in measuring the length of the
lines and thickness of the ink on this page. Several difficulties arose
in determining “what” to measure. This was narrowed down to
length and thickness. However, before the length could be meas-
ured, the “what” had to be described more specifically. When that
was accomplished, it became relatively easy to determine the num-
ber of picas by using the standard line gauge. In this instance the
“what” took a little time, but the “how” was relatively easy. In
measuring the thickness, it was simple to determine the “what,”
but “how” to do it presented some problems.
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In measuring human achievement the procedure is exactly the
same but much more complex. It is still a matter of determining
“what” and “‘how,” but it is considerably more difficult to state in
precise terms the things that are to be measured and after that to
construct measuring instruments that will do the job. Nevertheless,
the same basic procedure is followed. By putting the “what” and
the “how” into question form they become directly applicable to
your teaching and testing in the classroom or shop: “What am I
trying to measure and how can I best do the measuring?” If you as
an instructor will do nothing more than conscientiously ask and try
to answer these two questions, the examinations you make and use
will be bound to improve.

Comparison of Physical Measurement and Achievement Tests

A ruler is a measuring instrument. An achievement test is also a
measuring instrument. Just as some rulers are more accurate than
others, some achievement tests are more precise than others. Rul-
ers have been in existence for a very long time. They did not just
happen. They had to be developed. Over the years they have been
refined and improved in a variety of ways. In comparison with
achievement tests rulers are used to measure a very simple prop-
erty—length. On the other hand, human achievement is a much
more complex property, and it is only in recent years that efforts
have been concentrated on such measurement.

These few statements may appear digressive, but they are in-
tended to serve a specific purpose—to make you think of an
achievement test as a measuring instrument, just as a ruler is a
measuring instrument, and also to emphasize the necessity of being
careful in trying to carry the comparison any further than this.
The logic of this suggestion can be justified by pointing out some
significant ways in which these types of measurement differ.

Absolute and Relative Measurement

One important difference can be noted by a brief consideration
of absolute and relative measurement. Absolute measurement an-
swers the question “how much.” A single expression given in such
terms has definite meaning. It can stand by itself. It means.the
same in one part of the country as in another. We can say that a
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person is so many inches tall, or weighs so many pounds, or runs
100 yards in so many seconds. This has definite meaning in terms
of certain prescribed standards.

Every reader will understand the statement “He is 6 feet tall.”
When we say that Junior received a score of 72 in a history test,
however, the meaning is not similarly definite and in terms of
well-defined and precise standards. The score will mean little until
it is related specifically to the test (the number of items, the num-
ber of students, the type of students, the difficulty of the items,
etc.) . The phrase "6 feet tall” means 72 inches all over the coun-
try, but what does the score of 72 on the history test really mean?
It has little meaning by itself. Before the test score can be inter-
preted wisely, it must be related to the test and those who were
tested. This is an oversimplified way of saying that it is relative in
nature.

Another differentiating aspect can be explained by considering
the use of “zero.” One meaning of the cipher, zero, is that it is the
point from which measurements are made. Sometimes this point is
chosen arbitrarily, as the zero on a thermometer or the point from
which the meridians of longitude are computed. In absolute meas-
urement, however, it is possible to establish zero so that it indicates
a total lack of the property being measured. In the case of tempera-
ture, it is called “absolute zero” (—273.1° C.), a computed point
that is believed to register the total absence of heat.

In the measurement of achievement we have not been able to
establish a similar point that registers a total lack of the property.
We do not have an “absolute” starting point upon which to base
measuring scales. This can be illustrated further by comparing the
measurement of length with that of achievement.

We can say with assurance that 4 inches is twice as much as 2
inches because zero on a ruler indicates a total lack of length.
However, we cannot say that, since John gets a test score of 60 and
Bill gets a score of 30, John has achieved twice as much as Bill, for
zero on the test would not indicate a total lack of achievement. If
a particular student had received a score of zero, it would only
mean that he failed to get any of the items right. It would not
mean that he had achieved absolutely nothing during the period
covered by the test. Bill answered 30 items correctly, and Joe’s



