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PREFACE

Tais book deals with those simple statistical methods that
are needed in the interpretation of test results. .Itis designed
for classroom teachers, administrators, students, and re-
searchers.

The purpose of the book is to present the subject in such a
way that it can be understood by those who know nothing
whatever about statistical method. The reader is given an
insight into the subject so that he will see the reasons for the
various kinds of statistical procedure and will understand the
meaning and significance of the results.

The attempt has been made to cover all the topics that a
school teacher, administrator, or researcher is likely to have
need for, but only those, the reader being referred to more
technical books for explanation of special procedures that are
seldom used. Particular attention is given to the explanation
of the meaning and significance of correlation, and the simple
and useful applications of partial and multiple correlation are
explained.

The reader somewhat familiar with statistical method and
terminology will find frequent footnotes which qualify, in the
interest of exactness, the more general statements of the text.
The lay reader need not trouble to study such notes, for they
are not essential to a working knowledge of the method.

Several new charts for practical use are introduced, in-
cluding a correlation chart and a percentile graph. These
make easy certain important processes and calculations once
known only to specialists in statistical method. The past
few years have shown a very definite trend toward the de-
velopment of such practical devices, and their more exten-
sive use in future is certain; for this reason considerable
space is devoted to the explanation of them.

Indeed, throughout the book the practical application of
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iv Preface

methods has been kept in mind, and only such discussion of
theory is given as is thought necessary to make the use of the
methods and devices intelligent rather than rule-of-thumb.
For example, the reader is shown the meaning of correlation
by very simple illustrations with all refinements omitted,
whereas the application of the complete formula is reduced
by “job analysis” to a mere succession of simple arithmetic
steps which may be performed with no thought of the for-
mula. Attention may be centered on accuracy of the compu-
tation, which is reduced to a minimum by various tables.

It is believed that any person interested in scientific method
in education may obtain from this book a good working
knowledge and understanding of statistical method, no matter
how new the subject may be to him.
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EDITOR’S INTRODUCTION

In recent years extraordinary changes have taken place in
the professional training of teachers, as a result of the develop-
ment of scientific methods for the measurement of intelligence

and educational achievement. Textbooks devoted to arm-

chair discussions of educational principles, child study, and
general methods are rapidly giving way to texts which deal
with factual data resulting from the measurement of native
abilities and of the effects produced upon such abilities by
particular educational influences. This does not mean that
the larger issues of educational theory and practice are being
neglected, But only that we now recognize the futility of any
attempt to dispose of such issues except in the light of investi-
gational findings. At every point the consideration of
educational theory must wait upon the discovery of facts
regarding the nature of the raw material with which teachers
work and regarding the changes which various kinds of
teaching methods are capable of making in this raw material.

Present-day methods of educational investigation necessi-
tate the constant use of statistical methods in the treatment
of data. Familiarity with statistical procedures has for
some time been considered necessary for the psychologist
and the educational research worker, but we are rapidly
coming to recognize that it is also an indispensable part of
every teacher’s equipment. Teachers cannot be expected
to make intelligent use of test methods as long as the signifi-
cance of test results is hidden from them in a maze of mean-
ingless figures. But while every one will admit the desirabil-
ity of acquainting the average teacher with the mysteries of
statistical procedures, some may be inclined to doubt its
possibility. Certainly it is impossible by the use of any
of the textbooks which have hitherto been available. There

are several statistical treatises which are reasonably suitable
ix
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X Editor’s Introduction

for use with advanced graduate students of psychology and
education, but in the editor’s opinion this is the first text
that is at,all satisfactory for use in teachers’ colleges or in
teachers’ reading circles. It is at the same time admirably
adapted for use as an introductory text in colleges and
universities.

It is generally recognized that the course in statistical
methods presents, from the pedagogical point of view, ex-
ceptional difficulties. These are traceable in part to the
inadequate mathematical preparation of the average student
of education, but in part, also, to faults of exposition on the
part of the textbook and the teacher. Princjples which
could be made concrete are presented abstractly ; sequence
is disregarded; insufficient drill is provided in fundamental
everyday procedures. The average student who has taken
such a course may have acquired a little “knowledge about”

. statistical methods, but he can make little or no use of them.

The present textbook by Dr. Otis will do much to remedy this
situation. Its characteristic features lie in the fact that it
takes nothing for granted, that it relies upon the simplest
and most straightforward explanations, that it gives con-
crete meaning to abstract terms and principles, that it
teaches statistical procedure in connection with data of
universal interest to teachers, and that it provides at every
stage the practice necessary for making the procedures
habitual. Students and teachers who have studied this
text will be able to apply accepted statistical methods with
all the ordinary kinds of measurement data, and will be
vastly more able to read and understand the current litera-
ture of education and psychology.

Dr. Otis is widely known among American teachers as the
author of several of the most useful tests of intelligence and
of educational achievement. Among a smaller group he is
known for his important contributions to statistical theory.



Editor’s Introduction xi

The book here presented rests, therefore, upon a solid founda-
tion of mathematical knowledge and of practical experience
in the use of measurement methods. 'From the pedagogical
point of view it is without a rival in its field. It will add to
the popularity of tests because it makes their results meaning-

ful to the non-mathematical.
Lewis M. TERMAN
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STATISTICAL METHOD IN
EDUCATIONAL MEASUREMENT

CHAPTER ONE
INTRODUCTION

Is there anything interesting about statistics? Most
people would probably say no. They mean that most statis-
tics are for them uninteresting. This is quite natural. But
when a mother keeps a record of the growth of her baby from
week to week, or when a teacher who suspects that her pupils
are not ‘as bright as those of another teacher undertakes to
find out by testing them with a mental-ability test whether
this is true, these data become for that mother or teacher
very interesting.

The purpose of this book. In reality, this book does not
deal with statistics as such. It deals with the method of
interpreting statistics — one’s own interesting data, collected
painstakingly for an important purpose. When the teacher
has taken anywhere from one hour to ten hours in giving and
scoring a standard test and tabulating the scores, she wishes
to get from these data all the significance and enlightenment
that can be found in them. This book is written for the
special purpose of enabling a teacher who knows nothing
whatever about statistical methods to work over her scores
and any other data in the most convenient way, so that those
facts that are inherent in the data and which are earnestly
sought will stand out, vividly and in their true perspective,

After all, those things are likely to be most interesting
* about which we know most, and the writer firmly believes
that the more the teacher or principal learns about the meth-
ods that may be invoked to make a seemingly incoherent
- mass of scores or other measurements yield fruit in those

truths that are so vital to the progress of education, the more
1



2 Statistical Method in Educational Measurement

interest that teacher or principal will find in the study of the
method itself.

Is there a science of mental measurement? When one
speaks of science we generally think of some organized sys-
tem of relatively exact knowledge, such as mathematics,
physics, or chemistry. Mental measurement, on the other
hand, is so inexact that we may be inclined to feel that it
should not be called a science. However, the method of
handling the data of mental measurement statistically in
order to determine how inexact they are and what degree of
reliance may be put upon them constitutes one of the most
exact of sciences. We may have used a very inadequate
measure of the ability of a pupil in written composition, for
example, but by the collection of a large number of such
measurements we are able by statistical methods to deter-
mine the most probable true measure of a given pupil’s
ability and to know just how much reliance may be placed
upon the results.

What kind of facts does statistical method reveal? The
statistical method described in this book is equally applicable
to the measurement of “intelligence,” of the products of
education and training; of character traits — indeed, of any
kind of anthropometric measurements. The emphasis in
this book, however, is laid on the application of ‘the method
to so-called mental and educational measurements.

Let us suppose that a school principal has administered a
mental-ability test and an achievement test to the pupils of
Grades 4 to 9 of his school. What may the scores reveal ?

(1) The principal may determine, withia a known degree
of accuracy, the relative amount of the mental development
of each pupil tested and the relative amount of knowledge
he has attained during his school career.

(2) He may determine, within a known degree of accuracy,
the average level of mental development of the pupils of any
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grade in comparison with that of the pupils of any other
grade, and determine whether the steps in average develop-

ment from one grade to another are approximately uniform.
He may do the same for the steps in average amount of

. knowledge possessed by the pupils of the several grades.

(8) He may determine how widely different in amount, or, as
we say, how variable, the abilities of the pupils of a single class
are, and may compare the variability of one class with that of
another. Stating this in another way, we may say that the
principal may determine the relative homogeneity of his various
classes in mental ability and in knowledge (achievement).

(4) He may determine the degree of overlapping of grades
and classes in mental ability and achievement. For example,
he may find that 25 per cent of the pupils of the fourth grade
exceed the average of the fifth grade in achievement, and
that 5 per cent of the fourth grade exceed the average of the
sixth grade. .

" (8) If other schools in his city have used the same tests, he
may determine how his school ‘stands in comparison with
those schools with respect to the average mental develop-
ment of the pupils and their average achievement.

(6) By means of the grade norms given in the manuals of
directions, he may determine how his school stands in com-
parison with schools in other cities with respect to the aver-
age mental development of the pupils and their average
achievement. (The norm for the fifth grade, for example, is
the average score of fifth-grade pupils all over the country.)

(7) He may compare the mental ability of any individual
pupil with that of the other pupils of the same grade or class
in a number of ways. He may say, for example, that George
has a degree of mental ability that places him in the upper
quarter of fifth-grade pupils, or he may say that George
exceeds in mental ability 85 per cent of the pupils of the fifth
grade. There is a simple way of determining this percentage
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by means of a device called the Percentile Graph, which
is described in Chapter V. A pupil’s relative position in
achievement may be similarly expressed.

(8) A pupil’s ability may be expressed also in terms of the
age for which such ability is normal or average. Thus, the
principal may find that George has a mental ability just nor-
mal for the age of 12 years, 8 months. (If this is true, George
is said to havea mental age of 12 years, 8 months.)

(9) A pupil’s achievement may be expressed, if desired, in
terms of grade status; that is, if a pupil has made a score in
the achievement test which is just average for the fifth grade
at the end of the third month of the school year, we may
say the pupil has a grade status of 5.3.

(10) The principal may also compare the achievement of
each pupil with his mental ability and thus determine which
pupils are doing school workithat is on a par with their mental
ability. The ratio between achievement and mental ability
may be expressed mathematically as the Accomplishment
Ratio, as is explained on page 172.

(11) The principal may find the degree of correspondence
between achievement and mental ability by the method of
correlation. This may be done by means of a Correlation
Chart, which is described herein (pages 192 to 201). The
chart is designed for use by persons wholly unfamiliar with
the method of correlation. By the use of this method the -
principal may find also the degree of correspondence between
achievement as measured by the test and achievement as

“ judged by the teacher; or between any two abilities, either
measured or estimated.

(12) If one form of the test is given at the beginning of the
year and an alternative form at the end, the principal may
determine the relative progress made in achievement by
each pupil and by the various classes. By means of measures
of progress, it is possible to compare the merits of various
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teaching methods and devices. In scientific procedure of
this sort rests the future development of educational method.

In enumerating the various items of information that a
school principal may discover from the results of the adminis-
tration of mental and educational tests, we have not men-
tioned the application of these, chief of which, of course, is
the classification of pupils into homogeneous groups in order
that instruction may be better adapted to,the needs and
abilities of the pupils. Also, it is not to be inferred, of course,
that such discoveries may be made only by the principal.
Any teacher or supervisor may make the same investigation
as far as her own pupils are concerned.

The determination of any one of the facts mentioned above
regarding one’s pupils, however, requires the understanding
of statistical method, at least to some small degree. It is
the aim of this book to set forth,in an elementary way those
principles and procedures ‘which will enable any teacher,
supérvisor, principal, superintendent, or other researcher to
obtain regarding his pupils*any of the kinds of information
mentioned above, and many others, without his having made
any previous study of statistical method.

It may be advantageous to read each chapter through as
a whole without attempting to master it as you go along.
In Chapter III, for example, several methods of finding a
percentile rank are discussed, first according to a common
conception, next a precise but rather impractical method,
and finally an approximate method that is simple and prac-

tical. You should become familiar with the third method,

and for that purpose an exercise is provided giving practice

m finding a .dozen percentile ranks. It is not necessary,

however, to spend time studying the first two methods unless
you are especially interested in these. In general those dis-
cussions not followed by exercises are of a type leading to
more practical methods for which exercises are given.

;
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CHAPTER TWO
TeE CeENTRAL TENDENCY OF A DISTRIBUTION

Comparison of groups. The pupils of a certain school in
New York were recently tested with an arithmetic reasoning
test. The scores of the pupils of Grades 5A and 5B are
given in Table 1.

Is it possible to tell from inspection of this table whether
there is a tendency for the scores of one class to run higher
“on the average ” than the scores of the other? Make a
guess from inspection of the table as to which grade has made
the better scores “ on the average.” Guess about how much
better the scores of one grade are than those of the other.

TABLE 1

Scores or PuriLs IN GRADES 5A AND 5B IN THE ARITHMETIC
Reasoning Test

GrADE  *| No. or PupiLs Scores
11 8 7 87 7 5 4 81011 9
5A 36 1012 9 615 7 8 51214 11 5
5 91012 4 8 710 8 810 9
712 81011 611111110 8 5
5B a7 11 8 8 613 7 91311 912 9
6 8 8 8 612 6 14 10 16 12 13
10 11 12 10 14 10 10 9 8 13 11

The mean. A common measure of the achievement of a
class as a whole is the * average * score of the class. This is
found by adding all the scores of the class and dividing the
sum by the number of pupils in the class. Thus, the sum of
the scores of the pupils in Grade 5A is 308. Dividing this
sum by 86, the number of pupils, we get 829, which we can
call 9 if we wish only the nearest whole number. Carried

to two decimal places, the “average ” for the class is 8.56
6



