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EDITOR'S PREFACE

THIs is the sixteenth of a series of Yearbooks which the National
Council of Teachers of Mathematics began to publish in 1926,
The titles of the first fifteen Yearbooks are as follows:

1. A Survey of Progress in the Past ‘Twenty-Five Years.

2. Curriculum Problems in Teaching Mathematics.

8. Selected Topics in the Teachiug of Mathematics.

4. Significant Changes and Trends in the Teaching of Mathe-

matics Throughout the World Siuce 1910.

5. The Teaching of Geometry.

6. Mathematics in Modern Life.

7. The Teaching of Algebra.

8. The Teaching ot Mathematics in the Secondary School.
9. Relational and Functional Thjnking in Mathematics.
10. The Teaching of Arithmetic.
11. The Place of Mathematics in Modern Fducation.

12. Approximate Computation.
13. The Nature of Proof.
14, The Training of Mathematics 'Teachers.

15. The Place of Mathematics in Secondary Fducation.

The present Yearbook is the final report of *“The National Coun-
cil Committee on Arithmetic " sponsored and financed by the Na-
tional Council of Teachers of Mathematics. It should be an excel-
lent companion volume for the Tenth Yearbook on “The Teaching
of Arithmetic,” which has had a very wide circulation. These two
Yearbooks constitute valuable material for teachers of arithmetic
and for those who have charge of teacher-training couuses.

As editor of the Yearbooks, I wish to express my personal appre-
ciation to The National Council of Teachers of Mathematics and
to the members of the Committee for making this Yearbouk

possible.
W. D. REEvE
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Chapter 1

INTRODUCTION

BY R, L. MORTON
ONIO UNIVERSITY

AN examination of materials published since the beginning ot
the twentieth century on arithmetic as a part of the cur-
riculum of the elementary school reveals a variety of points of
view but a clearly discernible trend. Many recall a period when
the doctrine of faculty psychology and a correlative belief in a
large measure of transfer of training found widespread acceptance
among teachers. Arithinetic became a difficult and, to many, an
uninteresting subject. Failures among pupils were common;
indeed, more pupils “failed” in arithmetic than in any other
clementary school subject.

Emphasis upon skill in computation. The advent of standard-
ized tests, some thirty years ago, focused attention upon the
elements of computational skill. Pupils and their teachers were
judged by the number of examples of a prescribed kind which
they could sclve in a given number of minutes with a “standard”
per cent of accuracy. Drill was the prevailing mode of instruc-
tion. A few pupils who discovered for themselves sumething
of the nature of the number system and who found meaning in
the operations which they performed became both accurate and
rapid in computation. Furthermore, some of them could use
with case the skills which they had acquired. They learned to
do quantitative chinking. But the majority did not understand
the number system and were unable to apply what arithmetic
they had learned to the solutions of everyday problems. Failures
continued to be numerous and there was evident a definite
dislike for arithmetic.

The flight from arithmetic. Arithmetic had become an im-
portant part of the curriculum not only because it was believed

1
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to have disciplinary value but also because it was universally
believed 0 be a subject of great practical worth. However,
investigations of the extent to which men and women in various
walks of life used the arithmetic skills which they had acquired
revealed that they used far less than they were supposed to have
learned. For the most part, too, only the simpler operations were
performed. For example, a few of the more common fractions
accounted for nearly all the orvdinary uses of fractions in life
activities,

‘The result was a considerable reduction in the number and
variety of examples which children were asked to solve. The
program became easier and, presumably, of greater “practical”
worth.  Unfortunately, however, this reduced program failed to
develop a widespread intelligence in the use of number. In
out.of-school and after-school activities arithmetic did not seem
to be applied with any greater degree of success than betore, It
became apparent that the problem could not be solved merely
by reducing the program, although the elimination of unreal and
irvelevant material doubtless constituted a forward step.

The Committee's position. Soon after it was organized, the
National Council Committee on Arvithmetic (as the Committee
tesponsible for this Yearbook was named) published in three
journals a statement of basic points of view to which it sub-
scribed.' This statement denied the validity of both the drill
theory and the incidental-learning (hecry of arithmetic instruction
and endorsed what had been called the “meaning theory.” The
statement sct forth a series of nineteen pronouncements with
reference to arithmetic as a phase of the child’s school and out-of-
school experience and classitied these under four general headings,
namely: (1) selection of content, (2) organization and grade
placement, (3) methods of teaching, and (4) measurement and
evaluation. Readers of the journals in which this statement
appeared were invited to submit criticisms of the Conuniteee's
position. No adverse comments were received. In offering this
statement and in developing a Yearbook based thercon, the

VCwryiendum Journal, 9:299-305, November, 1938; The Mathematics Teacher,

31:267.272, October, 1938: The Jawnal of the National Feducation Avociation,
97 1 205.206, October, 1038,
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Committee is desirous of reaching a position upon which the
teaching profession may agree and which may serve as a basis tor
a unificd effort to improve the aritlunetic program.,

The preparation of this Yearbook. The Tenth Yearbook of
the National Council of Teachers of Mathematics was devoted
to arithmetic. That Yearbook found ready acceptance with the
educational public. The first printing was sold in less than two
years and another priniing was ovd:red, The present Yearbook
differs from the Tenth Yearbook in several important respects,
It is the work of a Committee, with the assistance ot a few addi-
tional contributors, rather than the work of scattered individuals
working alone. The Committee planned this Yearbook and
assigned subjects for chapters in an effort to include the more
important topics and to give the Yearbook unity and cohevence.
Furthermore, each chapter was submitted to every member of
the Committce and was then revised and rewritten in the light
of the criticisms received. Thus, each chapter, instead of being
the brain child of one person, may be said to be the joint product
of several persons.

Nevertheless, the point of view expressed in a chapter is pri-
marily the point of view of the author of the chapter. Naturally,
each author veserved the right to accept or reject the suggestions
which he received. Hence, each author accepts the responsibility
for the statements which his chapter contains, Also, if a chapter
makes a worthy contribution, the credit goes to the author.

This means that the different chapters express somewhat dif-
ferent points of view and give different emphases. The Committee
believes that these differences are neither great nor serious. The
Commiittee does not decry the differences which exist. It believes
on the other hand, that teachers and other students should con-
sider these various points of view and undertake to evaluate them.
For example, the reader who turns to Dr. Brueckner's chapter
after having read Dr. Wheat's chapter will gain a somewhat
different idea of the nature and function of arithmetic as a phase
of elementary school experience. Surely each reader will be
interested in and stimulated by both of these contributions.

Those most familiar with the modern progressive movement
in American elementary education may conclude, after reading
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the Yearbook, that insuflicient attention has been given to the
opportunities in a Progressive program for teaching arithmetic,
The Committee has been disappointed in the fact that two
persons, both of whom have been rather actively identified with
the Progressive movenment, were unable to make the contributions
which they had intended to muke. Dr. C. L. Cushman, then in
the Denver Public Schools and now at the University of Chicago,
was a member of the Committee for about a year but felt obliged
to resign because of the press of other responsibilities. Dr. Paul
R. Hanna, a member of the Commiittee, fully intended to prepare
4 chapter on the topic, *Avithmetic and the Integrated Program,”
but within two weeks of the date for submitting final drafts of
manuscripts, was obliged to write that he would be unable to
do so. The Committee deeply regrets its failure to obtain contri-
butions from these two sources.

The topics treated. The order in which the subsequent chap-
ters have been wrranged is not a chance one but was deliberately
chosen with due consideration of the expressed preferences of
all the members of the Committee, It is believed to be a logical
one. However, no serious loss will be experienced by the reader
who chooses to read the chapters in an ovder different from that
in which they have been presented.

Dr. Buswell's chapter on *“The Function of Subject Matter in
Relation to Personality” suggests a value for arithmetic which
will not have occurred to many readers. It is a unique contribu-
tion and, in the opinion of other members of the Committee,
a signilicant one. Dr. Sueltz presents a discussion of curriculum
problems and the complex and controversial issues having to do
with gradz placement. His discussion is timely since there is a
widespread interest in these topics. It will be particularly valuable
to those engaged in curriculum revision and reorganization,

The chapters by Dr. Thiele, Dr. Wheat, and Dr. Benz stress
aspecis of aritbmetic teaching which will be of special interest
to teachers in the primary grades, the intermediate grades, and
the high school, respectively. Dr. Thicle's extensive experimental
work with pupils in the lower grades at Detroit makes him
exceptionally well qualified to discuss the vole of generalization
in the learning of arithmciic fundamentals. Dr. Wheat's well-
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known contributions to the psychology of the elementary school
subjects, particularly avithmetic, will guarantee special interest
in his chapter in which a theory of instruction is developed. Dr.
Benz, who has had extensive experience in the theory and practice
of secondary education, presents in a challenging manner the
contribution which arithmetic may make to the education of
secondary school pupils,

The Committee has frequently stressed what scem to be two
outstanding phases of avithmetic, viz,, the mathematical phase
and the social phase. This does not mean that the Committee
conceives of arithmetic as functioning separately and independ-
ently in the lives of children as mathematics on the one hand
or as a social experience on the other. To insure that the reader
will find that the social phase is given proper emphasis, Dr.
Brueckner has made it the subject of his chapter. The contribu-
tion which the pupil's experiences may be expected to make
te vard learning arithmetic as a “system of ideas” is also recognized
by Dr. Wheat.

The Committee believed that to be of maximum usefulness
to teachers and supervisors the Yearbook should contain a collec-
tion of materials and devices which others have found most
helpful in enriching the course. Miss Sauble’s position at
Detroit has given her the experiences which have qualified her
to prepare such a chapter. The Committee requested her to
assemble this material and she has done it admirably.

Now that the drill theory of arithmetic instruction is in dis-
repute, there is often expressed concern as to what is to become
of drill. At the Committee’s request, Dr. Buckingham has dis-
cussed drill as a phase of the new typc of arithmetic program and
has shown that the term “drill” may be invested with a richer
meaning than has been associated with it in the past.

Likewise, there is deep concern these days over ways and means
of cvaluating learning, inasmuch as many if not most of the tests
formerly in use were designed to measure the results of lcarning
efforts which were based upon the drill theory. If the “meaning
theory” is to prevail, how shall learning be evaluated? Dr.
Brownell has discussed this subject at length and has provided
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concrete suggestione for putting into effect a newer type of evalua-
tion program.

In Dr. McConnell's chapter, the reader will find a skillfully
organized statement on the subject of recent trends in learning
theory. For many, it will throw new light on the psychology of
arithmetic. This chapter may be more difficult reading than
other chapters for those who have done little reading on the
psychology of learning in recent years, but the mere fact that the
reader finds it difficult is in itself evidence that it will be worth-
while to read and reread the chapter until the implications of
recent trends in the theory of learning are fully appreciated.

A list of questions. The Committee believes that the teacher
will profit from an occasional introspective examination of his
own qualifications. To facilitate such a self-examination, Dr.
Wren has prepared a list of questions and has organized these
questions in two major divisions and ten sub-classes. Many readers
will find that these questions point the way toward further pro-
fessional preparation.

In recent years, arithmetic has been the subject of many research
projects. The interpretation of the results of research is often
difficult, partly because these results sometimes are at variance
with what ordinary observation and common sense seem to indi-
cate, and partly because the results of one study may disagree
aith those of another. Dr. Brownell and Dr. Grossnickle, both
of whom are well known for their own contributions to research
in arithmetic, have written a chapter which the reader will find
a valuable aid in interpreting research.

The bibliographies. So many books, monographs, and articles
on arithmetic have been published that the teacher cannot expect
to read more than a minor friction of the total. In attacking
the difficult task of selecting a bibliography, Dr. Stretch and Dr.
Bond assembled many hundr -ds of references and, with the help
of other members of the Co .n.irtee, undertook to choose a list
of usable length. Dr. Stretch finally brought together one hun-
dred selected research studies, and Dr. Bond one hundred selected
references which are largely non-quantitative in character. These
lists are presented in the last two chapters with the hope they will
be helpful to teachers who wish to do further reading and study.
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Obviously, it is impossible in a single volume to consider all
the issues which have to do with arithmetic as a part of the school
program. The Committee has undertaken to provide a discussion
of those which seem to be the most important. This Yearbook
is offered with the hope that it will assist the teacher in planning
a beiter program and in providing for pupils richer and more
meaningful arithmetic experiences.




Chapter 11

‘THE FUNCTION OF SUBJECT MATTER
IN RELATION TO PERSONALITY

BY GUY T. BUSWELL
- UNIVERSITY OF CHICAGO

Tm«: teaching of arithmetic has commonly been evaluated in
terms of the development of mathematical skills, the ability
to think quantitatively, and the ability to apply arithmetic in
social situations. Few would deny that these are significant ways
of measuring the value of an arithmetic program. On the other
hand, the outcornes of arithmetic may also be evaluated in terms
of their contribution to the development of personality. This
latter basis for evaluating arithmetic has become prominent in
the literature only during the last decade, although, in essence,
it is not a new criterion since it is only a particular jllustration
of one of the aspects of transfer of training. Furthermore, not
only arithmetic but all subject matter is equally open to examina-
tion in terms of its contribution to the development of a child's
personality.

Positive and negative views. One does not need to search far
in the educational periodicals to find statements, both positive
and negative, relative to the effect of subject matter on person-
ality. For example, in Childhood Education Nina Jacobs! defends
the proposal that arithmetic has important and positive values
for the development of personality. She gives numerous concrete
illustrations from her own classwork to show how an understand-
ing of number contributes to the development of a sense of
security, of the idea of responsibility, and of the feeling of neces-
sity for cooperating with others. She defends the position that
no subject gives a greater sense of security than does mathematics.

! Nina Jacobs, “Personality Development and Adjustment through Number,”
Childhood Education, 13 : 258-261, February, 1937,

8
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Quite in contrast with the position defended by Miss Jacobs
is that expressed in an article by Professor lane* published in a
later issue of the same journal. Professor Lane blames the “three
R’s" for much of the personality maladjustment found in young
children. He takes the position that It seems absolutely essential
that reading, writing, and arithmetic shall cease to occupy the
center of the attention of primary teachers. These skills are
learned through a relatively small number of flashes of insight
rather than through careful learning of all the elemental processes
involved in them. The good teacher of the skills is one who can
help children liv~ well and richly regardless of skill equipment
and who is able to detect in individual children the need for
assistance in attaining insight. The good teacher never induces
labor leading to the delivery of ideas or insight. . . . To primary
teachers I would suggest a few marked changes in procedure:
De-emphasize the three R’s. From the remotest corner of the
subconscious drive out the concept of respectability as related
to achievement in the three R's. Make certain that every child
is experiencing worthwhile att‘tudes and meanings regardless
of his skills. Under no circumstances cause a child to lose caste
or status, nor to gain it, with you or with his associates, through
the skills.”

It is obvious from the two preceding illustrations that in this
same subject of arithmetic Miss Jacobs sees positive values which
can make a marked contribution to personality whereas Professor
Lane so fears negative outcomes that he would like to see arith-
metic subordinated and “de-emphasized” in the school's program.
Other illustrations could be cited showing such opposing points
of view related to the arithmetic of the intermediate and upper
grades.

Apparently, here is an issue of major importance since the
nature of the arithmetic program will depend very much upon
which of these two positions is taken. Furthermore, as has been
said, the issue is far larger than simply the subject of arithmetic
since, in essence, the probicm is the extent to which organized
subject matter contributes to or inhibits the development of

2 Howard A, Lane, “Child Development and the Three R's," Childhood Educa-
tion, 16 : 101-104, November, 1939,
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personality. There is also involved the question whether per.
sonality is a direct or an indirect outcome of education and
whether the concept of personality is adequate to cover all the
desivable objectives of ¢ducation,

The assertion that arithmetic as taught during the past twenty
years produces some undesirahle outcomes is not open to dispute.
Certainly, the application of tie drill theory has produced a
meaningless outcome which no < ne can adequately defend. Fur-
thermore, the attempts to introduce the subject by teaching
abstract number combinations, without first building up a back-
ground of concrete understandings, has separated the avithmetic
of the schools from the vivid and genuine number experiences
which the child builds up in his out-of-school quantitative experi-
ences. In the middle and upper grades the situation has been
little better as the work of the pupils is all too often characterized
by a formal manipulation of arithmetical processes devoid of
either mathematical meaning or social significance. The need
for reform in arithmetic is freely admitted. The question is:
What shall be the nature of this reform?

Proposals for reform. Those who have attacked arithmetic
from the standpoint of its bad effects on personality development
have made three proposals. The first of these, made by only a
small minority of the group, is that there be a complete abandon-
ment of systematic school subjects, a proposal which affects not
only arithmetic but all organized subject matter. No one has yet
worked out a complete program to substitute for organized subject
matter and the proposal is often expressed in such loose terms as
Professor Lane has used when he urges teachers to “study child-
hood, have faith in children, provide a wealth of worthwhile
child-like experiences and watch 'em grow!” ‘This trustful faith
in “watching 'em grow™ (like Topsyl) is worthy of serious con-
sideration only as it is modified by the phrase, “provide a
wealth of worthwhile child-like experiences.” The whole issue
hinges on what should be the nature of these “worthwhile experi-
cnces.” If they are to be nothing more than the incidental and
extemporaneous experiences proposed by teachers and pupils
from day to day there is little to look forward to except chaos.
On the other hand, if these “worthwhile experiences” are the
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product of intelligent and serious study they are bound to eventu-
ate in some kind of organized content which will be available
for all teachers. This will still be some sort of organized
subject matter and it is quite immaterial whether it is called
“arithmetic,” or “a school subject,” or whether it goes by such
names as “activities” or “projects.”” Abandonment of organized
subject matter cannot be defended.

A second proposal for the reform of arithmetic is that the
subject be postponed or that some of the content be deferred
until children are more mature. There is a great deal of sense to
this proposal, provided the school does not simply postpone the
subject as it is now taught but rather makes a careful study of
the relatianship between maturity of children at different ages
and the arithmetical concepts and experiences which can be made
meaningful to them. The various proposals which have been
made for deferring arithmetic have fallen considerably short of
this criterion. For example, the widely known proposal of Benezet
as described in the N. E. A. Journal® was a postponement in name
only. Benezet did not postpone arithmetic to the seventh grade
as a reader might infer from his statement, “If I had my way, I
would omit arithmetic from the first six grades.” Rather he
eliminated many of the formal aspects of the subject and sub-
stituted in their place some very desirable learning experiences
which simply made a different kind of arithmetic.

Certainly, few teachers are so naive as to believe that number
experiences can be postponed completely until the seventh grade
or, for that matter, until the third grade. Consequently, the
proposal to postpone arithmetic until children are more mature
is very misleading. What the proposal really calls for is an aban-
donment of formal teaching. with which anyone will agree, and
the rearrangement of number experiences to fit the developing
maturity of a child, to which, also, no one can take exception.
The shallow argument that pupils can learn more arithmetic in
the same amount of time if the subject is postponed scarcely needs
consideration since, by the same argument, everything could
equally well be postponed. It is difficult to name any type of

3L. P. Benezet, “The Story of an Experiment.” Jowrnal of the National Educa-
tion Association, 24:211-244, November, 1935.
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learning which cannot be accomplished more readily by an
eighteen-year-old person than by one six or nine years of age,
but the implication is not that all education be postponed and
presented as a lump as soon as maturity is reached.

A third proposal of those who admit the deliciencies of arith-
metic as it has been taught, and who are interested in much
more than just a school subject and are, consequently, concerned
with the effect of arithmetic on personality, is that a major
reorganization of subject matter and methods is nzeded, but that
the outcome must be an organized body of number experiences
from which both mathematical insight and social significance may
be derived. Furthermore, they maintain that in this type of
number experience positive contributions to the development of
desirable personality traits can be found. Before analyzing this
proposal a brief consideration should be given to the nature of
personality development.

The nature of personality development. A personality char-
acteristic is always a generalized rather than a specific form of
behavior. For example, being courteous is not a matter of stereo-
typing specific responses, such as saying “Thank you” or “Excuse
me,” but is, rather, a generalized form of response which expresses
itself in various forms of speech and behavior, and always arises
from the recognition of a set of values relating to other people
and reflecting attitudes of respect and consideration for them.
Personality characteristics grow out of experiences.

A commonly accepted hypothesis holds that personality develops
through adjustment to frustrations in experience. The way a
person adjusts to being thwarted in obtaining the things which
he craves either by nature or by habit makes his personality what
it is. If frustrations become too numerous or too severe the
individual may develop a feeling of inferiority and a defeatist
attitude. If life becomes full of fear the individual may adjust
by cringing and hiding or by adopting bullying attitudes to
conceal his fear. If life becomes altogether too casy and the child
is able to satisfy his cravings with no effort on his own part, there
is no basis for developing strength of personality and the indi-
vidual takes on attitudes of smugness and arrogance which are as
socially undesirable as are some of the attitudes which develop
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from excessive frustrations at the other end of the scale. Further-
more, experiences which lead one to see uew values, to discover
exactness and order in matters which once seemed confusing or
which had not been in the 1ealm of one's experience at all, are
successes which add positively to personality. A child’s personality
emerges from his adjustments to the experiences of home and
school.

Schools of the past have given altogether too little thought to
the nature of this development of personality, and an overbalanced
emphasis on subject matter has been the natural outcome of
a theory of education which was sometimes expressed by the
phrase, *Knowledge is power.” An overbalance of emphasis on
knowledge as the sole aim of education and subject matter as
its sole means of attainment may, without question, produce
maladjusted personalities. On the other hand, personality does
not develop in a vacuum. Furthermore, if the organized learning
experiences oi the school must give way completely to unsys-
tematic, life-like situations, then the school must face the possi-
bility of finding itself outmoded and must be prepared to accept
the proposal that life experiences are superior to those of the
school and, consequently, our schools are unnecessary. But lack of
schooling results in illiteracy, and illiteracy has such marked and
well-known effects on personality that no one would pretend to
defend it as an alternative. What the school must find is some
mode of developing personality and at the same time of retaining
some of the other necessary objectives of education, such, for
example, as fund of understandings, of knowledge, and of skills
required for complete living in such a world as this. If, as stated
in our hypothesis, personality is the product of one’s habitual
method of meeting trustrations and resolving conflicts, how is
arithmetic related in any way to such personality development?
Or, stated more generally, how can education of any kind con-
tribute to the development of personality?

The development of personality depends upon an individual’s
modes of control of situations which produce frustration and
conflict. If one is helpless in the face of such situations, there
is no alternative to feelings of defeat, inferiority, and lack of
self reliance; whereas, given a successful method of meeting
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frustrations, the individual develops feelings of poise, assurance,
and confidence. Education can contribute to these modes of
control.

Mathematics and quantitative relationships. One of the large
areas of human experience has to do with quantity and with
quantitative relationships. It is the function of mathematics to
contribute to one’s ability to meet situations of this kind. Children
who cannot read the clock are frustrated in making adjustments
to social practices. Once they learn to read the clock they can
avoid many frustrations by arranging their activities in acc rdance
with the necessities of a time schedule, Children who have not
learned t» count are excluded from participation in many activi-
ties in which other children find much pleasure. Number plays
a large part in the activities of even primary grade children.
Because of the very basic and permeating character of mathematics
it becomes a mode of control of increasing importance as children
mature and the frustrations requiring control are as numerous
in their thought experiences as in their overt behavior.

The advantages mentioned in the preceding paragraph are
seldom pointed out when arithmetic is criticized on the ground
that it damages personality. When this criticism is made it is
asserted that arithmetic is dull, that it is abstract at too early a
level, that it destroys interest, that it produces an aversion for
school, and that it sets up habits of intellectual formality instead
of vigorous mental responses. There is no doubt that all of these
faults may be witnessed in some arithmetic classes. There is also
no doubt that they may be found in some classes in any subject.
‘The cause of these undesirable modes of response cannot be laid
to arithmetic or to any other particular subject; they are the result
of poor selection and organization of content, poor methods of
teaching, and poor personality of the teacher. Formality is an
attitude of mind; it has no place in any proper scheme of educa-
tion. Arithmetic, or any other subject, may be taught formally
and the outcomes may be damaging or undesirable. On the other
hand, arithmetic, or any other subject, may be taught with com-
plete lack of formality when content and method are so planned
that understandings are vivid throughout and so that the later ab-
stractions are always the products of earlier concrete experiences.
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In considering the relationship between arithmetic and the
development of personality, some specific charges should be con-
sidered.

Faults attributed to arithmetic. One of the chief objections
to arithmetic has been that it is too difficult, that the percentage
of failures in the subject is too high, and that because of its
difficulty it causes children to dislike school in geneval. It is true
that arithmetic is more diflicult than some other more concrete
forms of experience. In the very nature of the case arithmetic
deals with abstract symbols, and dealing with abstractions is always
more cditlicult than dealing with concrete experiences. On the
other hand, no thinking person would deny that the special values
of arithmetic veside in the fact that it does deal with abstract
relationships. Quantitative relationships can be handled effec-
tively by using arithmetical processes simply because so handling
them makes it possible to abstract the essential quanti.ative rela-
tionships from the great mass of concrete accompaniments and to
save much time, effort, and confusion in arriving at the solution,
Any good education leads toward abstract concepts no matter
what is the field of activity.

It is, of course, more difficult to learn to divide by a fraction
than to work out the same problem concretely through the use
of sticks or counters, but the reason we develop abstract processes
from concrete experiences is simply because, once they are learned,
the abstractions furnish a much more economical method of
dealing with experience, However, there is no denying the fact
that some difficulty is involved in learning any abstraction. Never-
theless, to eliminate anything that is difficult on the ground of
such statements as that quoted from Professor lLane, namely,
“The good teacher never induces labor leading to the delivery
of ideas or insight,” is open to direct challenge, and to challenge
on the very grounds that a complete elimination of labor trom
the process of learning would be damaging in the extreme to
personality development.

One of the commonest adjustments which must be made in all
kinds of life experience is the adjustment to work. The necessity
of work frustrates individuals in every conceivable kind of experi-
ence. A personality that has never learned to adjust to a work
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situation leaves much to be desired. When arithmetic is handled
by good teachers, and there are many of them, it furnishes an
exceptionally good opportunity to develop personality chavacter-
istics of persistence, industry, and concentration, because in the
very nature of avithinetical operations the vesults of such activities
are so clearly vevifiable. 'The previous sentence is not a revival
of a doctrine of formal discipline. The writer is not talking about
the development of any hypothetical abilities or “faculties of the
mind,” but simply about the establishment of generalized habits
of reacting to frustrations of difliculty in the ways described. As
has been previously pointed out, personality is merely the sum
of these generalized habits which are the outcome of experience,

The organization and grade placement of arithmetic may be so
poorly managed that the pupil is frustrated by work assignments
entirely beyond his stage of maturity; but, on the other hand,
number experiences may be properly related to the developing
maturity of children in such a manner that the difficultics imposed
are stimulating rather than depressing, and the child may learn
the exhilaration of mastering a series of meaningful experiences,
It is because avithmetic has often been presented through barren
drills rather than through meaningful experiences that criticisms
of this type have appeared: but to throw out arithmetic because
it is sometintes presented in too difficult a fashion is like “throw-
ing out the baby with the bath.”

Another criticism of arithmetic is that it often produces formal,
meaningless responses from children, Jeaving them confused and
with a feeling of dullness in the face of quantitative situations.
There is little doubt that an overemphuasis on speed in computa-
tion, with the attendant large amounts of drill, may produce such
outcomes. This is no particular charge against arithmetic since
it is doubtful whether any kind of content could have succeeded
under such methods of teaching. The outcome, however, is by no
means universal and there are many persons, the products of our
schools, for whom number operations are clear and meaningful.
Since the year 1930 there has beenn a most marked improvement
in this particular respect and, as noted in the introductory chapter
of this Ycarbook, the position of this Committee is completely
in accord with emphasis on meaning and understanding, rather



Arithmetic in General Education 17

than on speed in computation. There are ample grounds for this
kind of criticism ol arithmetic but certainly the aiternative lor
the schools is not an abandonment of the teaching of the subject.
Rather, it is the development of a much superior kind of teaching
of arithmetic, It is the improvement of teaching, rather than the
criticistn of poor teaching, which should receive the attention of
school people.

The position taken in this chapter is that arithmetic has
decidedly positive values to offer to the school's program of
personality development, It can help children adjust to those
types of frustrations which defeat all too many adults. Some
illustrations may serve to make this point clearer,

Some illustrations. In the writer's dealings with graduate
students in education numerous cases have been encountered in
which students have deliberately side .epped worth-while prob-
lems because these problems involved some understanding of
statistical concepts. They were [rightened by any suggestion of
the necd for statistical understandings. "These cases have exhibited
a great range of forwms of adjustinent, even to some students who
have paid sizable sums of money to sccure assistance on operations
so simple that a few hours of intelligent study would enable any
individual to understand them. Yet they expressed a fecling of
utter inadequacy in the tace of any mathematical situation. They
go through life with feelings of inferiority and dread simply
because they have not learned enough mathematics to enable them
to behave intelligently in quantitative situations. The damaging
results of a lack of arithmetic in these cases are far more obvious
than any damaging results which might accompany a serious
attempt to understand the subject.

There are in this country a large nunber of women who, when
they find it necessary to triple a recipe, measure out two-thirds of
a cup of flour three times rather than hazard the mental operation
of “How much is three times two-thirds?” Fveryone knows per-
sons who are afraid to display their lack of ability at adding scores
in a card game and are much embarrassed by the fact that they
are afraid to do so. Many otherwise intelligent citizens throw up
their hars in survender in the face of trying to understand the
financial operations of even local government. Innumerable
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people ave caught in the trap of installment buying because they
do not know how to work out the simple arithmetic of the
situation. Short-term loan agencies flourish on the patronage of
people who uever realize the exorbitant rates of intevest they are
paying until they are trapped by the impossibility of keeping
pace with the rapidly accumulating size of their loans.

As Professor Wheat has pointed out, “One can remain so
ignorant of number as to be very complacent in the face of the
problems and frustrations of modern life. Many people are
fairty well-integrated personalities merely because they know so
little about the demands which aumber relations make in a
complex world. ‘These are the ‘Ham-ana-Eggers' and ‘Thirty-
Dollars-Every-Thursday' people. On a low level of thinking, they
may be very well integrated; with some understanding they are
less so on a higher level; and with more understanding they may
become integrated on a higher level.”

Thus, one can see in every direction examples of frustrations
caused by a lack of genuine understanding of the arithmetic of
quantitative experiences. The arithmetic of the elementary
schools has been inadequate for these purposes. It must be im-
proved, not eliminated.

Although the development of personality is an important obli-
gation of the school, it is not an outcome which can be produced
by direct attack such, for example, as offering courses in person-
ality, or teaching a person how to be self-relinnt, or self-confident,
or “how to make friends.” This kind of direct teaching involves
the danger of producing introverted prigs. It may result in
changes in personality, but changes of an extreinely undesirable
kind.

Personality adjustment through experience. Personality de-
velops best through an education which gives the child experiences
in meeting successfully the many kinds of frustrations which life
brings to everyone. Many of these adjustments are of the imme-
diate, personal kind—such as ure encountered on the playground,
at home, in life outside the school. These are important kinds of
adjustments to which the school can undoubtedly give more
intelligent consideration than it has generally given in the past,
On the other hand, there are extremely important kinds of
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adjustrnents which can be made only by the mastery of some of
the more important kinds of understandings which the race has
learned through long ages of experience. These understandings
make up the content of the greater part of the school’s curriculum.
The strategy of education is so to organize and present these
essential concepts that they can be understood in the relatively
short number of years that an individual can spend in school.

Schools should differ from life in presenting these important
understandings in a way very much superior to that afforded by
life outside the school. But these understandings that make up
the content of the curriculum are not something apart and
separate from the development of personality. They provide the
controls of frustrations trom which personality characteristics
emerge. The mastery of significant content is one of the most
direct ways in which one may be aided in his adjustment to
frustration. Certainly, the difference between the way a well-
educated person reacts to the frustrations of life as compared to
the way an uneducated, illiterate person reacts to them needs no
emphasis to the readers of this Yearbook. The central issue here
is: "Are the kinds of experiences which have been organized into
our so-called school subjects the best kinds of experiences which
may be presented and is the organization and method of presenta-
tion likewise the best?”

In reference to the subject of arithmetic the writer's position is
that the mastery of mathematical relationships is essential in
making many adjustments which eventuate in desirable person-
ality traits. The arithmetic which the schools have been presenting
is admitredly too formal, often poorly graded, often presented by
methuods which can be improved. However, the remedy for this
situatic.. is not to eliminate it, but to experiment with it, to
adjust it to the level of maturity of the child being tavght, and
to make it meaningful in the experiences of children. By so doing
the school can make a valuable contribution to the development
of essential elements of personality.




Chapter II1

CURRICULUM PROBLEMS—GRADE PLACEMENT

BY BEN A. SUELTZ
STATE NORMAL SCHOOL, CORTLAND, N. Y.

AKTHMETIC, because of its service to the individual and to
society as well, continues to occupy a significant position in
the curriculum of the elementary school. In general, the cur-
ricular problems pertaining to arithmetic are similar to those
of a decade and a generation ago. They originate with the recog-
nition that arithmetic is important in the lives of intelligent
citizens and with the observation that many of our recent
graduates from the public schools are not competent in simple
mathematical situations.

GENERAL FACTORS IN ARITHMETIC CURRICULA

During the past generation school curricula have become
crowded. Schools have experimented with “activity curricula”
and with “experience curricula” in an attempt to ease the situation
and to make education more meaningful and pleasurzble for the
child. Since experimental curricula were found readily adaptable
to the social studies and to certain phases of the language arts,
these areas were frequently emphasized. The net result has been
that arithmetic has suffered. Not only has arithmetic suffered in
the amount of time devoted to it but also, and much more to be
deplored, it has suffered in the mode of instruction and in the
appraisal of its nature and function. Too commonly, teachers
and school officers have viewed arithmetic as a group of skills
which are to be memorized so that having been learned they are
useful tools which are always readily available. Several chapters
of this Yearbook present a sounder and more rational view of
arithmetic and of better methods of teaching and learning.

20
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This chapter will diccuss such important questions as arise when
a curriculum committee faces the tasks of selection, arrangemnent,
and placement of arithmetic materials in a curriculum for the
elementary school. In the main, the discussion will be based
upon the implications of the position adopted by the Yearbook
Committee. Naturally, however, the personal opinion of the
writer cannot be wholly excluded. In order that the reader may
better understand later arguments, the breadth of aims in a
modern program of arithmetic will be noted.

Types of aims in arithmetic. Curricular problems as well as
problems dealing with instruction and evaluation should be
viewed in terms of the educational aims which are expected. The
school that expects to achieve only temporary mastery of abstract
computational problems faces a task different from that of the
school that has a much broader vision of the nature and function
of arithmetic.

Many diffrent arrangements and descriptions of the aims of
arithmetic are possible. The following classification of types and
kinds of aims shows briefly the scope of a modern program.

1. Concepts and Vocabulary. This includes all the vocabulary
items ranging alphabetically from add to zero, together with the
ideas and concepts associated with these language elements. Con-
cepts, as for example those of measures and fractions, should be
rich in associations so that a child may gain ideas and visualiza-
tions of size or value and of use.

2. Principles and Relationships. This type of aim includes such
principles as the mathematical equality, for example, of ten
nickels and two quarters, the principle of place value in writing
numbers, and all such relationships as the comparisons of numbers
and measures.

3. Social and Economic Information. In this class are found
the many items of consumer information, such as “coffee is sold
by the pound,” the interpretation of statemerts such as “an 80
ft. lot,”” and such business forms as receipts and checks.

4. Factual Information and Materials. This includes such items
as the identification of geometric forms, the common facts and
equalities of measures, and the simple number facts or combina-
tions. This class is distinguished from the preceding one in that
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here the information is more definitely in the realm of materials
of mathematics, while in the former the information is more in
the realm of applications of arithmetic.

5. Processes and Manipulations. This type comprises all the
computations ranging from simple addition through percentage
and including work with fractions, with decimals, and with
standard measures.

6. Problems and Basic Thought Patterns. This group of aims
includes the early associations of processes with arithmetical situa-
tions, e.g., addition becomes associated with the situation of
combining quantities. Common basic types of problems such as
those associated with cost, number, and price and with distance,
rate, and time, as well as more specialized types of problems such
as those occurring in percentage are included.

7. Reflections and Judgments. Many types of reflection which
are not always recognized as mathematical are here included. For
example, extracting pertinent data from a situation or description,
judging whether another’s reasoning is correct, drawing inferences
from data, comparing similar elements in different expressions,
and seeing the relationship of two variables often require mathe-
matical abilities not included in the usual arithmetic program.

It is easily apparent that the above groups of aims are closely
interrelated and that attempts to teach any one type will usually
foster and extend learning of several other types. Again, each of
the above groups is important because it contributes to intelligent
participation in social, economic, and cultural affairs. A program
or curriculum in arithmetic may be judged in terms of the extent
to which it features all the broad aims in such a way that pupils
will become able to think and to act intelligently in arithmetical
situations.

The aims and expected outcomes of a program of arithmetic
should be divided and grouped in terms of the type of learning
or the degree of mastery expected from the pupils. Three types
or levels of learning may be anticipated by the teacher:

1. For Permanent Mastery-—the concepts. ideas, items of in-
formation, principles, habits and patterns of thinking, and the
computations which all of us need in the conduct of our affairs,
e.g., subtraction, comparisons measurements, etc.
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2. For Temporary Understanding—a considerable amount of
arithmetic which is usually taught and frequently forgotten by
the pupils but which may be readily relearned and is available
{or reference, e.g., lesser used facts of measurement and semi-
technical computations.

8. For Partial Understanding and Appreciation—mathematical
ideas, principles, information, and processes which the ordinary
citizen should know exist and which he should partially under-
stand but the mastery of which is reserved for specialized workers,
e.g., foreign currency, “case I1I" percentage, and finding the rate
in an installment-buying problem.

To be sure, curriculuin workers will disagree on the content
for each of the three groups or types of learning to be expected.
Some committees may wish to go much further and designate
levels of learning for different groups of pupils. However, having
recognized a problem, a curriculum committee should seek an
answer. The solution involves such factors as the pattern of
education which is dominant in the school, the committee’s ex-
perience with and insight into arithmetic, the committee’s knowl-
edge of the learning activities of boys and girls, and similar
elements which affect any phase of learning. During the next
decade much progress should be made in the reclassification of
aims of arithmetic in te, 15 of the types and kinds of learning to
be expected. Too frequently teachers attempt to teach for perma-
nent mastery all the materials in a textbook. Many textbooks
have already adopted plans, such as starred items or sectioned
pages, in order to provide different types of materials for different
pupil abilities.

Trends in elementary education. Obviously, the organization
and the pattern of the clementary school together with the
methods of teaching and learning employed therein affect the
curriculum. They influence the selection, the organization, and
placement of materials as well as the effectiveness of learning.
In order to show how the type of school affects the learrung of
arithmetic, three generalized types of school organization will be
described briefly.

1. The Traditional School. The traditional school is divided
into grades in which children study such subjects as reading,
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arithmetic, science, and literature. These school subjects are
divided into sections so that in each school grade a pupil is
expected to learn certain definite things. The pupil is pr ymoted
from one grade to another in terms of his achievement in the
school subjects. The curriculum of this traditional school is
organized according to the school subjects.

2. The “Activity-Experience” School. While individual schools
of this type differ markedly, they are similar in that school
subjects are of importance only as they contribute to the larger
activities and experiences in which the pupils engage. T pically
the pupils of a fourth year might be studying transportation or
communication and while doing this they learn such reading and
arithmetic as are encountered in the investigation of the topic
of transportation or communication. Subject matter as conceived
in the traditional school is secondary. In the “activity-experience”
school the curriculum is usually expressed in terms of experiences
rather than achievement in subject fields.

3. The “Combination” or “Fusion” School. Many schools are
attempting to combine or fuse the better elements of the tradi-
tional school with those of the “activity-experience” school. This
is frequently done by organizing the curriculum in terms of
subjeCl-matter sequences and goals and adopting “activities” and
“experiences” when these contribute toward the achievement of
the subject-matter goals. Occasionally the lower grades of an
elementary school follow the “activity-experience” pattern, while
in the intermediate and upper grades emphasis is shifted gradu-
ally toward a more traditional pattern.

The large majority of clementary schools in the United States
follow the traditional pattern. A growing minority are of the
“combination” or “fusion” type. The general trend is toward
humanizing education and making it more meaningful to the
pupil. In arithmetic this means a reappraisal of both content
and method in terms of their social, economic, and cultural
significance.

In the more common traditional school organization, the
arithmetic curriculum is built around the logical sequences and
mathematical dependencies which characterize the processes of
arithmetic. Because these logical relationships are sn evident to
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orie who understands arithmetic, they frequently lead a teacher
to regard the subject as an abstract science of numbers. As a
result teaching may become stereotyped and the aims may be
narrowed much more than is desirable. The mathematical rela-
tionships of arithmetic aid greatly in the development of meaning
in processes and computations, but they alone will not ensure
that pupils grasp the social and economic significance of *heir
learning.

In the main, investigations of curriculum problems during the
past twenty-five years have dealt with arithmetic in the traditional
school. They have dealt with selection, organization, and grade
placement of subject matter, and this has usually been a narrow
interpretation of subject matter. Curriculum makers are still
puzzled over the problem of giving breadth, meaning, and sig-
nificance to arithmetic teaching. A curriculum may suggest that
teachers capitalize upon and enlarge the mathematical experiences
of their pupils in order to help them to sense and to resolve
mathematical situations in the real world, but it cannot guarantee
that these things will be done. That is a responsibility that must
be shared by teacher education and by school administration.

In “‘activity-experience” schools the learning of arithmetic de-
pends in large measure upon the wisdom and judgment of the
teacher. Arithmetic becomes a secondary aim and frequently a
very casual one. Two weaknesses of this type of school are
apparent: first, pupils and teacher alike are likely to miss an
important mathematical situation because they are unfamiliar
with it and its implications; and second, pupils and teacher are
likely to investigate a situation or problem and attempt to master
it without regard to its place in a sensible mathematical sequence.
Furthermore, the investigation and study of a topic such as trans-
portation in all its aspects does not provide for the intensive
study that is needed to learn to master a mathematical process.

The ‘‘activity-experience” curriculum may serve very well for
the early stages of the development of concepts and for giving
social and economic significance to much of arithmetic. However,
if fuller comprehension and genuine usefulness of processes is to
be achieved, a definite program of instruction in arithmetic is
needed. The issue reverts to the aims of the school. In “activity-
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experience” schools, if arithmetic is to be learned, the teachers
must know when the mathematical element in an “activity” should
be assumed or furnished and when it should be thoroughly
investigated and studied. Teachers in these schools should possess
a broad knowledge of the nature and uses of arithmetic.

In schools that follow a somewhat traditional pattern but also
draw freely upon the values of pupil’s activities and experiences,
a fine type of arithmetic learning may be achieved. This is possi-
ble when a good curriculum is being carried out by a well-educated
teacher who knows how and when to use the logical relationships
of arithmetic and when social experiences should assume domi-
nance. In all types of schools there are many different ways of
approaching and achieving learning. Some teachers excel in one
approach while others prefer another. One method may appeal
to certain children and not to others.

The organization of a school should be sufficiently flexible so
that teachers may capitalize upon their own particularly suitable
methods of teaching. Similarly, curricula for various subject fields
should allow for differences of treatment and modes of learning.
Procedures may become quite as stereotyped in an “activity-
experience” school as in any traditional school. Both types offer
advantages. The future will probably witness a fusion of the two
in such a way that each may best contribute toward the education
of boys and girls.

QUESTIONS CONFRONTING SCHOOLS

Despite divergence in organization of schools and in philosophy
of education, certain questions concerning the nature and place
of arithmetic in the whole curriculum arise repeatedly. Most of
these problems and questions cannot be answered categorically.
At best, any discussion of questions pertaining to the curriculum
reflects the ideals and experiences of the writer.

The more commonly asked questions that deal with arithmetic
in the school curriculum will be stated and discussed in three
groups: (1) those dealing primarily with the selection of content,
.(2) those dealing with arrangement and placement of materials,
and (3) those dealing principally with instructional problems.
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Inasmuch as several chapters of the Yearbook deal with instruc-
tional problems, the discussion here will be very brief. The
general aim is to direct thinking, rather than to offer specific
solutions.

Selecting the arithmetic content. In selecting the arithmetic
content several questions may be asked:

1. Who should determine the nature and scope of the arith-
metic curriculum? What part should the pupils, their parents,
the teachers, school officers, and curriculum specialists share in
this job?

Perhaps the best answer here is that those who understand most
about the job should be entrusted with it. The amount of arith-
metic or of any field of study in the whole curriculum is de-
pendent upon its importance in the lives of people. Hence, those
who make the decision ought to be qualified to sense and to
interpret the mathematical elements in our social, economic, and
cultural activities, Building a curriculum in arithmetic is like
building a bridge. A specialist may be called in to design a
bridge but his utility is slight unless he understands modes of
construction and strengths and values of materials. In general it
is perhaps best to build a @ftrriculum through the cooperative
efforts of school officers and teachers who understand both children
and arithmetic. To date, the problems concerning curriculum
making are largely in the realm of personal opinion. It should be
an informed opinion.

. 2. Is there too much arithmetic in the elementary school?

This question has several aspects. Perhaps some of the arith-
metic now commonly taught in the elementary school should be
shifted to the high school. Such a suggestion is made in Dr,
Benz’' chapter of the Yearbook, Certain phases of arithmetic, such
as the uses of percentage and computations of volumes and
capacity, have greater utility for adults than for children. Certain
processes, such as some calculations of interest and the indirect
cases of areas and volumes, are fairly difficult for elementary school
children but not for high school children. Many teachers feel it
would be highly desirable to lessen the arithmetic load in the
elementary school by transferring some of it to the high school.
Arithmetic was at one time taught in the college.
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From another point of view several school people have charged
that the elementary school is attempting to teach more arithmetic
than anyone needs. Certainly, this charge is open to debate. No
doubt certain schools are spending too much time on some phases
of arithmetic, but the general achievement in a broad program
of arithmetic is not satisfactory. This is attested by the cumnber-
some and frequently erroneous arithmetical procedures used by
our public school graduates when they enter a simple vocation.
We should not lose sight of the purpose for studying arithmetic,
i.e., to educate boys and girls to become more self-reliant and to
think and act more surely and correctly when they encounter a
mathematical situation.

The amount of time devoted to arithmetic should depend upon
the amount of arithmetic to be learned and also upon such
psychological factors as the difficulty of learning. These are rela-
tive matters and as yet must be determined largely by personal
opinion. In general, in conventional schools, the timne devoted
to arithmetic is approximately 10 per cent of the total school day
(including play periods).

3. If a child does not encounter arithmetic or see a need in
learning it, then why should he bother to learn it? Should a
child learn things in the elementary school when his greatest need
or use of them will come in adulthood?

All children encounter arithmetic even though they may not
recognize it. Is it not true that we sense and appreciate better
the things we have studied and understand? In 1928 when every-
one seemed prosperous, a matron said to her child's nursemaid,
“Just see that Bobby has the rudiments of walking; he will always
have plenty of cars.” In 1941 this same Bobby is walking to a
public school. We should not be similarly shortsighted in respect
to arithmetic,

If education could be continuous, it might be desirable to post-
pone many things now taught in the elementary school until the
social or vocational need for them arose. However, it would seem
somewhat unwise to postpone learning to swim until after the
boat has capsized. A sensible procedure is followed in many
schools in respect to percentage. In the upper elementary school
grades the basic concepts, ideas, priuciples, and computations are
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learned in velation to situations that appeal to children of this
age level; the more diflicult and complex phases are omitted.
With this background a pupil is prepared to meet the ordinary
simpler uses of percentage and he has a reliable foundation upon
which he may, at a later date, build more technical applications.

Society expects iutelligent behavior from its members. A part
of this behavior is dependent upon mathematical knowledge.
When the whims of the individual conflict too strongly with the
expectations of society, the individual should yield. This is a
basic tenet in the compulsory attendance required in our public
schools.

4. How should the arithmetic content of the curriculum be
selected? Should the content vary for different communities?

A close relationship exists between textbooks ahd courses of
study in arithmetic. Until about 1900 courses of study or curricula
were very brief and [requently merely refened to pages of some
particular textbook. Since 1900 a reversal has taken place and
now textbooks are presumably based upon well-known courses of
study. In fact, however, since the personnel of authorship of
textbooks and curricula are frequently the same or at least repre-
sent the same point ol view, a reciprocal relationship between
curricula and textbooks exists. Since both textbooks and curricula
are intended for use by teachers. they are usually prepared with
a content and treatment with which many teachers will be sym-
pathetic. Occasionally both texts and curricula are prepared in
light of information collected from teachers in the field. Directly
and indirectly the teacher exerts a considerable influence on
both the content and the treatment of materials in a curriculum.
He exerts a more individualized influence when he decides how
he himself will teach and when he personally emphasizes certain
phases of the prescribed content. In some schools the teacher is
practically free to determine his own curriculum.

Several survey techniques have been employed by curriculum
committees in an attempt to be more scientific in selecting the
content of arithmetic. In general, the earlier surveys tried to
discover what arithmetic was most commonly used by adults.
More recent surveys have tried to classify the activities of children
at various age levels. T'wo weaknesses are likely to appear in the

"



30 Sixteenth Yearbook

survey of adult uses of arithmetic. First, both the surveyor and
the one whose uses of arithmetic are being surveyed may not recog-
nize all the mathematical situations and uses employed by the
subject; and second, the surveyor and the surveyed may not sense
all the potential functions of arithmetic that might be used if the
person surveyed were better educated in arithmetic, This is
apparent when one who knows arithmetic as a broad field observes
an ordinary adult in both conuonplace and novel situations.
I'he survey of children’s activities is subject to the same types of
error.

A comprehensive survey of the actual uses and all the potential
uses of arithmetic in the lives of people ranging in age from two
years through adulthood would offer many suggestions to cur-
riculum makers. Such a survey should include all phases of arith-
metic in the cultural as well as the social and economic life of
the individual, From the mass of data collected the curriculumn
worker would seek an organizing principle. The most apparent
and probably the most reliable principle for educational paurposes
would likely be the logical relationships and sequential char-
acter of much of the data, Having determined what materials
are desirable for basic objectives the curriculum worker would
next study the functional relationships in order to determine a
sensible teaching sequence, Textbook writers and curriculum
makers frequently employ the results of informal studies of actual
and potential uses of arithmetic.

Although the uses of mathematics may vary somewhat from
one community to another, the basic mathematics involved is very
similar, Hence, it is doubtful if arithmetic curricula should dif-
fer noticeably in content although they may differ considerably
in method and in arrangement, Since the same textbook is often
used in widely separated communities and since textbooks fre-
quently become the actual curriculum, the same arithmetic con-
tent seems to suffice. From another point of view, producing a
play on Broadway vequires the same basic additions, multiplica-
tions, and percentages as producing a crop of wheat in the
Dakotas. The mathematical concepts may be different in the
two fields of produwction, but both fields require reasoning and
judgment and many other types of mathematical thinking.
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The selection of content for “activity-experience” schools is
approached somewhat differently from the procedures used in
more traditional schools. For the activity-experience school it is
particularly important to formulate the aims and objectives in
respect to arithmetic even if arithmetic is considered of secor 'ary
importance to the “activities” and “experiences.” It is not suffi-
cient to say that a child will learn the arithmetic which he en-
counters in a study of transportation or some other activity., As
has already been pointed out, neither the child nor the teacher
may be particularly alert to the arithmetic in the situation. For
this type of school a chart of sequential learnings in arithmetic
may be prepared so that teachers may know whether or not it is
wise to pursue some particular phase of mathematics. Such a
chart is useful also when it is found advisable to make an in-
ventory of the pupils’ arithmetical learnings. If it is found that
the regular “activity-experience” program do. . not provide for
all the desired learning of arvithmetic, then a special program in
arithmetic should be provided.

Arranging and placing the arithmetic content. The arranging
and planning of the arithmetic content present these problems.

1. Have logical and mathematical considerations played too
prominent a role in the organization of arithmetic curricula?

A curriculum that is organized in terms of the computational
skills of arithmetic is necessarily a logical one. Most teachers real-
ize that the process of division, for example, depends upon the
processes of addition, subtraction, and multiplication. and there-
fore division is sensibly learned after the other processes. How-
ever, it is possible to begin division before all the usual abilities
with the other processes have been achieved. The arrangement of
a desirable sequence for teaching arithmetic must involve the
logical dependencies of one process upon another. Other phases
of arithmetic, as for example concepts, information. and prin-
ciples, are usually related to processes and to that extent they
should be studied in their mathematical relationships. Frequently
greater meaning and significance are achieved when a phase of
arithmetic is studied in relation to the social or economic situa-
tion in whi~h it commonly occurs.

The topic of percentage will serve to illustrate how an< when
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logical relationships are useful in developing a new process.
To find a per cent of a number, most people convert the per cent
rate to a decimal or to a fraction and then proceed to multiply.
Hence it is necessary that work with fractions or decimals must
have preceded this phase of percentage. Furthermore, since cer-
tain exercises dealing with this type of percentage are simpler
when done with fractions and others are easier when done with
decimals both methods should be learned. Other process phases
of percentage illustrate this same mathematical dependence upon
fractions and decimals. Computations with decimals follow the
same pattern as the corresponding computations with whole num-
bers. In this way, by tracing the mathematical dependencies, a
teaching sequence is developed. On the other han', the topic
of percentage also illustrates how some phases of avithmetic need
not follow the same sequence as the nrocess phases. The con-
cept of percentage may be rather well developed with only a small
knowledge of fractions and no knowledge of decimals. For ex-
ample, the fourth grade boy who has learned that 4 per cent
means “four out of a hundred” and who then reasons that this
is the same as “two out of fifty” and “one out of twenty-five”
and “‘eight out of two hundred” has grasped thi¢ fundamental idea
of percentage.

Schools of the “activity-experience” type frequently get into
difficulty when they ignore the logical relationships of arithmetic.
Consider the predicament of the supervisor from such a school
who said, “Of course I would teach long division in the second
grade if the pupils encountered a need for it.” Planning when to
teach a topic is like bidding in contract bridge; one must know
when not to bid as well as how and when to bid.

Logical relationships frequently facilitite learning and hence
become elements of the methods of teaching. In general, when-
ever the logical relationships of mathematics aid, better than any
other means, in the development of meanings and understandings
and in the facilitation of learning, then the logical velationships
should be employed. In actual school practice it is found that
some teachers prefer and excel in one approach while other
teachers prefer another. Most teachers use a combination of
methods and devices to ensure that their pupils develop mean-
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ings and at the same time grasp the social and economic sig-
nificance of their learning. Dr. Thiele states in his chapter deal-
ing with arithmetic in the primary grades that the number system
and number meaning are developed by using logical relationships
together with concrete experiences with numbers.

2. dvre there age levels at which children learn certain types of
arithmetic better than at other age levels?

We have no evidence to show that a nine-year-old child will
learn, for example, multiplication facts more readily than an
eight-year-old child or a ten-year-old child, when age alone is
considered. Other factors such as previous experiences with num-
bers and associations with the idea of multiplication are more
important. Mental maturity, which is a function of both age and
experience, bears some relationship to ease of learning. We have
numerous instances 1o shotw that a twelve-year-old child can learn
a given amount of arithmetic in a fraction of the time that is
usually required for an ecight- or nine-year-old child. Similarly
ten-year-old children who have not previously attended school
have learned to read as well in six months as six- and seven-year-
old children lean in two years. The implications of these cases
are interesting and need to be studied by curriculum makers.
So many factors enter into learning that it is difficult to draw
valid conclusions in relation to a single factor.

3. Should arithmetic be taught in the kindergarten and in
grades one and two?

Whether or not the school plans to teach arithmetic in these
grades, the children will learn it. Fven at the ages of two and
three vears, normal children are developing ideas of size, amount,
and number, and are making wisual and mental as well as manual
comparisons. Similarly in the kindergarten concepts of size, of
shape, of amount, and of number are being developed in relation
to the things which the children see and handle. These con-
cepts and associations with them precede the stage when it be-
comes necessary to read and write figures. Opportunities for
thinking and for the exercise of judgment frequently occur in
the kindergarten. The wise teacher capitalizes these with the
pupils. For example. instead of directing several pupils to get one
large and two small mats for the playroom, the wise teacher
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will let the children experiment with the size and shape of rugs.
In that way mathematical ideas of size and shape are fostered.

In many schools number records are started in the first grade
and counting with meaning is developed. In many cases the arith-
metic is based upon the normal experiences of the children
around the school. The role of the teacher is to recognize the
uses of numbers and assist his pupils in the formation of concepts
and of principles of numbers and the number system. While
pupils begin to organize and to systematize their learning at an
early age level, mathematical sequence in learning is probably less
important here than at later stages. A great deal of information,
particularly about measures and their uses, is usually learned in
grade one. Definite goals for attainment in this grade need not
be set. However, it is desirable to record the arithmetical learning
of the pupils at the end of the grade,

Practically all children who enter grade two have already
learned a number of addition and subtraction combinations even
though none were previously taught. Many teachers chart the ad-
dition combinations that have been learned and then proceed to
develop new combinations through association with those already
learned and with the aid of concrete materials. Information, con-
cepts, and mathematical principles are involved in many of the
affairs of children in the second grade and hence are available
for study. A description of the arithmetic learning of children
at this age level is given by Agnes Gunderson in The Mathematics
Teacher for January, 1940.

A systematizing of learning appeals to children in the second
grade. It appeals to their intelligence and helps them to sense the
relationships and importance of what they are doing. A program
that begins to organize the learning of arithmetic need not be
formally carried out. In fact, the approaches to learning and the
methods by which it is achieved may be quite as important as the
usual goals. The writer believes that broad and definite goals in
arithmetic should be attained in grade two.

4. Is it possible to arrange a curriculum in terms of successive
units or activities <uch as the post office, transportation, com-
munication, and providing shelter? Wiil such a curriculum assure
the learning of arithmetic?
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Such curricula are in operation in a number of schools and
to some school people they are entirely satisfactory. It is a ques:
tion of aims of education. Whether arithmetic can or should
be learned in such a curriculum is another matter. Much depends
upon the teacher. He may find it entirely possible and even very
favorable to teach avithmetic by such a curriculum in the lower
grades.

A topic such as communication may be fitted into a curriculum
for five-year-old children or it may be suitable for fifteen-year-old
children or twenty-five-year-old adults. Its place in a curriculum
sequence depends upon the basic subject matter involved and
what is done with it. From the mathematical point of view the
topic might be limited to a study of the size, shape, weight, and
postage of letters. On the other hand bracket functions, the
principles of curve fitting, and differential and integral calculus
may be needed if one wishes to study the more complex phases
of communication.

The broad aims of arithmetic as previously described in this
chapier cannot be achieved in the “activity-experience” treatment
of topics such as transportation unless definite provision is made
for systematic instruction in arithmetic. This is true particularly
when processes are being learned. It is true also if the modes of
learning are considered important in the aims or goals of learning.

5. How should the grade placement of the subject matter of
arithmetic be determined?

This question is complicated by many factors which bear upon
the curriculum, factors which frequently are solely matters of
opinion. The nature of the curriculum, of the organization of the
school, the scope aud function of the curriculum, the methods
of teaching. the modes of learning. and the promotional policies
of the school. all affect the problem of grade placement. All the
factors which influence the efliciency, rate, and amount of learn-
ing indirectly affect grade placement. For example, a school that
has five twenty-minute periods per weck devoted to arithinetic
in grades three and four will not normally achieve as much as a
school having the same number of thirty-minute periods. This
affects grade placement in subscquent grades. Likewise, a school
which promotes all its pupils annually on a basis of chronological
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age is likely to have an accumulation of difficulty in arithmetic
and will nced a placement in certain grades different from that
of the school that holds its pupils to certain definite stundards in
each grade. Arithmetic learning accumulates and any force that
affects this accumulation in turn affects grade placement. Grade
placement is in fact a secondary problem, secondary to the one of
discovering a good teaching sequence.

In most cases personal opinion has determined the grade
placement of the materials of arithmetic. Personal opinion has
value particularly if it is tempered with knowledge and experi-
ence and then [urther tested by the experiences of many other
competent workers in the field. That was the procedure used in
vreparing the chart of grade placements which is found in the
New York State Syllabus (1937) . Because of the many factors that
enter into grade placement, it is doubtful if at the present time
opinion should or can be replaced by research. To illustrate,
research may determine the lowest age or grade level at which
an arithmetic topic can be learned readily, but we may not wish
to place the topic at that level. Likewise, research may seek to
determine the optimum mental age for learning a topic but that
criterion alone is not suflicient. People do not agrce on the
interpretation of “optimum mental age” nor do they agree on
how to use optimum mental age if it were found. This is illus-
trated by considering division. Simple division problems can be
solved informally by pupils who have learned multiplication facts
in the third grade. But certain exercises with two-figure divisors
prove diflicult for seventh and eighth grade pupils. The cur-
riculum maker might wish to spread division over five school years
in order to adjust the materials to the difficulty of the work, as he
interprets this difficulty, but he soon realizes that other considera-
tions are worth noting. The inherent relationships of division
suggest that it is a “unit topic” and perhaps should be so con-
sidered in the curriculum. Also, division is a very uscful process
which if delayed until grade seven would hamper the activities
of the learner. Obviously the curriculum maker must weigh fac-
tors and use his judgment.

An intriguing approach to the problem of grade placement
is through a study of pupils’ interests and activities to see whether
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certain intercsts persist for children of a given age. If positive
resuilts were obtained in such an inquiry, they would have to be
carefully scrutinized by the curriculum maker in order to see if
the mathematical content of the successive interests of the pupils
was related to the necessary sequential phases of arithmetic.
Arvithmetic is the one school subject that is full of logical rela-
tionships and mathematical dependencies that facilitate learning
and give meaning to it.

Researches dealing with phases of the problem of grade place-
ment are not lacking. They have suggestive value for the curricu-
lum maker but none of them have attacked the whole problem.
Many of these research studies have been classified by Brueckner
in his chapter, “The Development of Ability in Arithmetic,” in
the Thirty-Fighth Yearbook (1939) of the National Society for
the Study of Fducation. Using these studies in part, Brueckner
has set up “‘stages of growth’ in arithmetic and the corresponding
grade level at which these stages are reached. It is interesting to
note that Brueckner's “stages of growth” are in reasonable agree-
ment with current curriculum practice.

In the same Yearbook, Washburne discusses “The Work of the
Committee of Scven on Grade Placement in Arithmetic.”” The
Committee of Seven sought to determine optimum mental ages
at which children can learn various arithmetical processes. As
pointed out by Washburne the conclusions of the comnmittee
should be checked by others. In checking these conclusions with
pupils in New York State the writer has found variations as high
as one and one-half vears from the grade placements suggested
by the Committee of Seven. These discrepancies do not invalidate
the work reported by Washburne because the two studies differed
in scope, in methods of teaching, in tests for evaluation, and prob-
ably in many other respects. The important point to note is that
any of these research conclusions that are based upon the learning
of children are valid only for the specific factors involved in the
particular rescarch. Factors which define a study of this type and
which limit its conclusions arc: (1) the interpretation of descrip-
tive terms such as “optimum mental age,” (2) the amount of
previous learning of the pupils, (3) the methods of learning pre-
viousty used by the pupils, (4) the methods of teaching used in
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the research, (5) the avenues and materials of learning employed
by the pupils, (6) the amount and distribution of time, (7) the
measuring instruments and the way in which they are used, and
(8) the interpretation of results. If a currictulum committee wishes
to use the results of a study based upon the learning of pupils,
it should also expect to use all the factors and interpretations
employed in the study.

As stated at the outset, the problem of grade placement is very
complex. It involves many factors that operate simultaneously.
It would be a mistake to deterinine a grade placement upon any
single issue. Curriculum committees should consult the available
research but finally they will have to settle by opinion and experi-
ence the most important questions involved in grade placement.

6. What factors are important in selecting a desirable arrange-
ment for teachang arithmetic?

The most important factor to be considered in selecting an
arrangement or sequence for teaching arithmetic is the mathe-
matical relationships which when used make it easy to progress
from one phase to another. In the main these relationships are
found in two categories: (1) those within a topical sequence, and
(2) those that join one topical sequence to another. To illustrate
the first with the topic of addition, in the early stages a child
develops ideas of combining and he learns to combine small
amounts by using real objects and by writing numbers and com-
bining the numbers. Based upon these early ideas and abilities
it is easy to progress to harder number combinations, to “decade
addition,” to simple column addition, and finally to the addition
of several columns with “carrying.” Even within the arrangement
agiven here it is possible to make several slight shifts. But the
various abilities or stages of learning addition are functionally
related and these relations should be used in teaching because
they give meaning to the process. The second type of relationship,
that which joins one topical sequence with another, is well illus-
trated by division. The process of division actually uses addition,
subtraction, and multiplication. These three processes do not
occur in exactly the same way in which they occur in the ordinary
exercises of addition, subtraction, and multiplication but, having
learned them previously, a child readily uses them in the new
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operation of division. It is sensible to use these relationships
wiuen planning a sequence for teaching.

The non-process phases of arithmetic are also related but to a
much less degree than the processes. Logically one might assume
that inch should be learned before foot and yard but this is aot
nccessarily so. Classification of measures according to use is a
nore natural learning procedure and teaching sequence than
classification in relation to size. The comparison of measures,
however, depends upon previously developed concepts of the
measures involved and if the comparison is to be an exact one it
depends also upon a process with numbers. Teachers who are
acquainted with arithmetic reacily distinguish the nzcessary de-
pendencies which facilitate the learning of arithmetic.

Studies of relative difficulty of operations have been used to
arrange a teaching sequence from the easy exercises to the more
diflicult. As McConnell points out in his chapter dealing with
the psychology of learning arithmetic, these studies of “error”
and of “difficulty’” are founded upon assumptions and methods
of learning that are questionable. In general, if no other factors
are involved, a teaching sequence might follow the order of diffi-
culty. Teachers will note, however, that the order of difficulty
found in an experimental study represents a statistical average
and that many of the pupils in any particular classroom deviate
widely from the statistical average.

In arranging the teaching sequence, other factors such as “in-
terest appeal” of materials and “stages of growth” of pupils
should be considered, to the extent to which they have been
investigated and found reliable. However, if such factors conflict
with the necessary mathematical dependencies the latter should
be selected as the organizing principle.

Instructional problems that affect the curriculum. Among
these prolems are the following:

l. How do different instructional procedures affect the cur-
cteulum?

Since different instructiorial procedures result in different kinds,
amounts. and rates of learning, they must affect the kind of
arithmetic, the amouut of arithmetic, and to svine extent the
placement of the arithmetic in the curriculum. Because of the
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cumulative nature of arithmetic learnings, instructional proce-
dures probably have a greater effect upon the arithmetic in inter-
mediate grades and upper grades than on that in the lower grades.

The job, then, of the curriculum maker is to find the type of
teaching procedure that best fits the materials of arithmetic and
the age levels of the pupils. Probably rather different procedures
should be used in grades two and seven. The whole matter of
individual differences in both pupils and teachers enters into
the choice of method.

2. What values are atiached to the practice of “stretching”
topics over several school years?

Our earlier arithmetics were arranged topically and logically
and for many years a topic such as {ractions or division constituted
the major work for a school vear. Two criticisms of this pracuce
were raised: (1) lack of continued work with a topic resulted in
forgetting, and (2) while some phases of a topic were easily learnc *
others proved very diflicult. In order that the difficulty of learn-
ing marerials might better fit the abilitics of the pupils, schools
have gradually spread or stretched the content of topics so that
at the present time study of the topic of division is spread over
several ,ears. This can be done without violating necessary log-
ical sequences. Many teachers feel that this practice results in
better learning and happier children. Obviously, however, the
practice of “stretching” topics should not be carried to extremes.
For example, it might be found in an investigation of difficulty
that certain division exercises with two-figure divisors proved
more diflicult than similar exercises with three-figure divisors but
that fact alone should not place them in different grades or the
one after the other.

3. What curricular arrangements can be made in order to pro-
vide for individual differences among pupils?

Ideally, every pupil should advance at his own best rate of learn-
ing. Practically, however, that is dilficult to arrange in a public
school when thirty or more pupils may be assembled in a single
classroom. Teachers are familiar with plans for individualizing
instruction, as for example the Dalton Plan and the Winnetka
Plan. The test of any plan or organization of this type is in the
effect it has on the behavior and learning of the pupils.
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In larger schools where pupils may be placed in “ability
.~ groups” the instructional job of the teacher is somewhat simpli-
fied. The pupils in the higher-ability group may progress farther,
faster, and by different methods than the slower pupils. However,
within any group of pupils, differences of kind as well as of
amount and degree of intelligence will be apparent.
~ The policy of grouping pupils according to chronological age,
together with the practice of promoting all who are socially ad-
justed within the group, has made it exceedingly difficult for
teachers to maintain reasonable levels of achievement in the
school subjects. This situation can be resolved only in terms of
the aims of education. Teachers should not expect to achieve
goals that the school officially neither expects nor provides for.
All too often teachers are disheartened when a superintendent
desires goals such as cooperation, adjustiment, happiness, while the
parents expect their children to learn reading, writing, arithmetic.
This is a curriculum problem cach community must solve.

Some schools are meeting the problem of individual differences
through individualized instruction with the aid of printed ma-
terials such as workbooks. In the hands of a skillful teacher who
has a relatively small number of pupils, this plan is successful.
It must be noted that printed materials are not real objects and
the situations provided in print are only vicarious. The typical
workbook is particularly suitable for the drill and practice phases
of learning arithmetic. While the child is in school he has a
right to reccive the best materials and avenues of instruction that
are available. The teacher should assume his role as a guide and
teacher and not delegate his greatest opportunities to a work-
book. Pupils who progress without frequent guidance by a teacher
frequently lecarn a wrong method instead of a correct one.

The whole matter of individualizing instruction might better
be viewed as a problem of individualizing learning. A curriculum
might provide for different amounts and different kinds of learn-
ing for various types of pupils. The final success of any plan of
individualizing learning depends upon the teacher.

4. The “activity-experience” curricuhem has proved very valu-
able in learning the social studies and the language arts so why not
adopt it for arithmetic?
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Many school people would deny that the “activity-experience”
curriculum, as defined in this chapter, is entirely successful in the
language arts and in the social st:dies. No doubt this type of
curriculum has great value. The big problem today is to discover
the types of learning for which it is best suited. Certainly it is
very bad reasoning to conclude that if a plan of instruction works
well for one field it is equally good for another.

The “activity-experience” curriculum appears to be better
adapted to such phases of arithmetic as the development of certain
concepts, the appreciation of the uses and significance of mathe-
matics, and for opportunities for reflection, than it is for other
phases such as the development and learning of a computational
process. This type of curriculum seems also to be better adapted
to the kind of arithmetic usually found in lower grades than it
does to the typicol arithmetic of the intermediate and upper
grades. Again, we should seek an adjustment that combines the
values of both traditional education and “activity-experience”
education.

BUILDING A CURRICULUDM IN ARITHMETIC

It is not the purpose here to give detailed steps for developing
a curric..Jum or course of study in arithmetic. Rather, some of
the major implications from the previous discussion will be sum-
marized.

Type of school. First of all the community should decide upon
the type of school organization and the basic pattern of learning
that are desired. These two elements go hand in hand and should
be outgrowths of the basic educational objectives. Because these
matters are so important and affect so many people in different
ways it is suggested that the teachers, parents, and school officials
share in these basic decisions. Obviously, no school organization
will attain a high level of achievement if the teachers are un-
sympathetic with the aims and proceduies of the school.

Selecting curriculum workers. The personnel of a curriculum
cominittee should be sympathetic with the general aims and with
the proposed organization of the school. It should be competent
by cducation and experience to work on an arithmetic curricu-
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lum. The two phases of competence that are most desired are
(1) an understanding of children and how they learn, and (2) a
broad knowledge of arithmetic as a field of learning which func-
tions in social, economic, and cultural affairs. It is also desirable
that the personnel possess a temperament which enables the mem-
bers to work cooperatively on the various phases of curriculum
construction. Previous experience in curriculum making may be
valuable but is not necessary. Graduate study in “education’” may
be either a help or a hindrance. The value of an education derived
from experience in the field should not be overlooked.

Yorm of the curriculum. Farly in the process of curriculum
building, it is desirable to visualize the form and the special fea-
tures desired for the curriculum. Later developments may alter
early decisions. Contemporary curricula are of different type and
format. There is some evidence of a shift frgm the outline type
of curriculum which features objectives and methods to a curricu-
lum which is a “handbook” for teachers and which is full of sug-
gestions and guidance.

A curriculum committee might study several recent curricula
in arithmetic to note the organization and treatment of the con-
tent and also to anticipate the many different kinds of questions
that arise as work progresses. The recent arithmetic curricula of
New York State and of the City of Chicago may be consulted.

Types of questions that arise. As a curriculum committee pro-
ceeds, many questions arise. The committee may wish to use the
results of research. Dui research conclusions do not agree. Hence
someone will need to interpret and evaluate research. The com-
mittee may wish to call in “outside experts.” Specialists in arith-
metic do not agree on many specific matters and hence the com-
mittee must select those whose judgment and counsel are trusted.

Many questions dealing with teaching procedures and with
methods of learning special topics and processes will arise. These
are as varied as, "\When and how should we use the experiences
of the pupils?”* and “*Shall we use additive subtraction?” The mat-
ter of method in subtraction is particularly important. In order
to save confusion among the children all the teachers in a school
and perhaps in a community should use the same method. In
relation to division such questions as, “Should the full written
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form be used with one-figure divisors?” and “Should division he
‘stretched’ over four school years?” arise,

A committee working on an arithmetic curriculum may wish
to designate types or degrees of mastery to be expected from
the pupils. For example, all pupils might be expected to learn
to add and to know when to add to a high degree of perfection.
On the other hand, only the more able pupils might be expected
to learn how to find the rate of interest charged for a purchase
on the installment plan, The curriculum maker faces many diffi-
cult but intevesting problems,




Chapter 1V

ARI'THMETIC IN THE EARLY GRADES

Froaz THE PoiNT OF Vikw OF INTERRELATIONSHIPS
IN THE NUMBER SYSTEM

BY C. L. THIELE
DETROIT PUBLIC SCHOOLS

IT 1s the purpose of this chapter to focus attention upon the idea
that a well-rounded program of arithmetic teaching should
be concerned with the interrelationships in the number system.
Another chapter in this Yearbook (the one written by Brueckner)
deals in particular with the social phases of arithmetic teaching.

Since 1920 great stress has been placed upon the socialization of
arithmetic. More recently there has been an observable trend, in
both theory and practice, toward the teaching of a meaningful
arithmetic which secks to help children to appreciate and utilize
the interrelationships in the number system. In this program the
social values of arithmetic have not been disregarded; in fact, they
have been selected with greater care than formerly in so far as
interest and comprehension of children are concerned. The sig-
niticant difference between the program of arithmetic which finds
support in this Yearbook and that of a decade ago is in the extent
to which children sec meaning in the numbers which they use and
operate. The keynote of the new arithmetic is that it should be
meaningful rather than mechanical.

In this discussion dealing with the interrelationships in the
number system two principles will be used as points of departure.
First, children should become acquainted with and use numbers
extensively, both as oral and written records, to describe what is
done about quantitative situations. Second, successful and effi-
cient extension of nuraber usage from the crude methods of carly
childhood to those of the competent adult can be facilitated by
increased insight into the interrelationships of the number system.
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Insight in this connection also implies a method of learning based
upon active participation and discovery rather than upon passive
acceptance of the skills of arithmetic.

How these principles of social usage and insight into the inter-
relations of the number system might operate in a program of
arithmetic teaching in the lower grades of the elementary school is
the text of this chapter. The reader is forewarned not to conclude
that the interrelationships which are described are the only ones
which children might perceive. Neither is it the aim of the writer
to submit an inflexible body of content but rather to demonstrate
how certain content may be taught with due consideration given
to what Buckingham' termed “social significance,” “mathematical
meaning,” and “individual insight.” Arithmetic which is socially
significant and mathematically meaningful for the individual stu-
dent cannot be formalized.

THE CONTENT OF THE ARITHMETIC CURRICULUM

“Content,” as here used, has a double meaning. It not only
connotes skills and abilities which are selected as goals for arith-
metic teaching but refers also to the interrelationships which
serve to give the skills and abilities meaning. In the discussion
which follows, consideration will be given to representative topics,
the aim being to present a point of view with respect to arith-
metic teaching.

Early grade number experiences. It has become customary
to designate the early number experiences of very young school
children under the heading of “number readiness.” In the strict
sense of the word the number learning of five- and six-year-old
children cannot be separated from that which is acquired when
the ages of scven, eight, and nine are reached. Likewise, the
number knowledge of five- and six-year-olds is a refinement of still
earlier ideas regarding quantity. Little consideration, however,
has been given in our schools to the possibility of developing
voung children’s number ideas in a systematic way. In most
schools systematic instruction begins at the age of seven or eight.

+ B. R. Buckingham, “Significance, Meaning, Insight—Thesc Three,” The Mathe.
matics Teacher, 31 :330.335, Jannary, 1938.
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The so-called “readiness” instruction which precedes it is usually
unplanned and undirected. Brownell's? study of the development
of children’s number ideas provides conclusive evidence to sup-
port the contenuon that the number learning of even kinder-
aarten and first grade children should not be left to chance.

A kindergarten teacher was observed who endeavored to direct
the development of number ideas of her children in a systematic
wayv. In her room the leader of each table of six children had
been in the habit of going to the cupboard within the room for
boxes of cravon. In so doing he would look in turn at each child
at the table as he selected the box of crayons for that person.
The teacher, wanting to lead her children to higher levels of
response, placed the crayons out of sight of the children in a small
room adjacent to the kindergarten. Although the leaders experi-
enced difficulty at first, they soon learned to count the children at
their tables, including themselves, keep the numbers in mind,
go to the next room, count out the required number of boxes, and
ieturn with them., The teacher varied the experiences of the
children by asking them to obtain a given number of sheets of
naper, count boys and girls present, set out a certain number
of chairs, ete. Thus the development of number ideas was con-
sciously directed by the teacher. Children were carried from the
simple level of matching objects with children to that of dealing
with total groups.

Even at this carly stage in the school life of the child the two
principles of arithmetic teaching proposed earlier were operative.
Numbers were used as records to describe concrete objects and
certain relationships between numbers were perceived. Obviously
children on the kindergarten level used number names rather than
number symbols to describe quantity. The relationships between
numbers were those which enabled children to distinguish be-
tween groups. i.c., the cardinal number idea. In the operation of
the average classroom there are countless opportunities for the
development of the number ideas for which young children are
ready.

The problem of induction into the use of number symbols

2 W, A, Biownell, T'he Development of Chilidien’s Nuniher Ideas, University of
Chicage Press, Chicago. 1928,
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does, however, seem to be diflicult for many teachers and children
alike. From the study by Brownell, to which reference has already
been made, there is strong support for the contention that much
experience with concrete numbers of the type described above
should precede any attempt to deal with abstract number symbols.
Brownell's conclusion was stated in these words:

“The theory presented and defended in this section is that
success in making the transition from concrete number to abstract
number is largely conditioned by the stage of development which
has been attained in ability to deal with concrete numbers; that is,
other things being equal, pupils who thoroughly understand con-
crete numbers are, because of that fact, unlikely to encounter
serious difficulty in learning the additive combinations; con-
versely, other things being equal, pupils who have not developed
very far in the ability to deal with concrete nuinbers are on that
account almost certain to encounter serious difliculty in learning
the additive combinations.”s

Teaching children to use number symbols as means of express-
ing ideas is comparable to teaching them to write words. If
children put together the symbols of the alphalet to name the
things with which they have direct experience, it would seem that
number symbols should be used in the same way. Thus the
symbol 8 may be recorded to indicate the number of children
in a row, the number of books on a rable, the number of windows
in a room, ctc. Fven a number combination such as 5—2=3
may serve to describe what happened when 2 of 5 pennies were
spent, 2 of 5 cookies were eaten, 2 of 5 marbles were 19st, etc.
The early study of number symbols is therefore more than an
exercise in handwriting and number readiness: more than the
repetition of number names in serial order; it is a study of ideas
and ways of recording them.

The transition from visual oral to abstract written level of
response. In a recent publication Morton* suggests that children
pass through four stages of response before they reach the point
of being able to deal with abstract number. The siages suggested
by Morton and others are:

3 Ibid., p. 125. 4R. L. Morton, Teaching Arithmetic in th- Elementary School,
!, Primary Grades, p. 12. Silver Burdett Companv, New York. 1937.
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The object stage: purely concrete number.
The picture stage: pictures of familiar objects.
The semi-concrete number stage: dots, lines, circles, etc.

1. The abstract number stage: nwnber symbols.

Advantage may be taken of the natural tendency of children to
group any given number of objects in different ways to help them
make the transition which is described above. Anyone who has
watched children playing with blocks, coins, sticks, and other
common articles, has observed children arrange and rearrange
objects in many ways and groups. A teacher conducted such an
activity in the following manner:

w0

Four chairs were piaced in a close row before the children. The
pupils were asked what number should be written to tell how many
chairs were in the row. The children agreed upon the number 4, and
a 1 was written upon the blackboard by the teacher and by each
¢hild upon his paper.

The teacher then asked the children how they could picture the
row ol chairs with line drawings made like the printed letter h.
From among several drawings the class selected one in which the 4
chairs were placed in a line with little space between the chairs.
(hhhh)

Next the teacher suggested that the 4 chairs could be arranged in
other ways and still be in a straight row. A child volunteered to place
the chairs in another way and separated them into two groups with
@ wide space between cach group. Following the suggestion of the
teacher adhawing of the new arrangement was made upon the black-
board and upon the children’s papers. It obviously was hh hh.

Other ways of placing the chaivs in two groups were worked out
with the chairs and drawings made to indicate arrangements like
h hhhand hhh h. The activity resulted in a final record such as:

To check the understanding of what had 4
been done, children were asked to move hhhh
the chairs to show what different parts of hh hh
the record meant. h hhh
hhh h

This was followed with making arrangements and picture records
of other numbers of chairs and of children and of books. Soon the
teacher raised the problem of making complete records without any
nmanipulations,

When the children understood what was meant by arranging ob-
jects into two groups, and could picture the arrangements, the teacher
suggested that crosses such as X could be used instead of the drawings
of chairs, children, and books. Thus the representation of 5 was
changed to:

O

RIC

Aruitoxt provided by Eic:



50 Sixteenth Yearbook

Again children were asked to explain different parts of the pictures.
They soon reached the point of being able to describe parts of the
“5 record” with such remarks as: “All five may be close together,” or
“You may have one out on one side and four on the other side,” etc.

Finally the children were led to substitute numerals for crosses. A
number such as 6 was then analyzed and the analysis recsrded in the
following manner:

6

XXXXXX
1 and 5
2 and 4
3 and 3
4 and 2
5 and 1

The activity which has been described terminated when the num-
bers up to 9 had been analyzed on the abstract level.

In this activity new learning started with real experiences.
These were recorded. The activity brought to light many number
relationships. Finally the activity ended with a consideration of
relationships on an abstract level. From another point of view
a transition was cffected from a verbal to a symbolic method of
describing situations which involve quantity.

Combining and separating numbers. In the normal progress
of the child through school a point is reached at which his
efficiency in arithmetic is impeded if certain number relationships
are not understood and known to the point of immediate recall.
Reference is here made to what are commonly termed the addi-
tion, subtraction, multiplication, and division combinations. The
National Council Committee on Arithmetic® took the position
in its preliminary report that the school should teach the facts
and skills of arithmetic in a systematic way. It recognized the
place and value of incidental learning but did not favor programs
of teaching which stopped short of fixing for retention what has
been learned. The Committee, on the other hand, looked with

5 R, L. Morton, *'The National Council Committee on Arithmetic,” The AMathe-
matics Teacher, 31:267-272, October, 1938.
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disfavor upon a systematic method of teaching which did not
give due consideration to meaning and understanding of what
is learned.

Systematic study of the number combinations. The methods
advocated for the mastery of the number combinations in a
systematic way fall into two general classifications. One of the
systematic methods of teaching the number combinations is based
upon the theory that after children have become acquainted with
them, the single combinations must be repeated over and over
again until they are “learned.” Brownell® classified this type of
learning under the heading of “Drill Theory.” The objectionable
features of the "Drill Theory” whei exclusively relied apon are
too well known to require enumeration,

The sccond method which nas been more recently advocated
and used in certain places is in keeping with what Brownell
termed the "Mceaning Theory.” In practice this method features
the “cultivation of comprehensive general ideas” in the sense
suggested by fJudd.” Those who are in accord with the “Meaning
Theory” have found different ways of applying it to the teaching
of the number combinations. "The differences are mainly in types
of “comprehensive genaal wdeas™ or generalizations children are
led to nilize. A discussion of representative plans follows.

Genceralivation in teaching number combinations. The gen-
cralization which has been most widely employed in teaching the
number combinations is that numbers may be analyzed and
synthesized with the aid of tens. Wheat,® Badanes,® Morton,®
and others have advocated the teaching of additions whose sums
are larger than ten by teaching children to rearrange two numbers
into a ten and so many more; for example, 8 4+5 may be found
by thinking 8+ 2 =10 and 3 more makes 13. Thus thirtysix com-

8 W. A, Brownell, "Psychorngiaal Considerations in the Learning and Teaching
of Avithmetic” The Teaching of Drithmetic, Chan. I, Tenth Yearbook of the
National Coundil of "Teachers of Muthemeaties, 1935,

7 Chanles Ho Judd, Education as Cuitivation of the Higher Mental Processes.
‘The Maomillan Compans, New York. 1936.

8 H. G, Wheat, Psychology and Teaching of Arithmetic. D. C. Heath and Com-
pany, Boston. 1937,

® Juiie E. Badunes and Saul Badanes, A4 Child’s Number Primer, The Macmillan
Company, New York, 1929,

R Lo Mowton, Tearhing Arithmetic in the Elementary School, I, Primary
Grades. Sither Burdett Company, New York, 1937,
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binations may all be linked up with one generalization, namely,
any two numbers the sum of which is greater than 10 may be
regrouped as a 10 and so many more. Wheat would apply the
method of tens to the learning of the subtraction, multiplication,
and division combinations to which the ten's generalization will
apply. For example, the child may obtain the product of 6 x4 by
grouping four 6's to make two 10's and 1. "This represents a point
of view which utilizes a single generalization very extensively.

In the teaching of the addition combinations other writers advo-
cate a plan of grouping and regrouping the single numbers from 2
through 18 for the purpose of building generalizations about each
number. For example, 11 would, according to this plan, be
regrouped as 1041, 942, 8+3, 7+4, 6+3, and their reverses.
Although in contrast with the idea of employing the ten's prin-
ciple, the plan of analyzing and synthesizing each number seems
to represent a somewhat restricted use of “comprehensive general
ideas.” Analyzing and synthesizing ave valuable in that pupils learn
about groupings of numbers with which they will deal later.

Another method to which approval has been given is that of
teaching related addition and subtraction and correspoading
multiplication and division combinations at the same time. Thus
543,345, 8-3and 8—=5, as well as 1x2, 2x 4, 82 and 84,
would be centered around the study of the number 8. The rela-
tionships thus established are of great value.

Thus far the generalizations which have been given considera-
tion include those which

(I) Utilize tens for purposes of analyzing and synthesizing
nu nbers.

(2) Indicate relationships ammong the combinations into which
single numbers mayv be analyzed.

(3) Are based upon an awareness of mterrelationships between
the processes of arithmetic.

There is little cxperimental evidence which indicates the
superiority of use of one type of generalization over another. In
a study by Thicle an effort was made to teach the addition

11 C. L. ‘Thiele, Caontribution of Genervalization to the Learning of the Addition
Facts. Contributions to Educittion, No. 763, Buicau of Publications, “I'eachers Col-
tege, Columbia University, New York, 1938.
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combinations alone according to a plan which aimed to give
children experiences with many addition gencralizations. For
example, in this study children were directed in their discovery
of generalizations with regard to the following:

(1) Adding 1, 2, and 0 to any number within the comprehension
of the children,

(2) Combinations related to the same number.

(8) The reversals of combinations.

(4) The relationships existing among the doubles of numbers.

() The relationship of certain combinations to the doubles, i.e.,
8+7to 8+8.

(6) The relationship of 10 to the teen numbers.

(7) Making tens and so many more.

An organization of the addition combinations was used in this
study which directed the pupils in the discovery of useful generali-
zations. Pupils in turn dealt with situations in which there was
a need for adding I, adding 2, adding 0, like numbers, numbers
almost alike (3+4, 4+3, 145, 544, etc.), adding to 10, adding to
9, adding pairs of numbers the sums of which are greater than
10 or less than 10.

The generalizations were not formulated for the pupils but in
their own words they indicated such discoveries as—

“When you add 1 to any number the answer is the next higher
number.”

“You go up two numbers or skip a number when you add 2.”

“The number is the same when you add 0.

“You can turn any combination around.”

As the consideration of the addition combinations proceeded,
ho attempt was made to cause the children to use specific generali-
ations. ‘The aim of the teacheis was to promote the thinking of

swers, i.e., seeing relationships rather than counting or guessing.

1e combination 8+ 6 was met late in the course. Children left
their own resources suggested several ways of obtaining
.-e sum. For example, they said, “8 +6=1¢ because 6+6=12
and 1242=14," "“848=16 and 16—-2:==14" "8 -2=10 and
10+4=14," and “8+6 is the same as 7+7."

Attention should be called to the fact that the teaching pro-

cedure was planned in such a way that \he pupils first made
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records of activities which involved social experiences. They
manipulated concrete materials as a means of obtaining sumns
until they were able, under the divection of the teachers, to
discover useful generalizations by mecans of which the sums could
be obtained directly.

It should also be pointed out that the pupils were required to
carry their practice with the combinations to the point that they
could give answers readily. Timed tests were employad for pur-
poses of increasing the speed of response to the combinations.
The remedial work differed from that usually employed in class-
rooms in that restudy was never on a single combination but for
the purpose of recalling a useful generalization and reviewing it.

The results of the study described were in keeping with a
previous study by McConnell.** The children who dealt with
interrelationships within the number system in their study of
the addition combinations surpassed children who studied the
combinations by a method of repetitive drill in which no atten:
tion was paid to interrc tionships.

The issue at present is not whether the use of certain inter-
relationships produces better results than the use of other rela-
tionships. ‘The issue is whether schools should continue to neglect
relationships or utilize them in their teaching cf arithmetic. The
evidence seems to be in favor of the latter.

Interrelationships among subtraction, multiplication, and divi-
sion combinations. Space does not permit a detailed discussion
of the teaching of the subtraction, multiplication, and division
combinations. At an earlier point subtraction generalizations
were described. They included the ideas that certain addition
combinations are related to certain subtraction combinations,
and that certain numbers can be analyzed into tens and so many
more. Illustrations were given of interrelationships between mul-
tiplication and division combinations and between all types of
combinations into which certain numbers could be analyzed.
Among the combinations of each process there are other inter-
relationships which may be brought into a program of teaching,

Subtraction interrelationships. The records of subtraction

127, R, McConnell, Discormy vs. Juthoritative Identification in the Leaming
of Children, Univensity of Towa Studies in Education, Vol. IX, No. 5, September 15,
[ast,
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situations may also be utilized for the purpose of stimulating
children to discover interrelationships between the minuend and
difference when the numbers subtracted are either 1, 2, 0, a
number equal to, one less than, or one-half of the size of the
minuend. Reference has already been made to interrelationships
between minuends larger than 10 and differences less than 10
which involve the ten’s idea. In the use of these interrelationships
the difference between two numbers such as 15 and 8 could be
found either by first subtracting 5 and then the remaining 3 from
10, or by thinking 8 and what makes 15 in the form of 8+2=10,
10+ 5=15, therefore 15-8=7.

The reader is again admonished not to infer that children who
“think” answers in the initial stages of learning subtraction com-
binations, guided by the perception of interrelationships, must
of necessity continue to do so. s in the case of learning the
addition combinations, application and practice may be intro-
duced and so directed that automatic response is achieved. The
process is a long one requiring judgment on the part of the
teacher regarding the progress of children, as well as purpose on
the part of children to master subtraction combinations. It is
conceivable that some time in the future children will be allowed
two or three vears rather than a scinester or two for the mastery
of number combinations. The process of learning, according to
this conception, is one of progression from relatively crude but
meaningful procedures to a final stage at which a pupil is able
to give the answers both readily and accurately.

Generalizations among multiplication facts. Although the
multiplication combinations have been taught for many years in
the form of “tables”™ or families, little recognition has been given
to the possibility of utilizing the relationships which are inherent
in cach so-called “table™ among the “tables.” It has been common
practice to introduce sets of mubtiplication facts by demonstrating
the repetition of cqual units. However, this type of insiruction
has been and is followed in most schoolrooms by repetitive drill
on the tables. In general little time or effort is used to cause
children to build up their own “tables” and from examination
of each “table” to note useful generalizations about them.

In the teaching of the multiplication combinations which are




56 Sixteenth Yearbook

necessary for ordinary purposes, two objectives stand out. First,
the concept of multiplicaiion as a quick way of grouping equal
units must be sensed. Second, the separate combinations must
in time be habituated for the sake of efficiency and economy for
later computation with numbers. It is in the perception of the
multiplication concept that social usage plays a part. However,
as is pointed out in the chapter dealing with materials and devices
for teaching, concreteness of uxperience is an important charac-
teristic of learning situations in which new concepts are formed.
Thus the multiplication concept seems to grow out of situations
in which equal groups of concrete objects are placed together.
The school aids children in making symbolic records ur these
regroupings so that they in turn may make symbolic records when
situations are described or imagined. The extent to which the
regrouping of objects is carried on for real or simnulated purposes
is determined by the point of view held toward teaching in
general. The strengths and weaknesses of various programs of
education are brie'ly discussed in the chapter on curriculum
problems by Sueltz. Regardless of the point of reference, it is
commonly agreed that children should know certain multiplica-
tion combinations.

The proposal is made that by focusing the attention of children
in their earliest multiplication experiences on the soci+! situation
in which units of ten are involved, children may be od to per-
ceive certain principles inherent in all “tables” or sets of related
multiplication combinations. For example, there is a sequence
of products from decade to decade which most children quickly
sense in the table of 10's. The sequence may be foliowed in a
descending, as well as in an ascending, order. It may begin with
any combination and move in either direction, ie., from 50 we
may go to 10 which is 10 less, or to 60 which is 10 more than 50.
Fach combination has a reverse. Fach product has a certain
ending: in the table of 10%s it is 0. The relationships between
products is the same as between multipliers, i.e., the product of
8x 10 is twice as large as that of 4 x10. Each of these interrela-
tionships or characteristics may, by direction on the part of the
teacher, be brought out in the study of the table of 10s.

It the teaching of the table of 10's is approached from the point
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of view of having children think rather than memorize by a rote
method, some time will be spent in examining the table. Under
the guidance of the teacher, deductions such as those listed above
may be made by children. The newly discovered interrelation-
ships may in turn be used in other situations in which a knowl-
edge of the table of 10's is required. They will serve to help
children think prodicts it they cannot recall them readily. These
are not rules which children learn and apply in specific situations
but rather interrclationships or generalizations which individual
children select as a result of their experiences.

Although a high order of difficulty is ascribed to the table
of 9's when taught by rote drill methods, the combinations of
this table become comparatively casy to learn when taught mean-
ingfully. After children have built up the table of 9's, they may
be led to discover the descending order of the one's digits and
the ascending order of the ten's digits in 9, 18, 27, 36, 15, 51, 63,
72, 81, 90. In building up the table by successively adding 9,
they utilize the idea that the suin iy one less than it would be
if 10 were added. Children may be led to observe that the sum
of the digits of each product is 9: thus 936 cannot be 56. Also
the products of 9 and even numbers are even numbers, The first
two or three combinations are readily recalled as reverses of easy
combinidons. Forty-five and 90 serve as reference points when
near-by combinations must he “thought out.” In fact, the table
of 9's contains so many in crelationships that it may casily be
vested with meaning.

The inference should not be made that it should be the purpose
of the teacher to teach a set of generalizations in a formal manner.
The purpose should rather be to guide children in the discovery
of numerous inicirelationships from mmong which individual
children may select those which will best help them think answers
in the initial stages of learning multiplication tables,

The kind of ability which should result from the type of
instruction described above is well illustrated in the account of
the boy to whom Gladys Risden rvefers in Prosresive Education,
Februavy, 1940, The ardele is entitled, “What Price Mechani-
zation?” ‘The bov could not memorize the tables of 8 and 9.
In an out-of-school situation he found the products with case.
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When asked how he found that eight 8's are 64, he replied:

“I thought that out two ways. T'wo eights ave sixteen, lour eights
would be two sixteens, and that would be twenty and twelve, and
cight eights would be two thirty-twos, and that would be sixty-four,
and a quicker way would be just eight less than seventy-two, and
ten less would be sixty-two, so cight les~ would be sixty-four.”

There are those who object to teaching which permits such
thinking because they fear these roundubout methods will inter-
fere with memorization. There is no evidence to support this
contention.

Interrelationships in the processes of arithmetic. As children
grow older, situations arise for which more than a knowledge of
the simple number combinations of addition, subtraction, multi.
plication, and division is required. The characteristics of our
number system which may well serve to unlock the mysteries of
the processes of arithmetic for children are the folloving: the
significance of ten as a base or as a standard group; the function
of zero as a place holder; the principle of position or place value
and the principle that groups—tens, hundreds, thousands, etc.—
may be treated just as ones or units are treated. The importance
of each of these concepts and how they may serve to give con-
tinuity to the study of the reading and writing of aumbers, and
to the study of the facts and the processes, will be discussecl.

Number concepts and work in reading and writing numbers
may emphasize basic characteristics of the number system. From
the earliest work with numbers, the pupils’ attention is focused
upon the idea of groups. Pupils first become familiar with groups
of things ranging from a single thing to a group containing many
things. Pupils discover that a group of a giveu size may .be rear-
ranged in several different ways. For example, 8 may be grouped
as 8 ones, or it may be separated into gronps of 741, 6-+2, 5+ 3.
444 3+ 342, or as four 2's, etc. This early work really includes
the development of certain easy addition combinations. Frony
it many of the addition combinations may be learned.

When the numbers from 10 through 19 are first met for
purposes of systematic teaching, regardless of the program of
instruction in vogue, the special significance of the ten group
both in writing and thinking these numbcrs may svell be em-



E

Arithmetic in General Education 59

phasized. When groups containing from 13 through 19 objects
are counted, pupils may be directed to listen for familiar names
in the numbers they are saying. To exaggerate this similarity
the numbers may sometimes be called three-teen, four-teen, five-
teen, six-teen, etc. Pupils soon sense the fact that the name of
‘the ten group. changed slightly to say “teen,” is heard in each
of the numbers from 13 through 19, and that the other part of
cach word contains one of the familiar words three, four, five,
six, etc.

Groups of objects such as tickets, jackstraws, books, or what-
cver objects are a part of situations under consideration, may
next be consciously built up by starting in each case with a
group of ten and adding the numt.sv of ones which is heard in
the number name—18 is a 10 group and 8 ones. In everyday
life such grouping is commonplace and therefore should find a
place in the dassroom even if it were not helpful in arithmetic
training. Fven though “eleven™ and “twelve” do not seem to
contain the words “one™ and “two,” it may be shown concretely
that 11 equals a 10 group and 1, and ti:at 12 equals a 10 group
and 2. Thus advantage may be taken of natural experiences to
lead children to make useful deductions about our number system
which many of them would not ordinarily perceive. That this is
the function of the school is taken for grantea.

It is particularly important that those children who have
learned oral rote counting before entering school be given many
opportunities to develop an appreciation and understanding; of
numbers through a study of number uses and number relation-
ships.

Equally as great importance attaches to 10 when pupils are
first taught to write the numbers from 10 through 19. To write
10, pupils may note hat we use two separate symbols—one of
which looks exactly like the symbol used to stand for a single
object. Likewise to write the numbers from 11 through 19 we
use the same svmbols used before but in a certain definite arrange-
ment. Since pupils have bailt the numbers concretely to 10 by
combining a group of ten with a certain number of ones, they
may be guided to see that in writing these numbers the figure
1 in the ten’s place means 1 ten group.
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When the numbers 20 through 29 representing groups of
familiar objects are analyzed and written, it becomes evident that
here we use 2 ten's groups in combination with one or more units.
As work in building numbers to 99 is continued, the teacher
who is alert to the possibiiities may continue to cmphasize the
importance of the ever-present ten's group. Children who have
had no instruction have been obscrved in the act of grouping
playthings in trains and piles of 10 and so many more.

A device sometimes used when objects grouped in tens are
counted is to have pupils say two-ty, three-ty, four-y, five-ty, etc.,
to make very evident that these numbers really mean two-tens,
three-tens, fourtens, ete. It will be observed that in the con-
sideration of numbers from 1 to 19, the order is objects—language
—symbols, while from 20 to 99 the order is symbol-—language—
objects. Thus the ideas all cooperate; only the emphasis shifts.

While children deal concretely with the numbers to 100, a
systematic number chart may be built like the one shown below.
The teacher places it on the board and cach pupil places a similar
chart in the back of his notebook. Again the school is helping
to organize learning which might otherwise remain unorganized.
The point at which caildren are ready for this is a matter of
grade placement.

21 31 4

51
12 22 52 42 59
5

-

Je

13 9% 33 43

!

3 53
i1 24 & 41 5
5 15 25 35 45 55
616 26 36 46 36
[ WY A VA A ¥
8 I8 28 38 48 58
9 19 29 39 49 39
10 20 30 40 50 60 ...100

As pupils are learning to use numbers to 100 in their thinking
and writing, and after a number ¢'..rt has been assembled, they
may be guided to make some generalizations regarding the im-
portance ot the place in which a number symbol is written and
regarding the function of zero as a place holder. The path of
learning is and should be from experiences with concrete objects
to number symbols by which experiences may be represented.
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To focus attention upon the concept of place value, the pupiis
may be asked to show on the nummber chart all the numbers for
which it was necessary to write the symbol -1, Pupils will note
that the symbol 1 occurs in 4, 11, 21, 31, etc.. through 94, and
in all of the numbers from 10 through 9. The two different
values indicated by t may be illustrated through the use of con-
crete materials. For example, if a situation involving tickets is
the point of departure, f single tickets may be used to show the
meaning of ‘t when it is written alone or when it is written to
the right of one other symbol. Four bundles of tickets, containing
10 tickets cach, may be used to show the meaning of 4 when it
is written to the left of one other mumber or at the left of a zero.
Further study will reveal to pupils that the same thing is true of
7, or 5, or anv of the other 9 symbols. T'his carly study of place
value will lead pupils to realize the difference in value between
numbers such as 17 and 71, between 38 and 83, etc. Greater
discrimination in writing numbers in columns for addition will
also be developed. Fxercises in writing and comparing numbers
will help pupils to develop the ability to use the terms “one’s
column™ and “ten’s column™ or “one'’s place™ and “‘ten’s place”
with understanding,

To focus upon the use of zero as a place holder, attention
may be directed to the numbers 90, 80, 70, and to the fact that
they mean 9 tens, 8 tens. 7 tens, and not 9, 8, or 7 ones. Reference
at this point may be made to the concrete objects grouped into
tens. It may also be pointed out that when we write 91, 82, or
73, we have numbers which ave made up of both tens and ones,
so we write a number in both places. However, if we meant 9
tens, but wrote simply a 9, it would look as though we meant
9 ones, so we need something to write with 9 to show that it
means 9 tens. This “something” we write is a 7zero. ‘Thus zero is
r. 11y used to indicate an absence of ones when a number is made
up only of tens.

Dealing with numbers to 100 by the method suggested above
may develop a consciousness of the special significance of the ten
group. The necessity for thinking carcfully about the relative
positions in which the nine numerals are written when they are
used to express numbers greater than 9 may also be appreciated
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as well as a tendency to regard zero as a symbol which helps the
numbers from 1 through 9 to indicate that groups and not ones
are meant. In short, such activities as these should disclose the
rhythm of our number system.

In the next stage of developing number meanings from 100
to 1,000 these characteristics repeat themselves, They lead to a
still fuller insight into the number system. When pupils assemble
ten groups of ten each, they find that they are not named ten-ty,
as might be expected, but are called by a distinct new name of
“one hundred.” When 10 tens are written, a third place becomes
necessary, which is called the hundred place. Thus, 10 tens are
grouped together to form a new standard group to help us in
understanding all numbers larger than 99. Just as the group
consisting of 10 ones was important as a measure of all numbers
from 1 through 99, we now find that a group consisting of 10 tens
is important as a measure for all numbers from 100 through 999.

As pupils develop a number chart by 1's from 100 through 200,
the need for a zero to keep figures in their correct positions may
again be emphasized. We write 101 which means that we had
enough objects to make 1 group of 100 and 1 object over. How-
ever, to scparate the 1 meaning hundreds ‘from the 1 mecaning
“ones,” we need a symbol, since we cannot write any of the figures
from 1 through 9 in ten's place. A\ zero is therefore written to
keep the ones of 101 in their proper places.

If the work of studying number meanings to 1,000 has been
thoroughly done, many of the pupils will have sensed the rhythm
and order of the system to the point that they will be able to
write the numbers beyond 1,000 with almost no assistance from
the teacher. However, the teacher may need to point out the fact
that 10 hundreds form a new tandard group and is given the
name thousand, and that in the number 1,000 we can always see
10 hundreds or 100 tens. Obviously the extension of number
meaning to 1.000 can only occur when children have dealt with
numbers sufliciently to form concepts of larger nun.oers.

Understanding characteristics of number system gives meaning
to the processes. Just as the idea of grouping in tens or powers
of ten is fundamental to the development of the ability to think
and record numbers, we find that 1t is also a basic idea in com-
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putation by the different processes, which may all be looked upon
as fundamentally rearranging or regrouping procedures.

When the occasion arises requiring the addition of two-place
numbers, pupils may be led to perceive that tens may be combined
just as ones are combined. However, if combining ones provides
enough or more than enough ones for another ten group, then
this new ten group is transferred or carried to the ten's column
and combined with the other ten's groups. It is this explanation
which makes carrving appear as a logical, understandable pro-
cedure in contrast to the purely mechanical device which some
pupils learn of always writing the right-hand digit of a two-place
number in the answer and carrying the left-hand digit. Further-
more, if “carrying situations” are directly related to activities in
which objects are actually manipulated, the process of carrying
is meaningful rather than mechanical.

A few illustrations may be taken from each process, social
settings for the illustrations being omitted.

1

() 48 Combining ones gives 17. This is enough to form another
439 ten. and there will be 7 ones left. Write the 7 in the
g7 once's column in the answer. Combine the new ten group
with the others of its kind and we have 8 tens. Write the 8
in the ten’s column in the answer. At least during the
early learning period it is advisable to indicate the carry-
ing number. It is a definite part of a number record repre-
senting real experiences. Some children are able to com-

plete the work without it.
(2) 728 8+4-4=12 ones. Change to 1 ten 2 oncs. Transfer the
+171 1 ten to the ten's column, Combine tens: 1 4 2 4- 7 =

T Tgpe 10 tens. This is enough to make one larger group of

1 hundred. Combine the hundreds: 14741=09.
When the given groups are combined and regrouped we
have 9 hundreds and 2 ones. The vacant ten's column
must be filled, so a zero is written in ten's place to keep
the ones and hundreds in their proper places.

To deal meaningfully with the subtraction process pupils need
to keep in mind the ten's relationship and to note that again tens
and powers of ten mav be treated just as ones are treated.,

In addition we combine like groups and seck every opportunity
to regroup into a larger group—ones into tens-—tens into hun-
dreds, etc. In subtraction it is often necessary to break up large
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groups into smaller ones. This is precisely what frequently hap-
pens when objective material is manipulated.

@) 15
—8

7

410
#H 0
—38

19

To subtract 8 means that we wish to find out how large
the other group will be if we separate 1 ten 5 ones into
2 groups—one of which contains 8 ones. We may think
8 from 10 leaves 2. These 2 ones with the other 5 ones
make 7 ones, so 15 —8 leaves 7. It is also possible to
think of the 1 ten and 5 ones as 15 ones and subtract
directly.

From 5 groups of 10 or 50 take 3 tens 8 ones. Regroup
the 5 tens as 4 tens and 10 ones. ‘This may be done con-
cretely. From these 10 ones take 8 ones, leaving 2. Only
4 ten groups are left. Take 8 away and 1 will be left.

Several illustrations will serve to indicate how the basic prin-
ciples enumerated for addition and subtraction apply to multipli-

cation and

6y 8B=
X 6
988

26
(6) 6,156
12
36
36

201
(1) 4/816

division.

4 tens 8 ones 6 times 8 ones are 48 ones. Six groups,
X6 each containing 4 tens, make 24 tens.
24 tens 48 ones 48 ones mayv be regrouped as  tens
8 ones. "I'hen we have 24 tens -+ 4 tens,
or 28 tens. 28 tens may be further re-
grouped and written as 2 hundreds

8 tens and 8 ones, or as 288,

Here we have 1 group of 100, 5 groups of 10, and 6 ones.
The numbers may represent tickets in bundles of the
sizes designated. We wish to put the tickets into 6 equal
piles.  We cannot put a 1 hundred bundle in each of
the 6 piles until we break the 1 hundred bundle up into
10 ten groups. Then we have 15 ten groups. This is
enough to put 2 tens in each pile and we use up 12 tens
leaving 3 tens. We may emphasize here that nothing
need be written above the hundred's place, but 2 may
be written over the ten's place of the (Sividcnd since we
had enough tens to divide into 6 piles. Three tens is
the same as 30 oncs. 30 4+ 6 = 36 ones. From 36 ones
we can put 6 ones in cach pile, thus using up 36 ones.

To regroup 8 hundreds, 1 ten, 6 ones, into 4 equal piles,
we can put 2 hundreds and 4 ones in cach pile. A zevo,
however, must be written in the ten's place between the
hundreds and the ones to keep the hundred's digit in
the proper place.

The illustrations thus far have been given to indicate how each
process with whole numbers may be shown to be a part of a
unified system of ideas. Fach phase of a process grows in com-
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plexity but the same general principles apply to all phases. When
pupils grasp the basic idea of grouping in tens or powers of ten,
they should not experience greater difliculty in carrying from tens
to hundreds than in carrying from ones to tens, ‘T'hey also have the
background of understanding for carrying a numbcer other than
one when column addition and multiplication are taught,

The fundamental processes with whole numbers may be
extended meaningfully. In the illustrations which have been
offered, place value relationships have been limited to those
between ones and tens and hundreds. For each illustration it
has been suggested that the introduction of a new process should
be in the form of a record of what transpires when concrete
materials grouped as hundreds, tens, and ones are manipulated
for specific purposes. One may logically ask whether or not this
procedure should be continued when pupils first deal with num-
bers containing thousands. In other words, do children reach a
point at which place value has been ganeralized to the degree
that concrete materials are no longer needed?

In that number meaning plays a vital part in a program of
arithmetic instruction, which is based upon a knowledge of place
value, it would seem that fivst children must form concepts of
larger numbers if they are to operate with them. Thus the prob-
lem of determining when children may discontinue the use of
concrete materials in the learning of new processes raises a double
question.  Specifically it is-—can pupils extend and enlarge the
meanings oi numbers from tens and hundreds to thousands, and
can they manage numbers with thousands after operating with
tens and hundreds without direct reference to concrete objects?
There is no valid answer to this question,

If the descriptions of introductory lessons offered by Wheat
represent his conclusions on the matter, it would secem that he
does not advocate the grouping of concrete objects beyond that
of demonstrating the number of tens in one hundred. In his
discussions he suggests: It should not be necessary to explain
the meaning of every set of svmbols from 20 to 100 or to demon-
strate objectively every idea represented by them. It is assumed
that the pupils, through various demonstrations and activities
previonsly described, have already developed some fairly definite
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notions of the group of ten and of thinking numbers beyond ten
in relation to ten."*

The same opinion is voiced in another statement by Wheat:
"Of necessity, the pupils must rely less and less upon experiences
with the concrete and depend more and more upon the system of
dealing with tens just like units.”'* Wheat, then, would extend
the processes of addition, subtraction, multiplication, and division
to larger numbers by helping children realize that the method
of dealing with tens and ones applies also to larger units. Others
who have attempted to apply this meaningful approach to the
computational phase of arithmetic as it relates to whole numbers
agree with this viewpoint.

Whether all pupils are able to transfer the principles learned
objectively about ones and tens to larger units is an open question.
It is conceivable that many children of the ages at which larger
numbers are first introduced may find it difficult to make the
necessary transfers of ideas. For example, it may be necessary to
employ objective materials for the purpose of leading pupils
who have dealt with numbers through 100 meaningfully to per-
ceive that 1,000 is not only 10 hundreds, 100 tens, but also
1,000 ones. The problem of transfer becomes even more serious
when children find it necessary to learn how to operate with
multipliers and divisors of two or more places.

Place value in long multiplication. In a simple problem such
as 21 x 48 the multipliers 't and 2 have the values of 4 ones and
2 tens. In muliiplying by tens, is it sufficient for pupils merely
to think, *“tens are multiplied just as though they weve ones,” or
should an effort be made to have children rationalize the opera-
tion by thinking, “2 tens times 18 are 96 tens, or 960”2 Buswell,
Brownell, and John' advocate the writing of the second partial
product as 960 at urst, thus emphasizing meaning during the
carly learning stages.

In preparation for two-place multiplication, Buswell, Brownell,
and John,'® Wheat,'” and others, have children multiply numbers

18 Wheat, op. cit., p. 250,

i Toid., p. 350.

15 Guy T Buswell, Wo A, Biownell, and Lenote John, Daily Life Arithmelics,
Book One, p. 111, Ginn and Company, Boston. 1938,

1 fhid,, pp. 139-110.

17 Jbid,, pp. 315-316.
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by 1 ten, 2 tens, and the like. Likewise, by also using 1 hundred,
2 hundreds, 3 hundreds, ete., as single number multipliers, mean-
ing may be given to three-place multiplication. Obviously there
is need for rescarch which will indicate the amount of experience
children must have to perceive the place value principles as they
apply to number meaning and to the fundamental processes of
addition, subuaction, multiplication, and division. Unless chil-

" dren understand what they are doing. they perforce must learn

E

mechanically. It should be noted that this approach to the more
advanced forms of multiplication and division probably requires
a mental maturity greater than children may possess when these
topics usually are studied.

The meaningful approach to division by tens. The teaching
of division by tens has long been a stumbling block for many
teachers. Taught mechanically, it necessarily must be diflicult for
most children to learn because it requires a complete control of
many intricate steps. Taught meaningfully, children are able to
guide their thinking and as a consequence many of the confusing
clements are climinated. Taught meaningfully, division by tens
is but an extension of division with one place divisors. This in
itself simphtfies the teaching of long division,

Atan carlier point an explanation of division based upon place
vitlues was presented. The form of the explanation was:

20
6/156 156 objeds e to be placed into 6 cqual piles. 156 contains
12 D group of 100. 5 groups of 10, and 6 ones. There being an

~g  isuthaent number ot hundieds o divide inmo 6 groups,” the
g I hundred must be changed 1o tens, etc.

There would be very litde difference between the explanation
of this problem and a division problem such as 207180, The two
place divisor presents livtle that is new if the multiplication and
division tubles have been extended to include the tens numbers.
Viewed as division by 2 tens the proLlem mighe be that of putting
I8 tens into piles with 2 tens in cach pile. This brings into play
the multiplication combination 9x 2 rens or 920, Very littlz
difliculty is experienced in leading children to extend the multi-
plication combinations to include combinations such as 9 x 20,
8 x40, 7x60,5x 50, 20 29, 40x 8, 60 x 7, 50 x5, etc., which are
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very useful in long division. They find use for these combinations
in solving such problems as —"If a car which costs $180 is to
be paid for in 20 equal monthly payments, what will be the
amount of each payment:” “How long will it take to drive a
truck 180 miles at an average rate of 20 miles per hour?”—and
the like.

The purpose of the problem 20/180 might also be to divide
S180 between 20 people. Obviously no person can receive any
$10 bills, there being only 18 of them to divide. Hence $1 bills
must be divided. If the problem were to divide $181 among 20
people, they would receive only S1 bills. The remainder 4 offers
no difficulty because it indicates the number of $1 bills remaining
after each of the 20 people had received the largest number
possible. Division with one-place divisors taught meaningfully
may give pupils an understanding of all the elements of the above
problems.

Progress from problems such as the above to one like 21/92

represents an casy step. In this case the purpose may be to find
the number of sheets of paper which might be given to each of
21 children from 9 packages of paper, with 10 sheets in a package,
and 2 extra sheets. It is apparent that each pupil could not be
given a whole package of 10 sheets, necessitating the breaking
of the packages into single sheets. Pupils accustomed to rounding
off numbers can be directed in the solution of this problem to
think 90 divided by 20. If there were 90 sheets for 20 children,
cach could receive 1 sheets at the most. This represents the
beginning of finding trial quotients. It offers an explanation for
use of the ten's figure as a guide in the determination of the
trial quotient. In a mechanical plan of instruction usually no
explanation 1is given.
Again, if 11 packages of paper of ten sheets each are to be divided
among 31 childven, 30 children (the round number of chil-
dreny could receive only 3 sheets each because 1x 30120 and
3 % 30=90. The proof of this problem would be 3 x 21 =102 and
8 more makes 110. This proof is not unlike that of a one-place
divisor problem with a remainder.

The long division studies which have been reported do not
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provide data with which to judge the efficacy of the meaning
method as applied to long division. In particular, finding trial
quotients by the mechanical method requires the application of
certain steps in a definite order. Finding trial quotients by the
meaning method represents the further application of number
ideas which have been acquired over a period of time. Children
very early may learn to round off numbers and to find approxi-
mate answers, Thus finding quotients by first rounding off num-
bers is not something “extra” which adds to the complications
arising in long division problems.

The point in this discussion is that the teaching of any part
of a process of arithmetic by the meaning method cannot be
evaluated on the basis of the description of that part. Meaningful
teaching represents a building-up process in which old ideas work
together in new situations; therefore what often appears to be
complicated and difficult is in reality very simple for the pupils
who possess the proper background of instruction.

The application of place values to decimal fractions. Emphasis
upon the basic principles of the number system throughout the
work with whole numbers will pay dividends in the work with
decimal fractions. Since pupils already realize that each numeral
indicates the <1z¢ of a group by its position and indicates also the
number of sach groups, they will be able to apply these basic
ideas to a study of decimal fractions.

In the number 111 the first I on the left = 100, the next 1 to
the right = 10, and the | on the extreme right means 1 unit.
Thus 10 is 1/10 of 100. and 1 is 1710 of 10. When we wish to
represent 1/10 of 1 unit, we can do it by using some sign to
designate the end of the whole number series, such as a dot which
also ends a sentence, and then write a 1 after the dot. Thus we
have 111.1, and we call our dot a decimal point.

If we continuc our series to the right of the decimal point we
see that we can represent 1 710 of 1/10 or 17100 and so on. Many
teachers center these experiences in monev values. In every scc-
tion of the country children are familiar with dimes and pennies.
There arc certain areas in which mill tokens are in circulation,
and there are speed and distance meters on cars.

Computations with decimal fractions are made possible because
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of the extension of the same basic principles of the number system
as were developed with whole numbers. Tenths, hundredths,
thousandths, etc., may be treated just as units are treated if 10
tenths are regrouped as 1 whole; 10 hundredths as 1.10; 10 thou-
sandths as 1/100, etc.

The topic of decimnal fractions is treated more fully in the next
chapter by Wheat. The only purpoze of bringing it into this
discussion is to indicate briefly how the principles which apply
to whole number meanings and operations provide the foundation
for more advanced work in arithmetic,

Summary. No attempt has bren made to outline in detail a
curriculum for the lower grades. That would involve matters
pertaining to the selection of content, social as well as mathe-
matical, grade placement, and other problems of curriculum
making which are treated elsewhere in this volume. The aim of
the writer has been to indicate how arithmetic in the lower grades,
as it relates to whole numbers, may be taught meaningfully as
a closely related system of idezs. ntimations have been made of
how even the learning of the number combinations mayv be made
meaningful rather than mechanical through the use of compre-
hensive general ideas or generalizations.

In the program presented, place value is the key to all opera-
tions with numbers. The attention of pupils is focused upon
place value when they first deal with numbers larger than ten.
It serves to help them think many of the addition and subtraction
combinations. All operations with numbers larger than ten are
first understood from the point of view of place value. The
degree to which this must be carried before children acquire basic
principles which will enable them to deal with larger number
situations is as yet an unsolved problem.

Special emphasis has been placed upon the need for concrete
material in a meaningful program of arithmetic instruction. This
is in keeping with the idea that children should first make number
records of situations in which objects are manipulated hefore
moving to described or abstract levels. In short. an effort has been
made to indicate the nature of an arithmetic program which may
be termed meaningful.
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THE PROLLEM OF CILASSROOM METHOD

If we wish pupils to grow in their knowledge and understand-
ing of arithmetic as a closely knit system, it is necessary to point
our teaching in that dircction. Observation seems to indicate
that only a small percentage of pupils gain this basis of under-
standing unless teachers aim consciously for it.

Teaching which aims merely to tell or to show a pupil “how”
to proceed step by step in the mastery of a process, or which
merely provides a rule to be memorized and then applied, becomes
purely mechanical. Pupils then have no challenge to reason or
think out "why" dictated procedures and rules work. On the
other hand, pupils who come to understand the reasons for various
steps in a process before they are required to use the process have
the ability to redevelop it for themselves if memory and habit
fail. It is contended further that a type of practice which includes
practice in thinking and practice in sceing relationships becomes
a definite aid in the mastery of facts or in the perfecting of the
steps in a process. '

In a program of arithmetic teaching which emphasizes relation-
ships and aims to show how certain fundamental ideas bind all
the simple processes and extensions of processes into a consistent
whole, pupils are encouraged to develop resourcefulness in their
attack upon new processes. If given the opportunity, pupils will
often be able to discover for themselves the next step in a process.
However, if the teaching has been purcly mechanical with no
attempt to study the characteristics of the number system or to
emphasize general modes of attack, it is not likely that pupils
will develop this resourcefulness.

The foregoing statements in a sense deal with principles of
method. If the principles which have been enunciated are ob-
served in the classroom, the means which are employed to provide
children with learning expericnces necessarily must possess certain
characteristics. The principles to which reference is made were
given at the outset in this discussion. They are repeated here for
purposes of reference.

(1) Children should become acquainted with numbers and use
them cxtensively as records of quantitative experiences.
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(2) Successful and efficient extension of number usage from
the early experiences of making number records of quantitative
situations can be facilitated by insight into the nature of the
number system.

‘Translated into classroom procedure, the learning of something
new in arithmetic will begin with a problem involving concrete
objects. Children will either manipulate objects themselves as a
means of solving the problem or observe manipulations made
by another. Symbolic number records will be 1rade of their
observations or of the manipulatory activities.

In accordance with the second principle, the experiences of
observation, manipulation, and recording will culminate with
the making of deductions or the discovery of generalizations
which represent insight into the nature of the number system.
For example, the pupil who makes deductions about carrying,
in two-place addition, which will enable him to carry in other
examples, has gained further insight into the nature of the num-
ber system. A very important goal of meaningful teaching, then,
is that of guiding children in their discovery of useful generaliza-
tions inherent in the number system.

Usually some direction or tuition is required from the teacher
to carry children to the point of applying new generalizations
successfully. For the sake of brevity the course of events from
initial experience to final generalization and application ave
placed in a step sequence. Briefly the steps suggested are:

(I) Experiences of a quantitative nature with concrete objects.
(2) Making number records of the quantitative experiences,
(3) Analysis of number records.

(1) Moving from concrete manipulation as a source of number
records to a level of description, thus providing p actice and
application.

(5) Working on the abstract level,

(6) Further extension and application into social uses.

This sequence may be followed in the teaching of any new idea
or topic of arithmetic, whether it be number meaning, factual
learning, or a process of arithinetic. In the chapter by Sauble
the use of concrete materials in the teaching process is described



E

Arithmetic in General Education 73

in detail. Thercfore only brief descriptions of teaching pro-
cedures which employ the sequence listed above will be offered
at this point.

How addition doubles may be introduced. It is expected that
the setting for all new learning will be in some situation of
social, economic, or cultural significance. Whether the situation
should be a part of a larger activity or a situation proposed by
the teacher or the textbook involves matters beyond the scope of
this chapter. For purposes of arithmetic instruction it is im-
portant that new learning should have its roots in experiences of
social significance.

Usually the addition deubles taught in the early grades include

1 2 3 3 5 6 7 8 9
+1 +2 +3 +4 +5H +6 7 4+8 +9
Ty g T8 w0 12 i 160 18

In a meangingful program the goal is not to teach a certain num-
ber of specific combinations but rather to lead children to acquire
generalizazions which will enable them to think answers fer many
related cembinations. Thus - the teaching of the doubles the
goal may be to iead children to discover some interrelationship
among the addition doubl ~ which will make them more mean-
ingful, as, for example, a doubie succeeding any given double
combination is 2 more. and the one preceding is 2 less than the
sum of the given double.

Experience setting. '['he problem at hand may be that of buy-
ing two articles each costing the same amount. How realistic it
will be to a group of children will depend upon the ingenuity of
the teacher. Obviously the experiences of the children will be
made significant to them if articles are properly labeled as to
price and coins with which to make paviments are at hand. There
are some children who have profited educationally from experi-
ences in making purchases to the extent that they can begin with
deseribed situations.  Account of ditferences in experience must
be taken by cach individual teacher.

In the teaching of the addition doubles there is value in cor:
sidering the doubles in order. The purchases may begin with a
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purchase involving 2 +2. Coins may be laid out for each article
and the total found by counting if necessary. ‘The purchase then
2¢
should be recorded as -+ 2¢
e
Making purchases and laving out coins may be continued, lead-
Jeo d¢ B
ing to the number records: 3¢ 4¢ B¢ ‘These records may
. B¢ 8¢ 10¢
be reviewed in the order of the purchases. Following this the
children may he challenged to make a record for the purchase of
two articles cach costing 6¢ without refeiring 1o the coins as

6¢
a means of obtaining the sum. The child who can write + 6¢
T13¢
Te 3¢ ¢ 10¢ Ie
and continue with 7¢ 8¢ Y¢ 10¢ and 11¢  has made an

Lte  16¢ I8¢ 20¢  22¢ ac
important discovery if he does not already know these combina-
tions. The doors have been unlocked to nany other combina-
tions. Teaching would offer few problems if children discovered
generalizations as readily as indicated in this account.

Tuition is required for children who do not perceive the uni-
fying idea that cach succeeding double is two more than the one
preceding it and two less than the succeeding one. In this instance
it may be necessary to repeat the experiences of laving out coins,
finding sums, and making symbolic 1ecords of cach purchase. It
may even be necessary to ask children to demonstrate a combina-

9

tion such as -+ 2 concretely and then change the conerete vepre-

4
2 3 4 A
sentation of +2 1o show +3 and in turn + § and +5. Further
T e N 10°

divection miy be required to the extent of asking what is done to
cach number to produce the next higher combination. Obviously
the discoveries of some children will be few and will come slowly.
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Nevertheless pupils derive satistaction from making discoveries no
matter how small they may be.

Once a gencralization has been perceived, it may be applied to
described situations, thus providing practice and application. In
this manner a double pu :+ ¢ is served; children are provided
with opportunitics to use a new generalization over and over
again and at the same time the ability to apply new knowledge
in social situations is developed.

Finally a point is reached at which the number combinations
mav be dealt with as abstract numbers. Some children reach this
stage much more quickly than others. However, children who
have had meaningful experiences with numbers during the learn-
ing process do not need to resort to guessing or finger counting
when dealing with abstract combinations, They can think answers.

In the program under discussion there is a place for drill if it is
conceived to be practice in thinking from lower to higher levels.
The chapter by Buckingham deals with the drill phase of arith-
metic. The writer is in accord with his point of view.

Generalizations, like other types of knowledge, are forgotten
and must be rediscovered. Tt has already been suggested that it
matters not whether children apply the particulir generalizations
with which sets of combinations were originally - connected.
Thinking about numbers becomes more important than recalling
spectfic number facts.

In the brief account of teaching the doubles combinations the
following steps appeared in the deseription:

(Iy Concrete objects were manipulated for a definite and worth-
while purpose.

(2) Number records were made of the quantitative experiences.

(3 Provision was made for the discoverv of a useful generaliza-
tion.

(1) Practice and application were provided through described
situations.

(5 Children finally dealt with number combinations on an
abstract level,

Using tens in subtraction. When using tens in subtraction, is
introduced. it is assumed that pupils possess the concept of sub-
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traction as it relates to “‘take-away” comparison and additive types
of situations, that they know the simple subtraction facts, and that
they have a working knowledge of place value. It is also expected
that they can subtract both one-place and two-place numbers from
two-place numbers in subtraction problems which do not require
adjustments between the one's and ten’s places of the minuend.

The procedure for the introduction of using tens in subtraction
may follow the course suggested for the teaching of the doubles of
addition. The need for subtraction with so-called “borrowing”
may be centered in a social situation. Objects may be manipu-
lated and number records made of the activity. Pupils may move
to the making of records of described situations. This may be
followed by further applications and practice on the abstract num-
ber problems.

It is important that the social situation should involve objects
which are usually grouped as tens, hundreds, thousands, ctc. Our
paper currency lends itseif admirably to the purpose at hand.
Other objects such as sheets of paper, counters, tickets, and the
like, may also serve the purposes of the teacher.

Suppose the social situation under consideration or the activity
in which children are engaged required the payment of some such
amount as $38 from $56. Then finding the differcnce between
56 and 38 becomes a problem. From past experiences children
should be able to indicate symbolically the required subtraction
in the form of $56

- 38.

Meaningful teaching would, in this instance. require a supply
of 81 and $10 bills prepared for classroom use. Six S1 and five
$10 bills would be counted out. The problein then becomes one
of removing eight 51 and three $10 bills from those representing
$56. Not having a suflicient number of $1 bills it becomes neces-
sary to change one $10 bill 1o 81 bills. By ingenious methods
children can be led to discover this. The possession of sixteen $l
bills may be indicated by either placing a I in front of the 6 or by
striking out the 6 and placing a 16 above it. Only four $10 bills
remain, necessitating a record of this change, i.e., striking out
the 5 and placing a 1 above it. Children with whom number
meaning has been emphasized will know from previous experi-
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ences that four $10 and sixteen $1 bills is the same as five $10 and

4+ 18
3B 8
8

six S1 bills. The number record now is —3

The completion of the problem is a simple matter. It is, how-
ever, suggested that children should apply their knowledge of the
subtraction in giving the difference between 16 and 8 rather than
obtaining it by counting. Counting is used tor purposes of veri-
fication. Occasionally it becomes necessary for teachers following
this plan of instruction to ask children who do not readily know
that 16—-8=8 how they might think the answer. Replies are
obtained such as: "8 +8=16, therefore 16—8=8"; “16—6=10
and 10-2=8"; and “8+2=10 and 10+6=16," This probably
should not be necessary when this kind of subtraction is eu-
countered.

When the difference of 18 has been found and recorded, it
seems reasonable that the number record should be examined
for the purpose of identifying the specific activities involved in
manipulation of the bills. It is important that children recognize
the 16 as tune number of $1 bills at hand after one $10 bill had
been changed to bills of the "1 denomination, the 4 as the number
of S10 bills remaining after one has been changed, as well as the
18 as the one S10 and eight $1 bills remaining after $38 has been
taken out of the $56.

The teacher must decide how many times children must deal
airectly with the actual bills before he proposes the finding of a
difference without the aid of them. When children are ready for
that step the procedure becomes one of challenging children
to “show with figures what you would do if you actually counted
out the bills.” Computational arithmetic deals with records
of quantitative experiences on the thought level. Individual dif-
ferences among children require a repetition of manipulation,
recording, and analysis in most classrooms.  However, children
who understand the new process may be given the opportuni
of working on the thought level as soon as they are ready to do so.
This is a matter related to teaching technique.

Mention has alrcady been made of the problem of transfer
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from dealing with numbers which represent objects which are
usually grouped as ten., hundreds, thousands, etc., to numbers
which represent objects 1ot conmonly grouped in this manner.
Proper attention to the development of number meaning through-
out the carly grades should carry children to the point where they
will deal with all numbers decimally,

Attention is called to three significant points in the application
of "meaning theory™ of arithmetic instruction to the subtraction
process, Fhist, children do not use the term “borrow,” which is
entirely incorrect. Iistead of “borrowing,” they change a given
number to another torm. In the subtraction of 38 from 56, the
56 1s changed to 40 and 16 by converting one of the tens to ones.
Sccond, no rules are taught. They arve derived by the pupils in the
form of a description of the sequence of events which takes place
when the bills are »aamipulated. Thus whenever rules are formu-
lated, they are in terms of the experiences of individual children.
When subtraction is taught mechanically children frequently bor-
row  because  the subtrahend nnmber is larger  than  the
minuend number of the same place value. Taught meaningtully
they make necessary changes because it would be impossible to
perform the operation coneretely without doing so. Third, the
pupils discover the methods enmiployed in subtracting  from
minuends in which there are fewer ones than found in the subtra-
hend.

Problem solving. In a mecaningful program of arithmetic in-
struction, problem-solving instruction does not assume an inde-
pendent role. Instead it is intimately bound up with the whole
teaciing process. ‘The experiences with concrete settings through
which abilities are developed provide experiences in using num-
ber for purposes of quantitative thinking, Following this, the
apphications of these abitities to situations which are described
rather than “present tosense.” contributes to the development of
problemssolving ability, The recurrence of the need for certain
abilities provides the necessay review.

The importmt factor in this prograin is that of experience.
It many classe oms children obtain correct answers by recalling
a tool which has beent previously conmected with other problems.
Usually kev words i the problens sngaest the cue for its solution.
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However, if numbers serve at all times as records of what actually
would transpire if the activities suggested by the described prob-
letn were performed, problem solving requires a background of
experfence. For oxample, children may mechanically find the
average number of miles per hour, the speed of travel, by having
learned the rule that the number of miles raveled is divided by
the number of hows of travel. Placed upon a meaningful basis
children must. among other things, appreciate what it means to
travel a certain number of miles per hour, and that traveling at
that rate for several consecutive hours adds a given number of
miles per hour. It would seem that dramatization, verbal descrip
tion, and illnstration should plav a larger part o the develop:
ment of problem-solving ability than has been true in the past.
In the chapter by Sauble the use of materials and devices for the
purpose of providing experiences is discussed.

CONCLUSION

It has not been the purpose of the writer to present i this chap-
ter an instructional program for the lower grades but rather to
present a point of view. Hlustrations have been offered to indicate
how generalizations mav be feamved in the teaching of number
meaning. number combinations, and operations with numbers. In
short, an effort has been made to place before the reader the
writer's conception of a progrmm of arithmetie instruction tor
which McConnell has given the psvchological principles. Several
programs embodving these principles have been developed and
are now in operation. Further experience with them coupled
with much needed research will bring abont manv refinements.
[t scems safe to assert that in these programs manv changes in
grade placement will be made down s well as upo a larger
supply of concrete materials than is now louwd in maost class-
rooms will be used. new measures ol arithmetical Tearing will
have to be developed. new problems of individual differences will
be raised, changes will bhe made in the methods of teaching, and
above all there will be a need for a new tvpe of teacher training,
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Chapter V

A THEORY OF INSTRUCTION
FOR THE MIDDLE GRADES

BY HARRY G. WHEAT
WEST VIRGINIA UNIVERSITY

-+« Your teaching of arithmetic . . . may merely train your class in a number
of processes which will let them pass an examination at the end of the term. That
is “useful” It may also help them manage their savings accounts better or get a
Job on graduation. That is useful too—and this time without quotation marks.
But if you can develop in them an understanding of number relations, if you can
teach them to visualize distances and quantities, to appreciate imaginatively the
meaning of “ten million” or of “‘one-thousandth of an inch,” then you are training
them culturally: they will forever after be more sensitive, more appreciative, more
undentunding, even though they may do no better on a formal examination.
(From Hewry W, Simon, “Preface to ‘Teaching,” p. 34. Oxford University Press,
New York, 1938.)

ARIT!I.\!ETIC is a system of ideas. It is not a collection of objects.
It is not a set of signs. It is not a series of physical activities.
Arithmetic is a system of ideas. Being ideas, arithmetic exists
and grows only in the mind. It does not flourish in the world of
things. It does not arise out of sensory impressions. It has noth-
ing to do with the amount of chalk dust forty pupils can raise in
a schoolroom in thirty minutes, Arithmetic exists and grows
only in the mind. Being a system, arithmetic must be taught as a
system. It is not an outgrowth of the individual's everyday ex
periences. It is not learned according as the interests or the whims
of pupils may suggest. It is not anyone's personal discovery or
invention. Arithmetic must be taught as a system.!

Arithmetic, as a responsibility of the school. seems thus to create
a kind of paradoxical learning and teaching situation, to furnish
two opposing sets of demands. On the one hand, arithmetic can-
not b nposed upon the pupil, but must be developed by his own

!t In this chapter, arithmetic is considered as a svstem to be acquired by a study
of number relationships, Diffetent points of view with 1espect to wass in which

retationships mav be vwed e devdoped in chaprers by Bincckner, Sauble, 1hiele,
and others.—(Editorial Board)

8o
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individual responses and reactions. On the other hand, arith:
metic cannot be left to individua! caprice, but must be made
the subject of explicit instruction. Putting the two apparently
opposing scts of demands together, we seem to avoid our para-
dox. Thus the pupil learns arvithmetic only as he builds up
meanings for himself, and thus he learns arithmetic only as he
builds up meanings that are consistent with the number system
which society through its school impresses upon him. In other
words, the pupil must be an active learner, but he must be
taught: he must be subjected to instruction, but the instruction
must be individualized.

The thesis which it is the purpose of this chapter to present
is that the demands of the number system on the one hand
and the interests and experiences of the individual pupil on
the other are not necessarily incompatible. The learning and
teaching paradox, to which reference has been made, will be pre-
sented in a few typical settings, or in a few of its typical forms;
and ctfort will be made to shiow how the apparently conflicting
demands of the paradox may be resolved into a more or less
consistent basic theory of instruction.  Special reference will
be made. wherever possible, to the work of the middle grades;
but, for the sake of clearness, and because deficiencies in earlier
instruction frequently exist and need to be made up, illustration
and application will necessarily be made to reach down at cer-
tain points into the carlier grades. The discussions will develop
the following main topics: 1. 'The Number System versus Pupil
Iixperiences: I1. The Continuity of the Course in Arithmetic:
IT1. The Continnity of Ideas in Fractions; IV, Individualization
of Instruction: and V. "Teaching Methods of Thinking.

[. THE NUMBER SYSTEM VERSUS PUPIL, EXPERIENCES

The number system and individual learning. At everv point
in his administiation of the program in arithmetic the teacher
is confronted by the contrast between what number thinking has
~ome to be as a hichly perfected science and the haphazard and
unsequential methods by which v is frequently learned in the
school. On the one hand. number as a science is systematic and
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consistent; on the other hand, number as a practical art is often
a series of unrelated, mechanized, and rule-of-thumb procedures.
The individual pupil is nsually found o be far from any very
complete acquisition ot the nmunber system which the race
through lonyg ages of trial has brought to its present stage of
perfection,

The teacher tends to react to the contrast in one. sometimes
both, of two wass. Pethaps the more conmon reaction is to
neglect the number system and concentrate upon the individual
pupil. The teacher notes the wide gap between the complete-
ness of the number ssstem and the highly incomplete accom-
plishment of the pupil and. with apparent logic, is impressed
witlt the enomous dithcudes, it not impossibility, of successfully
closing the gap. He tnns away from any thought or sug-
gestion of bringing the number thinking of the pupil iuto con-
formity with the number svstem. and chooses instead to select
from the number system those items which scem t conform to
the pupily to his interests, experiences, and needs, or to what the
teacher decnis *hiey are or ought to be. We shall consider pres-
ently the consciquences of such reaction.

On the other hand, the teacher may give thought to the num-
ber system and how it has come to be. He notes how the svs-
tem has comre out of racial experience, and he is impressed, either
through his own thinking or through the force of traditional
practices in the schools, with the final success of the experiential
learning of the tace. He draws a parallel between racial develop-
ment and a possible individual development of the pupil which
he perhaps can foster.

It is casy thus to imagine a parallel between racial develop-
ment and individual development, and to set up an argument
that the conditions and situations that were instrimental in
furthering racial progress should be duplicated in order to pro-
vide the motives and the settings for the progress of the indi-
vidual.  Indeed. it is always diflicult for the present to break
away from the influences of the past and to make adjustments to
present conditions, But the attempt to duplicate the situations -
that confronted carlier societies in order to furnish the motives
for learning in present sodiety is o distortion both of modern
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situations and of the conception of the true motives for learn-
ing. ‘Though the pupil must learn the number system the race
has evolved: at least something of the svstem, the conditions that
surrountd him are radically ditferent. He has to fearn in a short
time what it took the race a long time to develop. He should
be steered clear of the mistakes the rvace has made. He should
not be allowed the long periods of experimentation with inade-
quate methads of thinking that the race through accident had
to expericnce. He is surtounded from bivth by a pertected num-
ber system in daily use by the older generation, and throughout
his formative years, it not his whole litetme, he may profit
through such expevience: whereas the tace enjoved no such ad-
vintage because 1t was at all points conbonted with the task
of creating a number svstem and bringing 1t to perfection,

The only item in the paallel iy the mmber svstem dtself,
Throush blind tials extending over long centunies the race has
succeeded Increating and deseloping o mmmber svstem: i is this
sinne nuber system that the pupil should recreate and redevelop
ander the svstematic guidance of the school. "The vace lacked
guidance and comequently tell into many difliculties: the efforts
of the pupil may be guided in the direction of the successful
methods of attack that the race through trial and much ervor
tinally cinme to adopt.

The problem approach. Hurking back o racial experience
is the present-day theory that new topics, new procedures, and
new lessons of any sort should be approached by way of a
problem which is made to contront the pupil. In racial experi-
crnee every munber situation posed a0 problem and was a situa-
tionn in which doubt was imvolved. Tow to detenmine the size
of a group was once a problem, becanse then carly peoples knew
little about counting. How 1o divide a Luge group into simaller
equal groups was once a problem. because then carly peoples
Kuew no svstematic and  certain method of division. They at-
tacked their problems, to bhe sures and anived at solutions,
Even then, the problems remained, because the solutions gained
were tncertiiin ones. Finallve however, solutions were eained
and the problems now no longer exisi.

It frequently happens, nevertheless, that the school seeks o
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introduce the lessons it would teach as problems for the pupil to
solve. Thus, a situation that requires addition in order to be
grasped is presented as a means of leading the pupil to an
understanding of addition; or, thus, the situation of borrowing
and lending money which involves percentage is taken up for
consideration as a means of making the pupil aware of the
significance of percentage. The thought is that the pupil will feel
a need for leurning and have a motive for learning addition or
percentage, as the ¢ise may ber and this, of course, before he
has any realization of the part either addition or percentage
plays in the situation before him. In short, whether consciously
or not, the effort is made to reproduce the learning situations
of earlier davs with the thought, no doubt, of iimmediate results
similar to those which in carlier davs were finally brought to
pass.

There are at least three obvious fallucies in such procedure.
The first is the fallacy of time. The school life of the pupil is
too short to permit the duplication of the slow progress the race
made in the perfection of our number system. A second fallacy
i the fallacy of assuming that the pupil's point of view with
tespect to swrounding situations may be inferred from  the
adults point of view. The adult is perfectly clear that the
situation of borrowing and lending requires for its complete
understanding i knowledge of percentage; the pupil who has
never been introduced to percentage does not know this. More-
over, the felt need for the learning of percentage is the teacher's
rather than the pupil's. A third fallacy is the fallacy of parallel-
ing the learning situations of the pupil with the learning situa-
tions of early peoples. The pupil may be a primitive individual
but he does not live in a primitive society. Whether the school
is ever justified in withholding learning for the sake of creating
a problem, or in attempting to duplicate the necessarily incidental
ways of learning of earlier davs, is a matter of serious doubt.

Arithmetic from the pupil's experiences. The problem ap-
proach to the pupil's lessons in arithmetic frequently moves
ahcad from a method of presentation to a determiner of content.
As a conscquence. the teacher s confronted with the apparently
conflicting demands of “mathematical” arithinetic—so-called, and
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“social™ arithmetic-—so-called. Here as elsewhere, the teacher does
not feel himself to be entirely absolved from some measure of
responsibility to the number system; while at the same time he
fecls impelled to ceck in the pupil's experiences in various social
situations the arithmetic the pupil shall learn. When he is
reminded, either by his own forethought or by such experiments
as that of Hanna? for example. of the inadequacy of pupil con-
tact with social situations as a means of determining and introduc-
ing the arithmetic he feels the pupil might learn, the teacher
faces the problem of whether to make up the deficiency by what
he considers inferior methods or to multiply the experiences
set up for the pupil.

Perhaps the teacher should not look upon “social” arithmetic
as a particular “kind™ of arithmetic, distinct from other "kinds,"
such as “computational” and “informational.” Perhaps he should
look upon it. if at all, as a method, as a means to an end. as a
mode of presentation vather than the thing to be presented.
In such case. his pomt of view would be reversed. Instzad of
determining the arithmetic which the pupil should learn in terms
of the pupil's experiences in various social situations, the teacher
would find himself making use of the pupil's experiences as a
mode of throwing light upon the arithmetic which he sets the
pupil towarn. He would thus avoid the temptation of presenting
4 haphazard content: moreover. if he found such mode of en-
lightenment inadequate, he would not thereby be discouraged
from varving his mecthods.

How and when the pupil's experiences in various social situa-
tions are to be utilized are perhaps the important issues. A
chotce of answers is offered in the following account of the
activity of plaving store that was set up in apparently identical
wavs i two third grade classrooms.

Asan exereive in social experienze a Ustore” was set up in each class-
toom under the dirtection of the teacher. A counter. shelves, and
coody to be "houeht™ and “sold™ were provided in each. and the

puptis took tns cting as Jdaks and customers. At this point the
tdentity stops, In the one cisstaom, the storeheeping was undertiaken

PR Hmna aned others, "Opporaaiities for the Use of Arithmetic in an
Vs Progian i Teackimg of athmetie, pp. 35120, Tenth Yearbook of
the National Counal of Teachers of Mathematics, 1933,
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to stimulate the tearning of the simple additions and subtractions and
a few of the simple multiplications. In the other, it was undertaken
to provide one of several means of practicing the meaningful appli-
cations of the simple processes mentioned, affer they had been learned
and understood by the pupils. In the one classroom, the arithmetical
operations were engaged in as a kind of distracting activity that was
insisted upon by the teacher as necessary for the other adivities of
storckeeping which possessed meaning: and when the teacher lessened
her insistence the other activities went along quite as well without
the arithmetical operations as with them. In the other classroom, the
arithmetical operitions were not divorced by the pupils from the
other activities, but were used to give them an exactness they other-
wise did not possess. In both dasstooms, there was manifested con-
siderable interest in the experiences to be had. in the social situations
presented, in the “social” arithmetic provided: but there was a dif-
ference in the character of the interest that was nuamnifested.

The recall of experiences. Somcthing should be said also about
the kind of pupil experience that is of value. Again, the issuc
may be presented by means of an illustration.

A ffth grade teacher? in the effort 1o develop a method of teach-
ing the ideas of size and number in the common fractions 1o his
pupils, found considerable discrepancy between the possession of the
ideas and the ability 1o recognize theiv svinbolic representation. In a
preliminary test, he seemed to dscover thae the pupils knew very linle
about the relative sizes of the stmple fractions. They made many
blunders in recognizing the Lkugest of three written representitions,
such as 15, 25, 1, and 24, 200 2,50 and the smallest of thice written
representations, such as 25, 20 200 and L U0 T almost twice as
manv incorrect estimations as corvect one. However. whaor he began
his instruction, he discovered at once that the conorere representaions
of the sizes of the common fractions, onehalt of an anple, twouthivds
of a circle, and so on. were not unfamiliar to the pupils. Indeed. when
he gave the opportunitv, most of the pupils were able 1o provide
ample illnstration from their orvn experiences, and gave dear evidence
of the possession of the memings of the fractions whose wiitten vepre-
sentations had been confising. The teacher found that he did not
have 1o teach size at all at the outset, but rather the wav of epre
senting size. He found the idea of size present, but thae it had 1o be
recalled and concentrated vpon. Heo therefme, by sugoestion and

T L Datson, The Decelepmes! of ddmpcntntzon ot w Motho loof Treaching
the Lleay of Sizee and Numiler in thee Fogpre oo Cormpman Fracliony, NMaster's lunh
lem on hle in the oflice of the Graduge Conncil, West Virzinia Utiiversiony, Mog
wantown. TR, This and other sl studics e need for illosnative panposes
in this chapter primarily hecause they ate representative of the type of qualitative
rescarch into teaching procedines which teachers thenselves can any forwarnd
amid the busy activities of the classroom
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otherwise, encouraged the reen!l of those experiences which served to
bring to the fore the desired idea:

Teacher: One of two hunters Rilled o deer. How do you think they
madde an equal division? Did one man take both front legs and the
other wan both hind legsy

I‘u{u‘l: No, that would give one man more than half. They would
cut the deer straight down the middle following the backbone.

Teaher: How do you know that would divide the deer into halvesp

Pupil: Decawse my father furnished the feed for a pig, and another
man fwnished the pig. They meant to divide the pig equally when
it wis Killed, “They took an axe and chopped vight down the middle
tollowing 1he backbone,s

Another illustration of resort w a particular type of pupil
experience as means of vecalling ideas already possessed, of con.
centrating apon such ideas, and of giving them further develop-
ment, is drawn from the work of a teacher in the sixth grade
in introducing percentage.?

The work wis introduced througi recall by the pupils, under the
stimulation and guidance ol the weacher, of experiences with per cents
in connection with grades on theiv spelling tese papers, with commis-
sion received by their chisstoo on - seedselling project, with the
payment ol the 2 per cent sides tas, and so on. Later, their experiences
m dealing with fractions and decimals were recalled. "lwoughout,
the ellort was nide o head ap Enniliae meanings toward a new form
ol expression,

Onc of the pupils had memorized the relation between the expres.
sions 14 and 2506, but pensisted in representing other expressions
by an incorteet shorthand method of lus own: ¥ equals 40%%; 1%
equals 30471 and so on,

Teacher: W13 ol acdollar is 25 cems, what is 3 of a dollar?

Pupil: T5 cents, beaause 75 cents is three times 25 cents,

Teacher: Gan you change % to a decimal?

Pupil: Yes, livide 4 into 3. (The division was performed correcdy.)

Teacher: Can you clumge your answer to per cent?

Pupil: Yos, T equals 750,

Teacher: Now change By o per cent.

Pupil, vy equals 3017,

Teacher: Are vou sure that is correct?

Pupil: 1 can divide and sce. (Phe puapil divided correctly, and
conected his error)

Clhid,. p. U8,

Ml G Rolirhough, The Development and  Addministration of a Method of
Itvodueing the Idea of Peveent to SixtheGrade Pupids, pp. 27-81, 5351, Master's
problent on file in the otfice of the Graduate Council, West Virginia University,
Muorgantown, 193y,
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It should be added to the presentation of the two illustrations
which have just been olfered that in each instance the meanings
of the pupils were headed up through the recall of experiences
toward o unity, which in a sense was a new meaning, a new
idea for use both in discussion and in application; and that as
the unity took shape the pupils went about their excrcises with
absorbing interest.

Number ideas in new situations. In the uses of the experi-
ences which we have described, it should be clear that the
intention has been to suggest the development of number ideas,
and not merely computational activity which may or nuy not
aid in such development, The preceding chapter has suggested
activities which lead to generalizations relating to the mean.
ings of acldition and the other operations in earlier grades; the
Sresent discussion has suggested uses of experiences which aid
in building up the meanings of the fraction and the per cent.
The uses to which the later number meanings can be put have
not as yet been indicated.

‘The pupil experiences which to this point have been indicated
in the illustrations are those which have hecome familiar, ¢ither
through out-of-school contacts or through the instruction of the
school. But the pupil must gain new experiences. The concept
of "social arithmetic suggests it. The nature of the world in
which the pupil now lives and into which he will shortly be
thrust as an individual having responsibilities requires it. What
of such new experiences? What part do number ideas play in
gainiug them? Upon what shall the greater emphasis be placed—
the number ideas or the new experiences? Here again the teacher
is confronted by the apparently conflicting demands of “mathe-
matical = arithmetic and “social” arithmetic,

Whatever may be the answers that come first to mind, upon
one point at least we can be clear. The situations which the
teacher sets up for the sake of pupil experience in arithmetic
have all within them a number phase or a number clement.
Where emphasis shall be put depends upen the relative impor-
tance of the number phase or element. It is suggested here
that the number clement in number situations is the essential
clement, and that a subordination of the number clement to
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others is compavable to the production of Hamlet with the part
of the Prince of Denmark played in a minor vole. Let us turn
to the work of the upper grades for illustration,

In the upper grades the pupil is introduced to the personal
anc business situations which are common to the everycay
activities of people—situations which are everywhere faced by
adults and which as an adult he cannot avoid. He is taught
about the lending and borrowing of money, and the interest
which is charged and paid for the use of money. He is taught
about buying and selling, and the profits and losses which are
incident to such transactions. He is taught about saving and
investing, and the returns which result therefrom. He is taught
about insurance, and the obligations and benefits which belong
thereto. He is taught about installment buying, and the neces-
sary charges and costs theveof. He is taught about discount,
commission, taxation, and other related situations, which are of
immediate interest to older members of his family, if not already
to him,

In all such personal and business situations, the pupil is re-
quired to give attention to a common factor, whether or not he
1ecoghizes it as common, The common factor is the factor of
quantity, of size, of amount, of magnitude. Thus, he must learn
not only that interest is paid, but also how much; not only
that money is made and lost, but also how much; not only
that an insurance policy requires a premium, but also how
much; not only that the installmeat agreement of “a dollar
down and a dollar a week™ is a convenience with a price upon it.
but also how much; in short, that the factor of “how much" is the
factor of essential significance and central concern. Morcover,
in all such perscnal and business situations, the quantitative
side is relational in character; and it is this relational character-
istic that the pupil wust be aware of if he really gains a grasp
of the situations. Thus, for example, the “dollar down and dol-
lar a week” for three months on a ten-dollar purchase may ap-
pear as a small price to pay for the extra convenience provided,
but the price assumes its proper proportions only when viewed
as a relational amount,

The study of situations in the upper grades appears as a study
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of situations per se. It is in reality a sevies of exercises in the
interpretation of wholes, exercises in which one whole amount is
seen as a significant velation to another whole amount, It is
in reality the application of the tools of number thinking, which
the pupil is supposed to have acquired in earlier grades, to the
sitnplest and most easily understood situations of the social and
business life which surrounds him,

Practice in number thinking. If the teacher concludes from
such considerations as the foregoing that the number lement
is o charactevistic and significint element in all nmber situa-
tions, he will find in his conclusions the answer to the question of
what to emphasize when number situations are called to the
pupil's attention. He will also have a definite purpose in mind
when he calls number situations to attention and when he in-
vokes and provides experiences involving number thinking.

At the outset, before any given number idea has been acquived
or developed or before any given type of number thinking has
been engaged in by the pupil, the teacher will look ahead to the
need of acquainting the pupil with certain personal. business,
or social situations which contain the idea or require the think-
ing as a characteristic and significant clement. The teacher will
be aware of other important features in all such situations, fea-
tures to which the pupil must give attention. He will he aware
itlso of the aid the possession of the number idea or the ability
in nuwmber thinking will contribute to introducing the other
features and to making them clear, and of the difficulty, if not
impossibility, of sensing the significance of such other features
apart from their quantitative relations or when their quantitative
relations are not wunderstood. He will seek, therefore, to intro-
duce the number element in advance.

Moreover, the teacher will be aware that the number element
in situations is not a thing in a vacuum, as it were, whatever
the importance it may seem to have in its own right. Accord-
ingly. as was suggested in an earlier topic, the number element
will be introduced in and clarified by situations which are already
tamiliar,  Later, as and when the number celement becomes
familiar, it will be put to use to lend familiavity to new and
unfamiliar situations.
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Let us illustrate the procedure just indicated by reference to
the introduction, development, and application of percentage.
As an earlier topic has indicated, percentage as a new language
ancd as a new made of expressing relations between uantities is
introduced by suggesting past experviences which provide the
necessary introductory meanings. As these meanings head up into
i unity of meaning, development is provided by an abundance of
itustrations, suggested and evoked by teacher and textbook, The
ilhastrations arve familiar sicvations which involve and require the
thinking of two numbers together in terms of theiv pevcentage
relationship. “T'he illustrations are commonly called “problems,”
though they e not properly problems at all. Properly chosen,
the illustrations do not leave the pupil in doubt, but throw fur-
ther light upon an ddea which already has been introduced.
Sometimes the complete illustration is given, that is, “the prob-
lem is worked''; sometimes the illustration is given in part and
the pupil is vequired to supply the missing elements, that is,
“work the problem™; and sometimes the pupil is vequived to sup-
ply his own illustration, that is, “make up his own problem.”
In any case. the “problem” is the presentation of a familiar situa-
tion which illustrates the idea of percentage and requires the
consideration of the percentage relationship between two quan-
tities,

Finally, the pupil is prepared for introduction to new situi-
tions in which the percentage relations between quantities are
invalved. First of all, the pupil needs to be introduced to the
general, qualitative features of the situations. Next, he needs
to consider special cases, to view the quantitative features.

If the topic is interest. for example, the pupl must become
informed of the needs of individuals and of businesses fov the
use ot ready money, of the risks of lenders, of the obligations of
borrowers, of the advantages the borrowers gain, of provisions
for safety and security, of the similarity between using another's
money and using another's property, of the methods of reimburs-
ing the lender for the use of his money. and of like matters.
The pupil needs to gain wdeas of what intervest is, why it is charged
and paid, the sitwation that ivolves it, and the concerns of the
people who are involved in it
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As and when the pupil gains the general ideas of interest, he
can profit from consideration of special cases. Here again, he
should have illustration after illustration: not of percentage
merely, because the percentage relation has already become fairly
clear, but of the situation of interest. Here again, he should have
"problems” to “solve. The purpose is to throw light upon the
situation of interest from various angles. To throw light, the
illustrations must relate to matters which are as familiar as pos.
sible. ‘The situation of interest is partly familiar cthrough s
general introduction, It is highly important that the number
element be familiar. ‘I'he value of the illustrations is determined
in the main by the degree of familiavity of the nnmber clement,

The pupil as an active participant, Our discussion to this
point has been devoted in the main to the resolving of the para.
dox which the apparently conflicting claims of the number sys-
tem on the one hand and of pupil experiences on the other seem
to present. We find that no paradox need exist, that the develop.
ment of number ideas and *he use and extension of experiences
may be brought into relation each with the other, Or, to state
the matter in another way, we find some excuse for a paradox
in the thinking of the teacher, but no necessity for one in the
developing ideas and experiences of the pupil. We need to give
further and somewhat more pointed attention to the part the
pupil plays in the learning of arithmetic, We shall o this, first,
by indicating the continuity of the ideas which the pupil may
gain in the whole course in arithmetic and particularly in the
work of the middle grades, and, later, by considering certain
general suggestions relating to the individualizing of instruction,
and by canvassing the possibilities of teaching the pupil methods
of self iustruction,

II. THE CONTINUITY OF THF COURSE IN ARITIIMETIC

The study of wholes. At the outset of his work in arithmetic
the pupil studies small, casily apprehended groups, either inci-
dentally or systematically. If the latter, he both learns systematic
methods of study and employs such methods in his study of
groups He studies groups by counting them, by comparing one
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group with another, and by separating groups into component
smaller groups and combining smaller groups into larger. He
learns, by one means or another, to deal with the group of ten
as a standard, and to combine and analyze groups in terms of the
standard group. As he proceeds, he learns the language of num.
ber, both the oral and the written; and he learns to use the writ-
ten language as an aid in dealing with groups as well as a means
of recording the results of his thinking. Moreover, he develops
certiin general ideas of combination, the ideas of addition, sub-
traction, multiplication, and division. That is to say, he learns
not only how to add, or divide, but also when to add, or divide,
and why; or, to put the mater in another way, he acquires and
develops meanings for the procedures of adding, subtracting,
multiplying, and dividing. From first to last, if his studies are
systematic, he not only handles groups, but also gives attention
to what he is doing.

As the pupil moves along through the work of the primary
grades, he learns to engage in what are called the more complex
processes of the fundamental operations, This is only another
wity of saying that he gradually leaves the study of small groups
which he can handle and study by direct means to engage in the
stucdy of groups which are too large to handle and which must be
studied by indirect means. He learns, sometimes by rule-of-thumb
methods, somnetimes by deliberate attention to what he is requirad
to do, to relate the combinations of the larger groups to the com-
binations which he carlier made of the smaller; and occasionally
he is made consciously aware of the relatic <hip, which is by
way of the stundard group of ten. Thus he learns, consciously
and understandingly or otherwise, to group tens, tens of tens, and
so on, in addition, subtraction, multiplication, and division,
just as he grouped his ones at the outset. Throughout, he learns
about whole numbers: first, those which are readily and directly
grasped, and, later, those which necd (o be brought back in
proper relationships to smaller and easily apprehended wholes.

The primary grades arve the grades in which whole numbers
are studicd. In the primary grades the method of studying whole
numbers is the method of combining and recombining whole
numbers. Through the use of such method the pupil is carried
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at last to the point where he needs a new method of study if he
is to continue to enlarge and clarify his ideas of wholes. The
combining of wholes finally introcduces such wholes as cannot be
grasped through combinations alone. ‘Then a new method of
relating wholes must be learned if progress in thinking is to
continue,

The study of parts. The new intellectual device to which ref-
erence his just beeir made is the idea of the part. The device
is acquired through the study of parts, and the manner of employ-
ing it is learned through the study of the uses of parts, A double
task thus confrouts the pupil. He is placed in a situation which
is comparable to that of the farmer when he boughe lus fivst
tractor. The farmer first faced the problem of acquiring the trac-
tor (ob paying for it); he next faced the problem of learning
how to run it

At the outset parts are studied much as wholes were studied
in carlier grades. First, each part is studied in isolation as a given
sized division of a whole. Next, parts are analyzed into smaller
related parts, and the smaller related parts are combined to
torm the orviginal larger ones. Next, parts are compared as to
their relative sizes, and, finally, they are combined and separated
in  additions, subtractions, multiplications.  and  divisions,
Throughout, the language of parts 1s learned and used both to
aid thinking and to state the results of thinking. In proper
sequence, the various forms are learned and used: the language
of common [ractions, the language of decimals, and the language
of per cents.

The study of purts, though it begins with everrday uscs,
quickly moves far beyond any everyday uses the pupil has or ever
will have for parts. He engages in additions, subtractions, multi-
plications, and divisions of parts which are never cmployed by
the common man outside the schoolroom. The purpose is to
give a command of the idea of the part which transcends direct
usage in ordinary everyday situations. The purpose is to give

iwh a command as will enable the pupil to use the idea in-
directly.

The part as a relational idea. Through the indirect uses of
parts the pupil returns to the study of wholes. He learns to deal
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with wholes in a new way and by a new method. Now the pupil
combines what he has learned of parts and of wholes, and em-
ploys parts as ideas and statements of relations between wholes,
The new method of studying wholes does not substitute for the
carlier methods, but supplements them, and thus provides larger
and clearer ideas of wholes than were possible through the use
of the earlier methods.

The pupil learns to deal with the part as the expression of a
relationship between wholes through three kinds of exercises,
i one exercise he learns to find an unknown number that is
stated as a given part of a known number. In another exercise
he learns to express 4 given number as a part of another num.
ber which is known to him. In a third exercise he lcarns how
to find an unknown number when a given part of it is known,
He engages in these exercises when he has studied common frac-
tions, and again when he has studied decimals, and again when
he has studied per cents.

In the middle grades the pupil studies parts. Through such
stucdy he learns, fivst, the direct uses of parts in ordinary every-
day experiences and situations, and, next, the indirect uses of
parts as expressions of relations between wholes. His study of
parts thus proceeds to the study of wholes and pars. 18y means
of the latter phase of his study the pupil is prepared for the
study of the practical applications of wholes in succeeding grades.

The interpretation of wholes. When the pupil comes to the
upper grades, it is assumed, often quite incorrectly to be sure,
that he has learned how to think of one quantity as a part, or
per cent, of another. Tu the upper grades, he is given cpportunity
to put what he is supposed to have learned to a rse which can
he seen to be of immediately practical importance. The fact that
many pupils come to the upper grades not thus prepared merely
serves to stress the vesponsibility which earlier grades ave supposed
to have met. On the surface it appears that the pupil is en-
gaged merely in becoming acquainted with practical situations.
Actually, however, he may be doing much more. He may be
carrying forward the activities of dealing with parts as interpreta-
tions of wholes, of learning and using wholes, whicl had their
beginnings in carlier grades.
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The activity of interpreting wholes extends through the high
school, though arithmetic as one of the common branches of study
is discontinued at the level of the upper grades. In the high
school every pupil must pursue what are known as the social
studies. In such studies the pupil has his ateention called to the
institutions of society and to certain of th» major problems with
which organized society has to deal. He must stiudy the activities
of organized society in its attacks upon such problems-—problems
of public education, of poverty, of crime, of housing, of popula-
tion, of sacial security, of industry, of capital and labor, and the
like. Each set of activities or each problem is described in the
pupil’s textbooks and other reading materials. His task is the task
of reading the descriptions.

The descriptions which the pupil is called upon to read are of
two Kinds, presented simultancously, One description deals with
the characteristics of a social institution, with the kind of social
activity, with the nature of the problem. The other deals with
their magnitude. One is a qualitative description; the other is
quantitative. The one is printed in the language of the alphabet;
the other is printed in the language of the Arabic numerals.
Neither can be fully read and understood without the reading
of the other. To read one and neglect the other results in a dis-
torted view which misleads the thinking,

‘The numerals which appear in the descriptions of social insti.
tutions, activities, and problems must be more than pronounced.
They must be interpreted. They do not impress themselves.
They become impressive only as meanings are read into them und
read out of them. The numerals represent large numbers, num-
bers which are far beyond direct apprehension, numbers which
touch the individual only in the fractioual degree in which he
is a part of society, numbers which take on meanings only as they
are brought down through many relations to the point where
they touch individual lives more or less directly To vead such
numerals, the pupil must bring to bear upon the activity all the
resources of number interpretation which earlier grades can pro-
vide him. Unless he is well equipped, he is in constant danger
of getting lost in the maze of relational thinking that is demanded
for adequate interpretation.
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HL THE CONTINUITY OF IDEAS IN FRACTIONS

The idea of number of parts, What has just been said about
the possibility of a sequential and on-going single program of
learning activity for the pupil throughout his whole course in
arithmetic applies with cqual force to the work that may be
laidd out for him in his study of fractions. His study of fractions
can be made a program of developing ideas, such ideas as gain
in clarity as his study proceeds and in turn render his study more
and more unified and meaningful. To illustrate, reference will
be made to the ideas of number and size of parts, to the new
application of the decimal form of numeration, to the fraction
as an expression of refationship, and to the so-called three kinds
of problems,

The ideas of numbers which the pupil has developed in
eatlier grades have general applicability, This fact the pupil
has recognized from the outset. For example, when he learned to
count, he became aware that he could count anything. He
counted the buttons on his shoes, the pictures on the wall, the
plates on the table, the trees in the yard, and, with equal facility
and certainty, the picces (fractional parts) of an orange on his
plate, or the pieces into which a pie, or a cake, or a melon had
been cut. Similarly, when he learned the combinations, he be-
came able to combine parts as well as wholes. Thus, for example,
he could add e 3 picces of orange he had had and the 5 pieces
he was yet to have quite as well as he could add $ oranges and
5 oranges.

The fractional parts which the pupil is thus able to count and
to rearrange in various combinations are each regarded by him
as & unity. To each he gives the same type of attention as is
commonly given to the standard fractional parts of various meas-
ures. Though one may recall, if he is so disposed, that a quart
is a fourth part of a gallon, he commonly regards each quart
measure as a whole in and of itself. Similarly, he deals with
minutes 1s unitics, and with feet as unitics, usually without con-
sidering them as fractional parts of the hour and the yard. Like-
wise, the pupil counts each picce of his orange as a whole piece;
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to him the hall-pint bote of cream which he brings from the
store is 9 whole bottle. Ay a consequence, the cowming and
combining of parts are at the outset identical with the counting
and combining of wholes,

The school could, it it would, take advantage of the pupil's
developed ability to count and o combine as one means ol
introducing him o his systematic study of fractions, While the
idea of equality of sizes is being introduced, and is as yer not
tully grasped, the pupil might well be directed o the counting
of parts and to the combining of parts in additions, subtractions,
multiplications, and divisions, treating the parts as he has here-
tofore wtreated them, that is, as unities, In such activities, the
pupil would find himself on familiar ground while he is tying to
gain another view that is as yet relavively unfamiliar, He would
gain conlidence in his ability to deal with fractions which other-
wise are being explained in terms that temporarily at least seem
to lessen his confidence. Moreover, his induction into the com-
putations with fractions that are eventually vequired would thus
be by casy stages,

The idea of size of parts, Just as the pupil's ideas of numbers
may serve to connect his carlier study of wholes with his new
study of parts, so may the idea of size become a unifying idea
as his study of fractions proceeds, At the outset, the sizes of parts
are called to attention, “The balf is introduced, explained, and
illustrated as one of two equal parts, and the third us one of three
equal parts. Morcover, the relations between the half and the
fourth, the third and the sixth, the half and the third, and so on,
are made clear by illv-tration. Attention to size is the first mental
activity set up and directed in the introduction of hactions.

Somewhere along the line, however, the pupil usually fails to
continue to hold his attention to size and to relative sizes, and at
such point his difliculty begins, Many pupils in the school meet
with much difficulty in dealing with the denominators of frac.
tions.  Such difliculty is with that feature of the fraction that
both historically and in the experience of the pupil is the first
to strike the attention. The first fractional muneration was the
form of the unit fraction which concentrated attention on size:
and the young child without benefit of schooling is never at a
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loss to distinguish between the sizes of two pieces of candy when
he is offered a choice, But because teachers and textbooks either
take an understanding of size for granted, or neglect to stress the
importance of size, ov mislead the pupil in his consideration of
size, much confusion results,

The pupil comes to the study of fractions after learning to deal
with numbers.  Perhaps, therefore, his understanding of num.
ber in the study of parts may be taken for granted. But not so
the feature of size. He must be taught to think exactly with
regard to this feature. Very commonly the pupil is misled in his
consideration of size by mistaken definitions forced upon him by
teacher and textbook, It is the common practice to advance such
definitions as the following: “The denominator shows the num-
ber of parts into which the thing has been divided.” “The nu-
merator shows the number of parts to be taken.” In short, both
denominator and numerator are said to show number of parts,
which is hall false and half true; and then, in order to indicate
a distinction where none has been made, a misleading phrase,
like “to be taken,” or “that you have,” etc., is added to the
definition of the numerator to becloud its meaning. After such
definitions. the teacher wonders why the pupil, who at the out-
set has o wouble distinguishing halves, thirds. fourths, etc.,
proceeds to add two-thirds and three-fourths as follows:

2 3 5
§+I=7

The pupil, having been confused about sizes, or having no
systematic guidance in the recognition of sizes, or having been
taught to treat them as numbers, knows very well that he can add
2 parts and 3 parts, and the result will be 5 parts. He procceds
so to add, as just indicated. Since the denominators in the
addends possess a false meaning, he might just as well set down
a false meaning (or any meidning) in the denomina.or in his
answer.

The history of fractions reveals that the 1ace made little if any
progress in the development of ideas of fractions so long as size
was emphasized at the expense of number, nr = ong as num-
ber was emphasized at the expense of size. The same revelation
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is to be noted in the case histories of pupils in the school. They
make no progress in developing a working understanding of
fractions so long as cither distingwishing feature of the fraction is
neglected in their thinking. Pupils must be led to study size as
well as number. They must not be diverted trom the study of
size once such study is begun,

The decimal expression as an extension of decimal numera-
tion. The characteristic feature of the Hindu-Arabic numeration,
to which the pupil is inttoduced in the carly grades, is the
positional value which attaches to the numerals. In learning the
system thereby represented, the pupil learns first to deal with
groups to ten and next to deal with teus and multiples and
powers of ten, He learns to use the numerals to represent num-
bers (of individuals to ten, and then of groups), and to use posi-
tion to represent size (of groups). Number and size as coordinating
ideas thus properly must be encountered, whether intelli-
gently or not, before the pupil is introduced to his study of
fractions, Here, again, we note the possibility of continuity in
the ideas which the pupil may be led to develop, ‘The continuity
that is indicated may extend into the pupil’ study of decimals.

It the pupil who is to be introduced to decimals has learned
the decimal notation, that is, has come to an appreciation of the
significance of its chavacteristic feature, and if, in addition, he
has been kept aware of the ideas of number and size in his
initial study of fractious. he will find in his study of decimals
nothing new to learn. In decimals, he needs to deal with only
two or three or four standlard sized parts (tenths, hundredths, ete.),
and these he may represent in the old, familiar way: the numerals
are used to represent numbers of parts, and the positions in
which they are placed are used to represent sizes.

The fraction as a relational idea. The use of the fraction as
an indication of relationship between two numbers begins in
the pupil's activities dealing with division of whole numbers.
In division, the pupil is frequently required to find one of the
equal parts of a quantity by dividing the quantity by the num-
ber of parts desived. The answer secured, which is the quotient
of the division, is not an absolute result, but one that must be
thought of in its relation to the number that has been divided.
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The question asked at the outset, and usually repeated as part
of the description of the quotient, serves to bring the quotient
into relation with the original quantity, Thus, when the pupil
is asked, “What is one half of 24" he finds and gives the answer,
"12 is one halt of 24" Thus, he uses the expression, one hulf,
to describe the relation 12 bears to 24.

A preceding discussion has indicated the later uses in the prac-
tical atfairs of life of the fraction as a mode of stating ohe num-
ber in its relation to another. The point was impressed that the
relational idea of the fraction, which has its beginnings in activi-
ties that precede the systematic study of fractions, continues as a
useful idea after the systematic study of fractions has been left
behind.

The three kinds of problems. Mot merely before and following
the pupil's study of fractions is to be located a possible emphosis
upon the fraction as a relational idea. Much of the study of frac.
tions is a study which is intended to make clear the family tree of
numbers. Thus, the continuity remains unbroken from begin-
ning to end.

In the study of fractions, the pupil encounters what we have
termed the “three kinds of problems.” He meets the situation
that r qquires him to find the part of a number; a second situation
that requires him to find what part one number is of another
number; and a third situation that requires him to find a number
when a part of it is given. In decimals, the pupil meets the
same three kinds of situations; again in percentage he meets
the same three kinds. If no attempt is made to have the pupil
make comparisons, he may remember the situations (if he does
succeed in holding them all in mind) as “nine kinds of problems."
On the other hand, if comparisons and relations are emphasized
from the beginning. he will come to understand them as the
“three Kinds of problems”; and morcover he will understand
their relations and distinctions. Studving the “three kinds of
problems” in fractions helps in the further study of the same
three kinds in decimals and still more in their study later in
percentage. As the pupil moves from one chapter in his arith-
metic to the next. he is aided in handling the new chapter on
a higher level of understanding by the use of what he learned
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about the same situations in the preceding chapter. He ap-
proaches the study of the new chapter with some ideas about the
new chapter already formed and ready for use. A general method
of attack is thus gradually developed.

Moreover, in the later stages of arithmetic, the pupil is re-
quired to study what ave called the “applications of percentage”
—interest, savings, investments, gain and loss, cost and selling
price, insurance, taxes, etc. Each topic is new and unknown
before it is studied. Fach is in some degree a separate topic.
Fach may continue to appear as something entirely new and
different. But if the pupil approaches the study of each topic
with an understanding of the “three kinds of problems” and of
the relations and distinctions between them, he may be led to
view the various apparently different topics, like interest, sav-
ings, and investments, each as further illustration of the same
“three kinds of problems” he already knows about. Thus, in
the study of interest, the pupil will learn about certain business
practices previously unknown to him, and, what is more to the
point, he will at the same time gain a better understanding of
the old and familiar “three kinds of problems.” Thus his general
ideas will develop along with the gaining of new information,
and thus his preparation for the study of succeeding topics will be
strengthened. Such a procedure in studying brings into a single,
unified scheme of thinking or method of attack what otherwise
might easily be a dozen separate, distinct, and unrelated “appli-
cations” of percentage.

IV. INDIVIDUALIZATION OF INSTRUCTION

The meaning of individualization. The continuity of ideas
which runs through the course in arithmetic may become the
pupil's continuity. This is to say that the pupil himself may make
the ideas and the thread of their relations his own possessions, or
in other words, that the instruction administered must have an
individual bearing.

Individualization of instruction has a double meaning. The
following excerpts from the rc 3+t of an elementary school prin-
cipal on the methods pursuea to develop number ideas among
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the pupils of her school give illustration of the double meaning
of individualization.®

(1) Individual Observation. Since meaning and understanding are
the main goals, the teachers should not depend too greatly on the
results of written and oral ests as evidence of progress in meanin%
and understanding.  Analysis of the daily oral and written work wil
aid the teacher in locating weaknesses and indicate some of the reme-
dial work required; in zuli'ditiun to this, however, the teacher should
make careful observations of the individual pupil while he is doing
the work in avithmetic to find out his methods and how he gets his
answers. I there are signs that the pupil is developing poor habits
of woraing or thinking, proper remedial methods may be promptly
applicd. An instance of t&xis observation and alertness on the part of
the teacher is in connection with a girl in the fifth grade who was
having difficulty in column addition; occasionally the answers she ob-
tained were correct, but generally they were not. From observation
and questioning the teacher discovered that the child always “carried”
the larger digit; if the units column totaled 29, for example, she
would write down the 2 and cay the 9, because, as she put it, “The
tens are larger than the units,” Specinl attention has been given to
this child to correct this error, and eliminate the habit.

(2) You will note, throughout the activities in these divisions, the
anity and simplicity of the method, The children, under the guidance
of the teacher, are discovering the number facts for themselves. Nat-
urally practice must be given; the number facts must be rediscovered
and reverified again and again, the grouping and the results repeated
over and over until mastery is acquired. But the children acquire
that mastery through practice, and, if they do not remember, they
can always return to the group and rediscover and reverif{ the results,
As an example of this, in one of our First Grades, a little chap who
had developed his ideas through groups, noticed that his companion
was in difficulty about the vesults of an arrangement. “Go back to
your group,” he said. “Here, I'll show you,” and took the material
and arranged it from the beginning, sturdily explaining that—"when
you take two blacks away from the group, you have three blocks left,
and when you put them together again you have the same five blocks.”

The first of the foregoing quoted paragraphs illustrates the com-
mon and generally accepted meaning of individualization, namely,
the application ~¢ remedial instruction according to the special
deficiencies and special needs of individual pupils. The second
of the paragraphs illustrates individualization in its broader and

8 Ethel L. Nicholson, “Studving Groups as an Approach to the Development of
Number Ideas in the Primavy Grades,” University of Pennsylvania Bulletin, 39:
296-297, June 26, 1939.
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fuller meaning, namely, the stimulation and direction of the
learning activities of pupils to the end that each pupil will develop
ideas, meanings, understandings. Individualization may or may
not be individua' instruction. It may occur in the case of one
pupil or in the case of cach of several pupils in a group. In anv
case individualization implies that the pupil is made mentally
alert to the essentials of the situation before him through the
ideas and meunings which he develops and which thus become
peculiarly his own. One may observe the process especially well
in that type of instruction in the vocabulary of arithmetic in
which the pupils learn certain words, not as mere words, but as
names for ideas which already have come into their possession.

Learning as an individual matter. Let us take for example the
acquisition of the word “division.” In the midst of their study
of a group of eight, let us say, the teacher raises the question,
“How many twos are there in eight>” No one knows, of course,
and no one knows how to find out. The teacher sets down before
the pupils a group of eight:

or takes charge of the group of eight on a pupil's desk, and
demonstrates the arrangenmient into groups of twos:

The teacher now counts and has each pupil count the twos: “One,
two, three, four.” “There are four twos in eight” is the answer
to which each arrives. As the pupils catch on to what is implied
in the question and what the question requires, they each take
over the activity of rearranging the group of eight into twos.
The question may be asked orally, as indicated above, or in
writing thus. 2/8. In ecither case, each pupil finds the answer
for himself and gives the answer he discovers. Next, similar
questions are asked: “How many threes are there in twelved”
“How many twos are there in ten?" 3/12, 2/10, etc., and for each
question cach pupil discovers and gives his own answer: “Four
threes are twelve,” etc.

The point of the illustration thus far is that each pupil is
learning the meaning of division. The exercises in division con-



Arithmetic in General Education 105

tinue. With each exercise the meaning of division is added to,
becomes clearer, becomes more a personal possession. Finally, at
some convenient time the teacher supplies the name: “We call
this division.” “When you do that, you divide.”

Similarly, the development of such ideas as “average” and
“per cent” is an individual, personal process. First of all, the
pupil gains the idea; and, finally, he is supplied the name. Thus,
in the case of the former idea, each pupil is stimulated to give
his attention to the suppositions: “If he had traveled the same
distance each hour.” “If everyone had been given the same
number.” “Supposing he had received the same amount for each
evening’s work,” etc. When each pupil has found the correct
answer to a number of such exercises as are indicated, and more
especially, when he has given attention to the supposition which
gives meaning to the answer, the teacher supplies the name: “This
is called the average”” “We call this distance (or number or
amount) the average distance.” By a similar procedure with per-
centage, attention of each pupil is directed in a special manner
to one of the several parts, or fractions, with which he has already
gained some familiarity, namely, the hundredth part. Through
discussion and illustrations, which are both supplied by the
teacher and drawn from each pupil's experiences, attention is
directed to several of the more easily understood special uses of
the hundredth part. Finally, as the idea grows, the name per cent
is supplied.

Individualization and grade placement. With the suggestion
that arithmetic is a systemn of ideas which the pupil himself must
be led to develop, belongs its corollary that arithmetic can be
learned only as the conditions of maturation of the pupil provide.
In recent years many have become greatly exercised over this
matter of maturation, and certain ones have attempted to solve
the issue by an external, predetermined scheme of grade place-
ment. Their latest solution is that of meeting the difficulties of
instruction in a given grade by passing along the difficulties to
the teachers in succeeding grades. One may call to mind the fact
that many teachers had been aware of this device of solving their
problems long before the Committee of Seven made its original
report.
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It is the suggestion in this discussion that it is the pupil to
whom we should turn for answer to the problem of maturation
and grade placement of topics. Each pupil must develop the ideas
of arithmetic for himself through methods of thinking which he
may learn and use. As a consequence, the ideas in arithmetic
develop no more slowly or rapidly than the pupil develops them.
To illustrate, the pupils who are ready to learn the meaning and
the name of the process of division in the manner which the
preceding section has indicated are those who already have been
engaged in an intelligent handling of groups. Similarly, the
pupils in the experiment, to which reference will presently be
made, will be found to have been ready to undertake the learning
activities involved only when their teacher got them ready through
preparatory exercises. And similarly, as an earlier section has
pointed out, the pupils in the later grades who are ready to
study the practical situations of life in which the idea of per-
centage is a characteristic element are those pupils who through
their earlier training have come into possession of a working
understanding of the percentage relation between quantities,

In what grade shall the pupil be taught percentage, or in what
grade shall he be taught division by two-place numbers? The
answers cannot be given in advance. The pupil may or may not
be ready for the one in the seventh grade or for the other in the
fifth. Everything depends upon his previous preparation, upon
the extent to which he has been led to develop ideas of arithmetic
and to use the methods of thinking in arithmetic in earlier years.
There are many pupils in the seventh grade wholly unprepared
to give attention to percentage, and there are many pupils in the
fifth grade wholly unprepared to undertake division by two-place
numbers. On the other hand, many sixth grade pupils can and
do develop an understanding of percentage and many fourth
grade pupils divide by two-place numbers with good understand-
ing of what they are doing. The answer to the questions in either
case is that the pupil is ready when he is ready. In other words,
it is the pupil's use of the methods of thinking which he may
be taught and required to use which sets the pace of his learning.
This is only another way of saying that if we teach arithmetic
according to its nature and peculiarities, we shall not need to
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worry about the issues of maturation and grade placement of
topics; such issues will solve themselves,

If the issues require answers, they require answers which are
relative, not absolute. The issues are much the same as that
which could be raised about one’s readiness to take any given
step in going upstairs. When is one ready to take th:: sixth
step, for example? The answer cannot be at eight in the morning
or at four in the afternoon. He is ready to take the sixth step
only when he has mounted without undue haste and with suffi-
cient care to the fifth step of the stairs. In this connection
Dantzig’s story may be repeated.

Dantzig? tells the story of a German merchant of the fifteenth
century who, desiring to give his son an advanced commercial
education, appealed to a university professor for advice as to
where he should send his son for training. The reply was that if
the mathematical curriculum of the young man was to be con-
fined to addition and subtraction, he could obtain such instruction
in a German university; but if instruction was desired in the
difficult arts of multiplication and division, he would have to go
to the universities in Italy for such advanced training. (Fortu-
nately, the grade placement of the four fundamentals did not
remain at the university level. Fortunately, no fiat of grade place-
ment kept them there.)

V. TEACHING METHODS OF THINKING

The direct versus the indirect method of instruction. The fore-
going paragraphs may be summarized in the statement that the
problem of grade placement is the problem of establishing appro-
priate sequence among the learning activities of pupils. The
sequence, as has been implied, is internal in the developing
understanding of the pupil, not merely external in the program
and plans of the teacher. The sequence, if this is built up, turns
out to be more than a mere arrangement of learning activities,
primarily a means of guiding them. How internal controls of
learning activities may be provided the pupil may very propeily

7 Tobhias Dantzig, Number, the Language of Science, p. 26. The Macmillan
Company, New Vork, 1930,
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engage our attention at this point. Canvassing the possibilities
of teaching pupils methods of self-instruction may help to reveal
the part the pupil plays in the learning of arithmetic.

The learning and teaching paradox, to which reference has
been made from time to time, confronts the thoughtin! teacher
as what may be called the basic problem of instruction. The basic
problem of instruction is the question whether to teach the sub-
Ject directly to pupils or to teach pupils methods of learning the
subject so they can teach it, or much of it, to themnselves. Shall
the literature teacher teach poetry to his pupils, or shall he teach
his pupils how to read poetry? Shall the science teacher teach
the products of scientific thinking, or shall he teach his pupils the
methods of thinking of science? Shall the arithmetic teacher
teach arithmetic, or shall he teach his pupils the ways by which
they may build up the idcas of arithmetic for themselves, and,
as he does the latter, stimulate his pupils to use the methods to
teach to themselves what arithmetic they learn?

The thoughtful teacher must weigh the merits of the direct and
the indirect methods of instruction, as they are here defined;
indeed, he must make a choice between them, He may not have
to choose one method to the neglect of the other, for, as it may
readily be seen, the two methods are not mutually exclusive.
The literature teacher, for example, must te.ch some poetry as
a means of teaching his pupils how to read poetry, and may very
well teach some reading while he is engaged in teaching poetry.
Nonetheless, the teacher must choose between the two methods,
determining, if nothing more, which method he will emphasize.

At first glance it would seem that the direct method is the
better method in the case of arithmetic, at least in the case of
reaching the objective goals of arithmetic. The objective goals
of arithmetic teaching which arc cominonly set up as the true
goals, and which give the appearance of being the true goals, are
no doubt reached more quickly and apparently more surely by
the direct approach. But however much and whatever arithmetic
pupils do learn under the tuition of the direct method, they learn
something else also, something subjective, which is not commonly
revealed by the tests and examinations at the end of the term.
While they learn arithmetic, or such arithmetic as may be taught
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by the direct method. they learn dependence upon the teacher.
On the other hand, by the indirect method of learning and using
methods of self-instruction, pupils, though they may reach fewer
objective goals or reach them le quickly, likewise learn some-
thing else also, something subjective, which is not commonly
revealed by tests and examinations. While they learn arithmetic,
such arithmetic as they teach to themselves, though under the
constant stimulus of the teacher, they learn self-reliance. It is
a sad commentary on the methods of teaching arithmetic in com-
mon use that the farther most pupils progress in the subject the
more dependent upon the teacher and textbook they become.
Conversely, it is a surprise and pleasure to behold a pupil who, by
accident or in spite of the instruction he has been receiving, has
discovered a way of explaining to himself the arithmetic he is
learning, and has thus learned to rely more and more upon his
own developing ability to understand. The thrill is almost as great
as the thrill which such a pupil himself experiences!

Whatever may be the answer to the basic problem of instruc-
tion in other fields, in the field of arithmetic there appears to
be only one answer. Arithmetic is a system of ideas. Arithmetic
exists and grows for the learner only in the mind of the learner.
Arithmetic must be learned in understood sequences or relations.
The answer to the problem is that the only real way for pupils to
learn arithmetic is to learn and use the methods of thinking which
slowly and gradually cause the ideas of arithmetic to grow up in
their minds.

Self-instruction a possibility. The objection may be raised
that it may be very well to suggest methods of self-instruction in
the later grades of the school, but that such methods are beyond
the abilities of pupils in the elementary school, especially in such
a difficult subject as arithmetic. It may be objected that in the
earlier grades especially pupils are and must remain dependent,
that they can take only such arithmetic as is given to them, and
that only in homeopathic doses. To such objection it may be
replied that even the beginner in the first grade does not have to
be told that two and three are five, for example, provided he has
been taught to count as a means of finding out for himself the
size of a group. He can count out two, then three, and next he

L
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can put the two groups into vne and count the five. Such a pupil
is not taught that two and threc are five. His teacher does not
tell him. His teacher asks him what the answer is, and he finds
it for himself. All that is required is that he be taught counting
as a method of thinking and directed in the prerer use of such
method. Using such method and other somewhat si1ailar methods,
such as have been described in the preceding chapter, pupils in
the first grade can find the answers, that is, teach :hemselves the
answers, to forty-five additions and forty-five subtractions. Using
such methods, they can, if their teacher desires, interpret simple
questions in division and discover the multiplication answers.
Moreover, to carry the illustration further, pupils do not need
to be taught the thirtysix more difficult additions. Instead, they
can be taught a single method of grouping into a ten and so many
more, and then they can use this inethod to teach themselves the
thirtysix additions. They do not need to be taught the thirty-six
corresponding subtractions as thirty-six separate bits of informa-
tion to be learned. Instead, they can be taught a single method
of subtracting from the ten, and then they can use this method to
teach themselves these thirty-six subtractions. They do not need
to be taught the simple multiplications, because they can work
them out from the actual procedure of dividing larger groups into
smaller equal groups and counting the groups. They do not need
to be taught the more difficult multiplications and divisions. In-
stead, they can be taught the ingle method of transforming the
groups to nine into groups of ten and counting the tens. They
can be taught the simple procedure of reversing the method to
determine the related divisions. Then they can use this method
and this procedure to teach the maltipli_ations and divisions to
themselves. They do not need to b: taught the complexities of
the more difficult operations in the furndamentals. Instead, they
can be taught the special sienificance of ten, and it special posi-
tion, and the method of dealing with tens just as though they
were ones. Just as soon as the pupil begins to be conscious of the
fact that he can and does deal with tens, as he puts it, “just
like ones,” the complexities of the difficult operations are reduced
to a single simplicity. He is in possession of the single key which
he himself can use to unlock each successive door as he comes to
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it. Besides, as he moves from door to door, he gains greater
facility and greater confidence in his use of the key. Finally, the
pupils do not have to be taught how to solve problems in arith.
metic. Instead, they can be taught the methods of work and the
methods of thinking things out for themselves, such as an earlier
section has indicated, aud their problems turn out to be illustra-
tions of number relations and of practical situations which they
already understand in part and are engaged in examining.
What has just been said is that arithmetic is not an encyclopedia
of facts and answers which the pupil is given and which be stores
away for use, but instead a systematic method of thinking out
number r-titions which, when employed, provides him with the
facts and answers. What has just been said is that this systematic
method of thinking is mastered only through use, and that it is
the function of the teacher merely to introduce pupils to the
method and to direct them in its proper use. From that point or,
at every stage of his prougress, the pupil is his own best teacher.
A third grade experiment in self-instruction. At this point evi-
dence will be brought to bear upon the proposition that pupils
can be trained in methods of self-instruction. Reference has been
made elsewhere® to successful efforts to provide such training:

Pupils can learn self-reliance while they ave learning arithmetic.
L. A. Gump taught two groups of second grade pupils a mcthed of
discovering for themselves the answers to the thirtysix more difficult
additions, and P. C, Michael taught a third grade group a method of
self-instruction in the thirty-nine more difficult multip]lications. The

upils were successful in learning and in using the methods of self-

instruction taught them. Every one of the forty-four pupils in the
second grade groups succeeded in learning the thirtysix additions in
nine trials on the average per puril per combination. Every one of
the forty pupils in the third grade group succeeded in learning the
thirty-nine multiplications in twenty-one trials on the average per
pupil per combination. Moreover, all the pupils concerned developed
a degree of personal pride in their ability to depend upon themselves.

During the school year, 1938.1939, M, V. Givens® repeated and

S H. G. Wheat, “Qualitative Analvsis of Certain Imponderable Outcomes of
Arithmetic Teaching.” Abstract in Research on the Foundations of American
Education, pp. 15-16. Amcrican Educational Research Association, Washington.
D, C. 1939.

9 M. V., Givens, Using a Method of Self-Instruction in the Third Grade in Learn-
ing the Thirty-nine Mare Difficult Multiplications. Masters' thesis on file in the
office of the Graduate Council, West Virginia University, Morgantown. 1939,
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extended Mr. Michacl’s study in the case of fifty-four third grade
kxupils in two clanentary schoois in Marion County, West Virginia,
Mo Givens taught his pupils a method of finding the answers to the
thirty-nine multiplications whose products are twenty-one to eighty-
one, ‘The method was that of grouping into tens. “Thus. in the mul-
tiplication, fowr nines, the process taught was to group the nines
into tens and to count the tens, The procedure in thinking was:
“Four nines are three tens and six. Four nines are thirty-six.” Ry
ilustration and explanation the point was made that the mubtiplica-
tion, four nines, asks, “Four nines are how many wensy”

TR R H

Following instruction in the method, the pupils were given practice
in using the method to determine each for himself the answers to as
many of the thirty-nine multiplications as he had not as vet learned.
‘The practice was individual. Each multiplication was indicated on
the obverse of a small cud, and on the reverse the grouping into tens
was shown by means of dots. The pupil looked at the indicated mul-
tiplication on the front of the card and, if he could not give the
answer, he looked at the grouping on the back and determined the
answer, as indicated above, and gave it thus: “Four nines are three
tens and six. Four nines are thirtysix.,” This he did once cach day
with each multiplication, cach on its card in a pack, until he had
exhausted the pack. Each day the pupil went through the cards of
the pack until he had masteved all the multiplications. The criterion
of mastery was the correct answer without looking at the back of the
card on four successive days. Each answer to be counted had o be
given in the time the teacher took to count one, fwo, thiee, four to
himself. A daily record was kept of cach pupil's answers,

‘The general character of the responses of the pupils is described by
Mr. Givens, as follows: '

As the instructor worked with each pupil individually, it was in-
tevesting to note the development of two Kinds of competition. First,
the pupil was cager to surpass his record for the preceding practice,
Invariably he would ask, “tlow many did I get vight?”  When told,
he would compare his achicvement with that of the dav before, and
if noticeable improvement had been made he would express satisfac.
tion. The second kind of competition was that between individuals
and the group. Often someane would ask, “Who is ahead:" Another
question frequently asked of other pupils was, “How many multipli-
cations do vou know:" '

The attitude of the pupils in general toward the work was excep-
tionally goad. This was shown by their cagerness to participate in
the learning activity, No wmging was necessitey, for the pupils worked
diligently at their assignment,
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‘The general reactions of the pupils to the method of self-instruction
are indicated by some of their remarks, such as the Iollowini;:

“No one has to tell me the answer, 1 can find out for myself.”

“"I'he fives are casy to change to tens.”

“You have more tens when the numbers (the factors) are big."”

“Some ol them are hard, but you don't have to tell me. 1 can count
the tens and ones,”

“1 1 forget, I can find out on the back.”

"“I'he answers are in dots. They help me to remember.”

“1 wish 1 could take these cavds home. I'd learn them real quick.”

"hese are so easy 1 can learn them by myselt.”

Certain of the author's conclusions are indicated thus:

‘T'he ninety-four pu*)ils in the two grougs required a total of seventy
thousand three hundred cighuy-six (70,386) responses to learn the
thirty-nine more difficult multiplications, or an average of approxi-
mately nineteen and two tenths (19.2) responses per multiplication.
However, on the average, approximately thirty and four-tenths prac-
tice periods, during cach of which all thirty-nine multiplications were
studied, were required to learn satisfactorily the thirty-nine multipli-
cations, C(mscqucntlr during each of these Fraclice periods an aver-
age ol approximately one and three-tenths multiplications were
learned.

LT'he greatest number of responses required by any pupil on the
multiplications as a whole was one thousand four hundred eighty-nine
(L48Y), and the lcast number of responses necucd by any pupil was
two hundred thirty-seven (237). The least number. of practices re-
quired by any pupil on any multiplication was four, and the greatest
numnber of practices required by any pupil on any multiplication was
sixty-four. “T'he average number of responses by individuals on the
multiplications as a whole range from six and’ one-tenth to thirey-
cight and two-tenths.

While the disparity in the amounts of practice required by the in-
dividuals of the two groups is conceded, tn no case does the amount
of practice aprcar indefensible. Instead, it suggests the desirability
of methods ot learning which can be adapted to individual needs.

It is lughly significant that the ninety-four pupils were successful in
learning the method of self-instruction, and that by this method ecach
pupil taught himself the thirty-nine more difficult multiplications,
‘That the pupils not only learned the multiplications but also enjoyed
the klcarmng activity was manifested by their attitude towar({ the
wark,

Many interesting analyses of the responses of pupils were made pos-
sible in the course of the experiment. and the experimenter arrived
at a number of intercsting observations. With ali these we have no
occasion here to deal. It will be sufficient merely to repeat a caution
of the experimenter in a statement of his purpose. He pointed ou
that his purpose was not to demonstrate the superiority of his method
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of self-instruction over other methaods, nor to offer it in substitution
for methods of practice and drill. e merely wished to try out the
method to discover if pupils could learn it successfully, He did ob.
serve, however, that after his lpupils had used the method to discover
and verily products, they tended to abandon the method as the prod.
ucts began to become habituated.

An experiment with retarded pupils. During the school year
of 1939-40, W, P, Cunningham' used the mcthod of self-instruc-
tion, just described, with 40 retarded pupils in grades four, five,
and six, He reports that the pupils all learned the method
without difliculty and used it with interest and success to teach
and reteach each to himself the unlearned or forgotten multi-
plications.

Other illustrations. Following arve other illustrations of instruc-
tion in mecthods of thinking.

Reference has been made to the elforts of a teacher in the fifth
grade'! to call to the attention of his pupils the significance of the
idea af size in dealing with fractions. “T'he result was that his pupils
all became conscious of size in considering the expression of a frac-
tion. How large is each partz Ave the parts in this fraction larger
or smaller than the parts in such and such other one? How much
larger? How much smaller? Sucht questions as these became questions
which needed answering. Finally, when the pupils moved ahead to
the addition of fractions, they were aware of the importance of chang-
ing the hractions to be added to "parts of the same size.” To illustrate,
when their teacher suggested proceeding at once to the addition of 3
and 2y, he was called to a halt by the admonition, “We have to get
them 1o the same size, because you can’t add fractions unless they
have a denominator of the same size.”

In an attempt to develop a method of instructing his pupils in the
distinctions between the “three kinds of problems” in fractions and
decimals out of their successful and unsuccessful ways of responding
ro such problems, a teacher in the sixth grade!® tound that instruction
in the ('()lll{)lllilli()n:l] processes left the pupils dependent upon him to
mitke the dedisions about what process to use in a given case. He sat
down with cach pupil and tried to encourage him to “think aloud.”

e W, P. Cunningham, Teaching Retarded Pupils a Method of Self-Instruction
i Multiplication. Master's problem on file in the office of the Graduate Council,
West Virginia University, Morgantown, 1910,

i Dotson, op. cit,, p. 12,

12 Rex M. Smith, Methads of Learning (o Make Distinetions Between the Three
Kinds of Problems in Fractions aned Decimals in Sixth Grade Arithmetic, Master's
problem on hle in the office of the Graduste Council, West Virginia University,
Monzantown, 19387,
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Then in terms of the way the pupil seemed to be thinking, the
teacher undertook to point out and describe the distinctions. His
wpils had no trouble in distinguishing the “second kind” of prob-
lem. ‘Their difficulties in the main were two in number: They were
uncertain about the divisor and dividend in the “second kind” of
Problem. and they had no ready means of distinguishing between the
‘first kind” and tIle “third kind” of problem. The distinctions taught
were as follows:

1. When you are asked to find what part one number is of another,
wut the number being asked about in the numerator or the dividend.
I'his is the “second kind"” of problem.

2. When a part is given of a number that is given, multiply by the
part. This is the “first kind” of problem.

3. When a part is given of a number that is not given, divide by
the part. "This is the “third kind” of problem.

Through individual and group instruction the pupils were made con-
scious of these distinctions, and they became still more conscious of
them as they attempted to note distinctions. In their practice ex-
ercises, if the problem was the “second kind,” they asked themselves,
“What is the number being asked about?” and they looked for this
number. If the problem was not the “second kind,” they asked them-
selves, “Is the per cent of a number that is given, or of a number that
is not given:"’ and they looked to see if the number in question was
present or absent. They were not always successful. They made mis-
takes; that is, they made incorrect decisions. But thinking was_pres-
ent, even when their objective responses counted for nothing. Look-
ing for distinctions was number thinking, when the effort was un-
successful as well as when it was successful. Having in mind what to
look for contributed to appreciation of discovery even when they
needed help in making it. Over a period of eight weeks the pupils
reduced their errors, as indicated by objective tests, 66 per cent. The
teacher had cause for thinking that the consciousness of distinctions
among his pupils had improved beyond what was indicated by their
objective responses.

A somewhat similar study of learning activity was carried on by an
clementary school principal'® among sixty-nine pupils in his eighth
grade. Here the effort was made to teach pupils how to look for and
to make distinctions between the “three kinds of problems in per-
centage.” The method of instruction was the same as was pursued
by the sixth grade teacher in pointing out distinctions between the
“three kinds of problems” in fractions and decimals, and the results
were much th- same.

In his preliminary testing at the outset of his study, the principal

13 F. D. Robinson, Learning to Make Distinctions Among the Three Types of
Problems in Percentage. Master's problem on file in the office of the Graduate
Council, West Virginia University, Morgantown. 1939.
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seemed to find among certain of his pupils evidence of an ability
which he later discovered they did not possess, For example, he found
that certain pupils solved corectly a number of examples and prob-
lems whidh required the finding of the per cent one number is of
another, but were in contusion on other similar examples and prob-
lems. “The test seemed w show considerable ability, but not mastery.
Upon later inquiry, his pupils revealed the seeret of their methods.
Some followed the rule: “Always divide the smaller number by the
larger,” and others followed the rule: “Divide by the number’ that
comes alter of.” “I'he former group did not understand why their rule
which produced the right answer most of the time did not produce
the right answer all the time, and the latter group was always in
confusion when the statement of a problem made o free a use of the
distinguishing preposition, “This gmu}) was disconcerted by the of in
problams that dealt with flocks of chickens, barrels of apples, and
bushels of potatoes, Among both groups, number thinking had lagged
far behind its objective manifestations,

Following instruction in how to look for distinctions, the pupils
were given practice in looking for and trying to make distinctions.
As was the case witlh the pupils in the sixth grade whose cltorts have
just been desaribed, they oo were not always successful in noting dis-
tinctions, Nevertheless, their ideas of what they were to look for were
sufhciently clear for them to recognize discovery when their teacher
or their classmates had to give help in making it. Over a period of
nine weeks they reduced their errors 73 per cent. Here again, there
was cause for thinking that the consciousness of distinctions had ine
proved bevond what was indicated in the objective responses which
were readily measurable,

Distinguishing between what should be taught and what should
be self-taught. Running through the discussions which have just
been concluded is the suggestion of a paradox between the
instruction of the teacher and the learning of the pupil. On the
one hand, the instruction of the teacher may lead to dependence;
on the other, the Tearning of the pupil may involve much wasteful
cflort and lead to confusion. But the teacher must instruct, and
the pupil must be much more than a receptive learner. ‘T'he
systematic character of arithmetic imposes the former require-
ment, and its subjective character imposes the latter. Yet a paradox
need not exist, for in the total make-up of arithmetic are methods
of work, which may be learned most expeditiously through direct
instruction, and the products of such methods, which result only
from individual usage. The teacher's responsibility is to teach
methods of work and guide pupils in their use of methods; the
pupil’s responsibility is to use the methods and thus to teach
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himself their products. The teacher’s problem begins with the
questions: What are methods? What are products?

Partial answers to these questions have already been given and
others may be suggested for illustration. Thus, the teacher should
teach counting. but the pupil may use counting o determine for
himself the sizes of groups. The teacher should teach the analysis
of groups, but the pupil may use analysis to teach himself the
various subtractions and divisions. The teacher should teach the
synthesis of groups. but the pupil may use synthesis to teach him-
self the various additions and multiplications. The teacher should
teach the special groupings into tens, but the pupil may use these
special groupings to teach himself step by step the more complex
processes. The teacher should teach the comparison of parts, but
the pupil may use comparison to teach himself the sizes of parts
and the relations between them. The teacher should teach the
distinctions between the so-called three cases of percentage, but
the pupil may use these distinctions to teach himself the special
use of the idea of per cent in a given situation. The teacher
should teach methods of work, but the pupil may become his own
best teacher through his use of the methods.

VI IN SUMMARY! A THEORY OF INSTRUCTION

Number thinking is a part of the total experience possible for
the individual in many of the situations of his daily living. He
must bring the thinking to the sitnations; otherwise the situations
are powerless to stimulate the thinking which gives them clarity
and exactness. Number thinﬁng;.\tlwrcforc, must be cultivated
in advance.

Number thinking is introdnced and carried along by reference
to personal experiences already gained which give it meaning.
Without meaning. the procedure is rontine, and not thinking.
Morcover, number thinking is not in isolated bits, however much
one may be able to analyze it once he has learned to engage in it;
it is rather a unity, a svstem, a scrvies of sequential relations. It
is a process which develops through ordered methods.

‘Teachers may teach the pupil methods: it is a subversion of the
purposes of instruction to permit the pupil to develop haphazard,
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unproductive, and confusing methods in his own way. The pupil’s
responsibility is to learn the methods and to use them as means
of developing his own number thinking. Teachers cannot do the
pupil's thinking for him. The number thinking that the pupil
learns, therefore, is in a very real sense the product of his own
self-instruction,



Chapter VI

ARITHMETIC IN THE SENIOR HIGH SCHOOL

BY HARRY E. BENZ
OHIO UNIVERSITY

I. A NEW EMPHASIS FOR ARITHMETIC

HE purpose of this paper is to explore the possibilities of
Tteaching arithmetic in the senior high school. Some readers
will at once recall that this is being done, and may wonder why
time and space should be devoted to a discussion of the desirability
of a practice which is already accepted. However, the procedure
to be recommended is not so commonly followed as some may
believe; furthermore, the fact that a proposed educational reform
is already established practice in some schools does not argue
against advocating the extension of such a reform. This should
be continued until the proposed revision of procedure either has
been adopted as good practice in a considerable number of school
systems with a comprehensive, critical, scientific program of
curriculum revision, or has been scientifically evaluated and sub-
sequently rejected by an equally significant number of schools
of the same type. It can be a.-erted with confidence that neither
of these two procedures is descriptive of the situation with refer-
ence to the proposal herein advanced. This will become more
apparent as the thesis is particularized, definitions are advanced,
and practice is described in terms of the objectives which the
proposed program is supposed to achieve.

More arithmetic. The reader may well be on his guard against
what may seem to be just another proposal on the part of repre-
sentatives of subject-matter interests to extend the beneficent
influence of their subject by adding a course in that field to the
already overcrowded high school curriculum. This charge is fre-
quently made, and it is recognized that the proposal herein made¢
invites this criticism. The situation should be recognized. In the
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present instance it may well be admitted that the merit of the
proposal should he judged by independent curriculum experts
who are not especially interested in the subject, but rather in the
curriculum as a whole, and in its influence on the development
of the child. It is believed that this proposal possesses merits
which will make it appeal to critical and informed students of
education, regardless of their subject-matter afliliations. If it
cannot command support from such individuals, it certainly
should not become part of the curriculum as a result of either
more persistent vocalization or more skillful maneuvering on the
part of its proponents.

Varieties of approach. Further disclaimer of the intention on
the part ol proponents of this material to expand a subject-matter
ficld still further may be found in the fact that the suggested
objectives can be achieved without resort to another course in
the high school at all. It seems likely that the probability
of seccuring the desired results would be greater if a new course
for the high school could be set up. But a new course is not
absolutely necessavy. It is simply proposed that certain material,
conveniently designated by the word “arithmetic,” be aught on
the senior high school level. There are at least four ways of
accomplishing this. The first is through the medium of a course
set up for that purpose. Such a procedure is most likely to be
successtul in - a school with rather definite preferences for the
organization of learning into the usual course classifications, and
with the content of these courses well circumseribed by relatively
rigid courses of study, custom, or teacher conservatism. A second
method of achieving the desired results is to incorporate the
material in other courses in mathematics. Such a procedure will
necessitate a flexible organization of subject matter and a will-
ingness to make careful comparisons of values. A third possibility
is to include the material in other courses in which it might
logically fit. It seems a bit difficult to understand just where
some of the material later to be proposed will fit, but much of it
can no doubt be worked into courses in economics, government,
home economies. industrial arts, and others. In addition, many
high schools are now experimenting with new courses which do
not fit into the older categories very well, but which involve
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socially useful material which is deemed worth teaching, Many of
these subjects have mathematical aspects which could be illumi-
nated by a consideration of some of the topics indicated below.
A fourth method of achieving the results intended, available only
to those schools which happen to have a curriculum organization
which ignores or greatly minimizes the importance of the older
subject classification, is to present the material desired through
the medinm of activities which transcend the usual subject
boundaries. Similar adjustiments could be made in the use of a
core curriculum or any of the muny variations of the integrated
curriculum gradually coming into experimental use in many pro-
gressive high schools.

The approach to the problem is theoretical rather than ex-
perimental. Very little experimentation has been found, the
conclusions of which have implications for the problem at hand,
but certain arguments seem to have significance and validity, and
these will be examined.

At first thought the proposal advanced above seems to be a
suggestion for revision of the grade placement of curriculum
material. It is that and more. Since it is that in some mecasure,
the broad problem of grade placement will be involved.

II. SPECIFIC SUGGESTIONS AS TO TYPES OF MATERIAL

Attention should be directed at once to samples of the kinds
of material which are being suggested for inclusion in the cur-
riculum of the scnior high school. Practically none of the material
herein suggested is the product of the writer's ingenuity. Most
of it is collected from textbooks in arithmetic, textbooks intended
for use in other branches of mathematics, books on the teaching
of arithmetic or high school mathematics, and miscellaneous dis-
cussions of the teaching of arithmetic.  Contributions to the
development of the point of view underlying the presentation of
some of this material have been made by many other writers, as,
for example, by Buckingham and Buswell in the Tenth Yearbook
of the National Council of Teachers of Mathematics. and by
these and other individuals in many other writings. too numerous
to mention. It should be noted, however, that many of these
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discussions have presupposed that the material suggested would
be taught in the upper grades of the elementary school, or in
the junior high school. No comprehensive survey of practice is
available which would indicate the extent to which this is being
done. The suggestion that this material should be taught in the
senior high school need not deter teachers in the upper grades
from making such contributions to the achievement of the objec-
tives as conditions will permit. It should be noted that only
“samples” of possible kinds of material are here presented. The
classroom teacher reading this Yearbook would no doubt prefer
a syllabus, or a comprehensive outline of proposed material. To
write such a syllabus at this time would be impossible. and even
to attempt it would be presumptuous. To expect such a specific
suggestion is to misunderstand the purpose of the chapter. That
purpose is to call attention to certain possibilities with reference
to the inclusion of material commonly called “‘arithmetic” in the
program of the senior high school and to illustrate the various
types of material which are available.

Several types of material may be included in the arithmetic
presented in the senior high school. Four of these will be dis-
cussed in turn. The first may be called for want of a better term,
applied arithmetic. This may emphasize computation, or infor-
mation, or both. The second type of material will be concerned
with arithmetic as a science, as a branch of mathematics, as a
system of ideas. Much of this material has values more cultural
than practical; but it may w-1l contribute to insight into many
of the phenomena of life, as well as insight into the nature of
arithmetic. The third type of material really represents a union
of the ideas involved in the first two. Some study may be made
of the everyday applications of number science—how an under-
standing of the nature of the number system and of number
science meets certain needs of everyday life, and how the nature of
the number systein conditions the nature of arithmetical processes.

The fourth group of topics includes those which are presented
primarily because of their interest values. They will accupy a
more prominent place in an elective course than in a required
course; they will bulk larger in those curriculums which are not
primarily practical than in those which have a vocational em-
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phasis. Many of these items should be found in optional, supple-
mentary work of individual pupils.

Applied arithmetic. Consider first the possibilities in the field
of informational and social arithmetic.

At this point some explanation may well be made relative to this
term “applied arithmetic.” Many readers will begin to think in
terms of the “application of the four fundamental processes to con-
crete situations.” But it is precisely this somewhat restricted con-
ception of applied arithmetic which has been criticized as being
somewhat too narrow to be maximally fruitful. It is erroneous
to think that a person is “applying” arithmetic only when he is
engaged in performing one of the four fundamental operations
with a pencil, or, for that matter, performing it mentally. He
is also applying his arithmetic when he selects the process to be
used, when he makes rough approximations, or when he simply
appreciates the mathematical relationships and mathematical im-
plications in what he experiences or in what he reads.

This is all closely re'ated to the matter of “meaning” in arith-
metic, which is given considerable emphasis in this Yearbook.:
Further elaboration of this viewpoint is not necessary here, but
will be found in other chapters. Suffice it to say that only that
individual who has learned the meaning of number processes and
number relationships is able to make the maximally effective use
of “applied” arithmetic.

Consider first, as a sample, the subject of taxation. As pointed
out in other chapters in this Yearbook, much of the material now
taught in arithmetic is characterized by a type of approach much
more characteristic of work in the social studies than in mathe-
matics. The rcader will note that much of the material here
suggested fits this description. It is believed that the reader will
also see possibilities in this material which can be realized some-
what better if the subject matter is studied in the senior high
school than if an effort is made to interest children on the eighth
grade level in it. Under the general topic of taxation such matters
as the following may be studied:

1. Kinds of taxes,
2. Just what is taxed by cach kind.
3. Who finally pays each kind of tax.
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4. Passing taxes on to someone clse, finally on to the elusive “ulti-

mate consumer.”

How taxes “pyramid.”

Taxing various groups: consuners, manufacturers, the rich, the

poor, motorists, middlemen, government employees, etc.

The political implications of various kinds of taxes. Why it

is relatively easy to tax many people small ainounts.

‘Tax-collecting machinery: state, federal, local.

Tax limitation laws and counstitutional provisions: their value,

their harm.

10. Taxes as fecs for services.

11. Taxing frugality, thrift, enterprise, inventiveness.

12, How tax money is spent: a study of governmental budgets.

13. Taxes which save money; e.g., new fire fighting equipment may
reduce insurance premiums.

14. “Hidden” taxes.

e N oo

A similarly extensive study could be made of the subject of
insurance, with attention given to phases of the topic which are
now neglected for reasons indicated above. Attention could be
given to such matters as the nature of an insurance estate, the
disposition of the proceeds from an insurance policy, kinds of
insurance suitable for special purposes, and the savings featurc of
life insurance policies.

As another illustration of a broad topic which might be of
interest and value to high school pupils, we may consider the
arithmetic of leisure. Much has been written on the subject of
leisure in recent years, and it is gencrally believed that people
have much more of it than ever before. There is much concern
over the apparent disinclination of people to use this time in ways
which certain persons consider important. Little attention has
been given to the fact that to spend leisure time profitably and
“constructively” costs money. Vacations are expensive approxi-
mately in proportion to their value in meeting acceptable criteria
for the spending of leisure time. The following points are merely
suggestive of a vast area which has been quite untouched in our
curriculum:

1. Automobile touring vacations
a. Planning auto trips
b. Reading and using road maps
c. Selecting routes
d. Computing driving costs
e. Computing living costs on the road
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2. The cost of hobbies

a. Fishing: license, equipment, transportation, etc,

b. Stamp collecting: stamps, equipment, membership in stamp
clubs, subscription 10 2 journal, corvesponding with others
interested in the same thing

¢. Attending basehall games: “following the team,” admission,
transportation, buying a program, buying newspapers to get
the news

d. Playing golf: cquipment, clothing, green fees, club dues, caddy
fees, balls, locker fees, tips, transportation, wagers.

The whole field of consumer education has received so much
attention recently that no discussion of the possibilities in this
area is necessary in this paper. From the standpoint of arithmetic,
the topic to be presented would probably be “The Arithmetic
of Intelligent Purchasing.” This will include such considerations
as the purchasing of “dressed” vs. “undressed” chickens, forming
accurate judgments relative to the size of containers of various
shapes, the purchase of “ready-packed” ws. “counter-packed” ice
cream, and a whole host of similar problems. The reader will
be left to consider for himself other possibilities in this area.
As a sample of an important topic, which some might consider
within the arca of consumer education, while others would not,
we may suggest a topic. “The Arithmetic of Real Estate.” Among
the topics to be considered would be the following:

Factors aflecting the value of land

Factors affecting v value of a building, especially a house

Rates of depreciation of houses

Ways of determining the value of property

. The relative cost of owning and renting a home

b. Interest on mortgages

7. The legal status ol mortgages

8. The resale value of property

9. Taxes and assessments on real estate

10. “The arithmetic involved in house building: architect's fees, sur-
veyor's fees, when to pay a contractor, where and how to borrow
money. F.FLA. plan, cost of various plans of houses, planning

the most cconomical heating system, etc.
Il. How dity property is surveyed, measured, and described.

S ¥ e 5 1S —

Suflicient attention Las not been given in discussions of the
arithmetic cutriculum to the cultural possibilities inherent in the
study of the arithmetic of specialized vocations. There was much
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of that material in the older arithmetics, but most of it has been
eliminated. It was originally included because of the prevalence
of an economy in which many persons performed for themselves
certain tasks which were expedited by a knowledge of the
arithmetical topics in question. Papering offers an illustration,
Formerly many persons hung their own wallpaper (some still do).
In time the topic was eliminated from arithmetic textbooks
because of the belief, perhaps correct, that not enough persons
still hung their own paper to justify the inclusion of the topic.
It was also believed that such of the pupils as did use this ability
in loter life would have forgotten what they learned in school by
the time they nceded it, or would be able to figure the thing out
for themselves if they had not had the study. It was alleged
that professional paperhangers did not make their computations
according to the methods which the book used. The critics usually
overlooked the irrelevance of this last point.

Interest here is in the informatiuaal values to be derived from
the material in question rather than in the contribution which
it may make to vocational effectiveness. It is not unthinkable
that the items here under discussion may have value from a guid-
ance point of view, and certainly some insight into how people
in various occupations perform their duties is part of the equip-
ment of an intelligent person. Only a few illustrations can be
given. Some insight into the arithmetic which a farmer uses may
well be part of the cultural equipment of the urban consumer of
farm produce. The computation of butterfat yield by cows, the
study of formulas having to do with mixing fertilizer ingredients,
and the way various kinds of farm products are measured and
weighed when sold, are suitable topics for investigation. At the
moment of writing it is veported that the corn-hog ratio has
changed so that it is more profitable for farmers to sell corn than
to fatten hogs with it. An appreciation on the part of urban
dwellers that one of the farmer's problems is to try to predict this
ratio a year in advance might contribute to a more sympathetic
attitude toward government efforts o alleviate the plight of
agriculture.,

Many occupations have their peculiar computational practices.
Many of them offer opportunities to use arithmetical skills which
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we try to teach, and arithmetical concepts which we deem im-
portant. The motivational values here should not be overlooked.
As a final illustration, printers like to use paper of such a shape
that the ratio of the length to the width is equal to the square
root of two. A sheet of this shape may be folded any number of
times, and the resulting shape is the same. The values of an
item of this kind in developing an appreciation of the mathe-
matical relationship involved are at once apparent,

Another group of problems in the field of social arithmetic of
a type beyond the comprehension of elementary school pupils
may be found in the field of solid geometry., Most present-da:
textbooks in that subject contiain many computational problems
involving the measurement of solids. It is not necessary for the
pupil to have memorized the relationships involved, or to be
able to demonstrate their truth logically in order for him to

make the computations and derive at least some of the apprecia-
tional value which the material contains.

Space does not permit more than a passing reference to the
whole field of financial arithmetic. The mathematics of finance,
of course, can easily go beyond the limits of a course in arithmetic.
However, there are important sections of the subie<t which are
primarily computational in their nature. Much can ve done with
the topic by pupils who have made no formal study of algebra;
still more can be done by those who have studied the amount of
algebra now normally expected as a part of the usual junior high
school mathematics program.

Numbers and processes. Much is said in this Yearbook about
teaching arithmetic for “meaning.” There are many ways i
which meaning can be brought into arithmetic teaching, It is
especially important, both fxom the standpoint of broad cultural
objectives and from the standpoint of facility in computation,
that pupils be brought to a high level of understanding relative
to the rationale of the computational processes. Teachers in the
grades in which the manipulative skills are taught are now being
urged to give the pupil as complete and comprehensive an insight
into the nature of these processes as is possible. Many teachers find
it very diflicult to do this as well as they would like. It may be
that insuflicient mental maturity is responsible for this difficulty.
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If a course in arithmetic is offered in the senior high school, some
attention may well be given to this matter of the rationalization
of the fundamental processes. First the teacher may attempt to
determine to what extent the pupils possess a respectable com-
prehension of the reasons for carrying on thesc processes as they
do. If investigation reveals that the pupils do not possess enough
insight, some time and attention may well be given to the problem
of remedying the situation. In any case it seems quite reasonable
to expect a marked enrichment in the pupils’ understanding of
arithmetic as a result of giving some attention to this problem,

Much controversy can be stirred up by a suggestion that atten-
tion should be given to the general subject of number theory.
It is not suggested here thar the high school student should be
given an introductory course in that difficult and involved branch
of mathematics which is usually designated by that title. But
some understanding of the nature of the number system and how
it works, its internal structure and its functioning, may well be
taught in schools. Some attention will bhe given to this in the
elementary school if suggestions for presenting material which
are made in other chapters of this Yearbook are followed. A
study of the nature of avithmetical processes, and the numbers
and number relationships which are utilized will lead to the
objectives here proposed. Some study of a number system on a
non-decimal base should be included. Ways of performing the
ordinary computations different from those now usually taught
often throw light on number relationships. Ainong these the
following may be suggested: adding by writing sums for various
columns in their entirety, thus avoiding carrying, then adding
the partial sums; dividing fractions by reducing to a common
denominator and then dividing the numerators; multiplying by
reversing the order in which the digits in the multiplicr are used;
and performing long division by subtracting. as a calculating
machine does it. These and manv other variations of computa-
tional processes can throw light on the nature of computation and
the number system.

Applications of number theory. Perhaps the nature of the
number svstem can be better understood from a study of certain
applied topics which have been included in the third classifica-



Arithmetic in General Education 129

tion. Certainly a study of logarithms and the slide rule would
find a place among the topics proposed for study. Interpolation
is a4 more conumen etivity in everyday life than many realize;
it is often necessary in reading a railway timetable and is a com-
mon mental activity among those who peruse road maps. This
would indicate that its study should not be limited to the con-
ventional uses which are found in the classtoom when using
mathematical tables. Attention has been called elsewhere to the
understanding of the number system to be derived from a study
of the use of letters on automobile license plates, and the various
library classitication systems.!

In this connection something should be said about the im-
portance of providing some education in the applied mathematics
of chance. We seem to be engulfed by a veritable wave of schemes
of various kinds which depend for their effectiveness on the
average person’s ignorance of the most clementary notions of
probability.  Unnumbered  individuals purchase “bank-night”
tickets in order to participate in a drawing for a cash prize, who
have slight interest in the picture being shown, or indeed do
not attend the performance at all. “Pot-o"-Gold’ schemes of
various kinds are rampant. Slot machines take their toll of nickels
and dimes from persons who can il afford to lose the money.
Radio programns cater to the public interest in getting something
for nothing. It would scem that some actual experience in tossing
coins, dealing cards, and studying permutations and combinations
might contribute to social welfare by teaching children just how
their intevests are involved in these schemes, Tt is not to be hoped
that gmnbling can be clintinated from the world by a revision of
the school curricuhum, but perhaps people can be educated to
protect their own interests even when they simble, A study of
the mathematics of chance might also protect people from super-
“titions. It scems quite probable that oneseventl of all bad luck
occurs o Friday, and that about one-thirticth of it occurs on the
thirteenth of the month.

Interest values. Under the fourth heading we may consider
topics which do not classify ctherwise, or which are of value

PGuy L Buswell, “Ddalened Atithmetic,” The Mathematies Teacher, 31195,
May, luis,
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chiefly for purposes of stimulating interest. Certain historical
items having to do with arithmetic and the study of arithmetic
may be mentioned; for example, Nicholas Pike’s arithmetic in-
cluded a section dealing with changing the currency of New
Hampshire to that of Connecticut. “Foreign Lxchange” appar-
ently was closer home in those days than it is today. How the
Romans computed with their unwieldly numbers might interest
some youngster. A study of the abacus, Napier's rods, and other
historical items might be included. Mathematical puzzles and
mathematical recreations are available in unlimited numbers.
Many pupils will be interested in noting everyday exceptions to
the arithmetic taught in school. For example, on the financial
pages 106.27 does not mean what it is usually considered to mean
in textbooks. The 27 is the numerator of a fraction whose
denominator is 32. Baseball standings are usually referred to as
“percentages” although they are expressed to three places, and
many newspapers o not bother to print the decimal point,
Finally, is a “batting average” an average or is it a ratio?

Only a few suggestions have been made to indicate the wealth
of material which is available to add interest to the study of
arithmetic on a higher level than that of the elementary school.
Skillful teachers will find many additional items. Other sugges-
tions have been made for the presentation of a large amount of
material which will have social value, and which it is believed can-
not be adequately treated in the elementary school.

III. THE QUESTION OF GRADE PLACEMENT

Some may believe that arithmetic is an elementary school sub-
ject, and as such has no legitimate place in the high school. Such
a position reveals a lack of knowledge of the history of the subject.
A brief summary of this history may be appropriate at this point
in our discussion.

With due regard for qualifications which are necessary for a
complete understanding of the situation it may be pointed out
that arithmetic was at one time a respected and honored subject
for study in the college. In that famous classic of early American
educational history, New England’s First Fruils, we find arith-
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metic listed among the studies of the third year for Harvard
College. Moving from the seventeenth century to the nineteenth,
we find arithmetic listed as one of the required branches of
study in the freshman year at Ohio University in 1825. Reverting
for a moment to the situation in the seventeenth century, it
seems quite reasonable that a requirement in arithmetic should
have becn included i the college curriculum. Not much is
known about the secondary school programs of that day, but they
contained very little besides the study of the classics. A complete
program of the Boston Latin School for 1789 makes no mention
of any branch of mathematics; neither is any knowledge of
arithmetic assumed for entrance. Inglis says that arithmetic was
introduced sometime between 1814 and 1828.2 This statement
should not be taken to represent the first appearance of arithinetic
on the secondary level. But the conclusion seems justified that
arithmetic was taught on the college level because little or none
of it was learned before. and that little must have been of a very
elementary type. Kandel reports that arithmetic made its first
appearance as a college entrance requ'rement in 1745% and he
refers to it as “common arithmetic.” The academies introduced
arithmetic as a subject of study somewhat earlier. Certain private
tutorial schools seem to have made the study of this subject
available as early as 1700. One description of a school listed
among the studies available “Arcthmatick, whole Numbers and
Fractions, Vulgar and Decimal.”* This emphasis is of course
entirely understandable in light of the predominating philosophy
of the academy.

No definite date can be given for the first appearance of arith-
metic in the clementary school, nor for the time when it had
come to be established as an elementary school subject. In an
age of flexible curriculums, when adaptation to pupil needs
was accepted practice rather than defensible theory, there was
much variation in practice. Several brief quotations from Parker’s
book are instructive. In 1789 “arithmetic . . . was often taught

* Alexander Inglis, Principles of Secondary Education, p. 165. Houghton Miffin,
Boston., 1918,

AL L. Kandel, History of Secondary Educalion, p- 122. Houghton Miflin, Boston.
1918.
+1bid., p, 169,
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in the elementary schools.” *“Very few teachers were competent
to teach more than the fundamental operations.” “The arith-
metics of Nicholas Pike of Massachusetts were famous. Pike’s
complete work, containing five hundred twelve pages, with a
rule for nearly every page, was used in the grammar schools and
universities. An abridged edition issued in 1793 was intended
for the elementary schools. . . .” “The curriculum of the Ameri-
can elementary school down to the American Revolution included
reading and writing as the fundamental subjects, with perhaps
a little arithmetic for the more favored schools.” ¢ It may be noted
in passing that even in arithmetic an abridged edition of a text
intended for college use was considered suitable for use in the
elementary school.

Eventually, however, arithmetic came to be stabilized in the
elementary school. It became one of the basic subjects of study,
ranking with reading and spelling in importance in the minds of
teachers and public. It practically disappeared from the high
school. At least it ceased to appear 1n the form in which it had
appeared previously, namely, as a first course, involving instruc-
tion in the fundamental operations together with their appli-
cations, for pupils who had received alinost no previous instruction
in the subject.

Division of labor. In the last century or two we have witnessed
a curious division within the field of mathematics. Much has
been written and much has been said about *correlated mathe-
matics™ or “fused mathematics.” The division of mathematics
into discrete branches, as it has been taught in American high
schools for the past one hundred years, is a comparatively new
development. Euclid’s “Elements” included much material which
we now classify as algebra and arithmetic. But somehow, high
walls came to be erected between these branches of the subject,
and the typical algebra course of 1900 was about as completely
innocent of anything arithmetical as it could be. Many courses
did not take up even the most obvious numerical applications
of algebra, such as, for example, finding the product of 48 and 52
by the algebraic technique of finding the product of the sum and

3S. C. Parker, The History of Madern Elementary Education, pp. 83 ff. Ginn and
Co., Boston. 1912,
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difference of two numbers. Geometry also was purged of all
references to other branches of mathematics, and in many courses
even numerical applications were ignored. Thus arithmetic came
to be overlooked as suitable material for study in the high school,
either as a separate subject or as a branch of the subjects of
algebra or geometry, and so far as mathematics was concerned
the high school devoted itself to the pursuit of these “advanced”
subjects, leaving arithmetic to the elementary school. The ele-
mentary school, at the turn of the century, was strictly minding
its own business, giving its pupils as extensive and comprehensive
a mastery of arithmetic as the time available, the intellectual
capacities of the students, and the limited knowledge of the
dynamics of learning would permit, but carefully protecting them
from exposure to those other mathematical studies, the teaching
of which had come to be associated with secondary school prac-
tice. Thus there grew up the idea that arithmetic was properly
an elementary school subject, and that it did not belong in the
high school, while algebra and geometry were thought to be more
suited to the mental powers of secondary school pupils. This
somewhat unfortunate division of labor became accepted and
continued to represent common practice until the inception of
the junior high school movement made possible a new attack on
the problem of the redistribution of subject matter. This, how-
ever, was more effective in bringing small amounts of algebra
and somewhat larger amounts of geometry into the seventh
and eighth grades, than in moving arithmetic into grades above
these. Up to the present time the general inathematics move-
ment has had relatively little influence on the grades above the
eighth grade.

IV. CONSIDERATIONS RELATING TO PROPOSED MATERIAL

Dichotomy. The title of this paper, and the general trend of
the discussion up to this point, would seem to imply a point of
view held by many high school pupils, namely, that arithmetic
and mathematics are two separate and distinct, even though
related, branches of knowledge. The proposal here made is that
arithmetic be given more attention as a high school subject. It
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ha- been pointed out how before the beginning of the junior
hign school movement the division of labor between the elemen-
tary school and the secondary school with reference to work in
mathematics was quite definite. Consequently, many pupils over-
looked the fact that arithmetic was a branch of mathematics,
closely related to these other branches. And an arithmetic-
mathematics dichotomy arose which was not to be completely
dissolved cven by the correlation movement of the last two
decades.

[t should not be understood that the proposal in this chapter
implics any such dichotomy. A suggestion is here made for the
inclusion of certain specific subject matter. This material more
closcly resembles that which has long been taught in the ele-
mentary school under the title of arithmetic than anything which
has generally been taught in the secondary school. It is believed
that anyone after examining the material would classify it as
arithmetic. But it does seem that the division above referred to has
done much to prev:nt the acceptance of the material herein de-
scribed as appropriate for the consideration of high school pupils.

As any reader will readily recognize, this dichotomy is more
apparent than real. Tt developed as a matter of convenience.
But if any consideration of algebra, or geometry, or other
branches of mathematics can help in the understanding of the
material proposed. certainly such consideration must be given.
It happens that in onlv a few instances is the understanding
facilitated by such consideration. Hence the material proposed
will generally fall in the field of “‘arithmetic.” And since it does
it seems logical to propose the addition to the high school pro-
gram of studies of a course in this subject.

Requirements. The question arises whether the study of the
material herein proposed should be required of all pupils, or
whether it should be offered for the hencfit of those who elect
to study it. That question must find its answer in terms of criteria
which are usually applied in other similar situations. One of the
difficult problems in the administration of the high school cur-
riculum is that of relative values. This has two aspects, that
dealing with the values of subject matter for individual pupils,
whether strictly as individuals or as curriculum groups. and that
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dealing with the secondary school population as a whole. If the
material here indicated possesses educational values superior to
those possessed by other material which now occupies a place in
the program, it should displace the less worthy material. How-
ever acceptable the gencralization in the last sentence may be
on its own merits, only a very naiy: practitioner of educational
administration would accept it as a solution of the problem.
Vested interests, curricular inertia, «@adition, interests of teachers,
availability of instructional materials, theories of the nature of
learning, ideas about the relation between education and vnca-
tional effectiveness, curious definitions of culture, prestige, college
entrance requirements, pupil whims, and many other factors of
varying degrees of relevance have their influence on the cur-
riculum. However, a more functional point of view of the
curriculum is gradually gaining acceptance by public, parents,
pupils, and school administrators. Some may be so impressed
with the importance of the material proposed in this chapter that
they will wish to place it among the constants in the curriculum.
Others will prefer to permit pupils to make their own judgments
about the significance of the material for their educational pro-
grams. No suggestion will be forthcoming as to whether the work
here suggested should be “required” or “elective.” Most of it is
not available at all at present. rerhaps u.e question of prescrip-
tion can be left to the future. The material will need to be or-
ganized, instructional instruments devised, classroom methods
inveuted and evaluated, and results carefully investigated, before
it can be known whether a body of educationally valuable ma-
terial sufliciently significant to justify its prescription has been
proposed.

Grade placement. Can the arithmetic which is here proposed
for introduction into the sccondary school program be taught in
the elementary school, where the subject already has a recognized
place, and where the efliciency of its teaching is steadily being
improved? This again brings up the whole matter of grade place-
ment. In a scnse the proposal to teach avithmetic in the general
curriculum of the high school represents a radical departure from
established practice. It is not the purpose here to discuss the
problem of grade placement of topics in arithnietic; this question

Y
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is thoroughly examined elsewhere in this Yearbook. The reader
will do well to evaluate the proposals in this chapter in the light
of what is said about grade placement in the discussion in
Chapter III. However, since these proposals do in the last
analysis constitute recommendations for the assignment of certain
subject- matter to new locations, responsibility for some discus-
sion of the theoretical basis for such recommendations cannot be
evaded at this point.

Careful examination of the concrete suggestions above will
indicate that there are important aspects of arithmetic, the com-
plete understanding of which depends to a large extent on the
mental maturity of the learner. For example, it is doubtful that
typical pupils in the eighth grade would be able to develop any
genuine understanding cof logarithms, or of some of the other
topics suggested, although some superior pupils will. A certain
amount of mental maturity seems to be necessary for the intel-
lectual manipulations necessary for the understanding of various
kinds of abstractions. Then there are other topics which seem
to require social maturity, not only for understanding, but also
for that amount of genuine interest which is necessary for good
learning. An example may be found in the topic of insurance.
No one would deny that children in the sixth or seventh grade
might be ab.e to understand some of the fundamental concepts
involved in the study of this topic. However, there are other
aspects which are sufficiently elusive to tax the powers oi compre-
hension of the typical adult who is attempting to make that
delicate balance of factors involved in the setting up of a prac-
ticable, and, at the same time, adequate, program of protection
for his family. Since this topic is customarily given some attention
in those courses in arithmetic which are offered in commercial
curriculums in many high schools, it ought to be relatively easy
to measure the effect of social maturity upon learning. This,
however, has not been done, so we must again run the risk of
taking a position based solely on good logic and on what seems
reasonable. Consideration of other topics with important merits
from the standpoint of social utility leads to a similar conclusion.

Needs. Is there a need for a course of the type under discussion?
Before proceeding to a discussion of the ways in which such a
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need might be discovered if it exists, we should come to some
agreement on what constitutes a need. Needs are relative. And
the existence of needs is always a function of the point of view of
the individual who is trying to recognize, identify, establish, or
satisfy them, and of the educational philosophy against which
they are projected. Hence, rather than make an attempt to
establish a case in terms of needs, an effort will be made in this
section simply to direct attention to certain situations which it is
believed point the way to the desirability of the introduction into
the high school programn of some of the material which has bean
described.

All this does not mean, however, that such a need cannot be
established with some degree of certainty, but rather that it is
not convenient to do so at this time. Evidence may already exist
which would establish the case; no systematic search for such
evidence has been undertaken. It is likely that it does not exist
in usable form. But evidence of the need for the introduction
of this material into the curriculum will be derived from a com-
prehensive study of the failure of a large number of persons
to make the maximally effective adjustment to their environment
because of the absence of that material. Or it will be derived
from a collection of instances in which individuals have found
use in everyday life for those abilities and that information which
the proposed material should provide.

One of the reasons for teaching arithmetic in the elementary
school is that people may be able to perform computations which
occur in the normal activities of the everyday lives of typical
adults. Any reader can supply his own evidence, perhaps anec-
dotal in nature, to support the generalization that there are
many acdults in the world today who use their arithmetic with
less than maximal efficiencv. They may have learned the funda-
mental operations with integers, fractions, or decimals, at one
time, but they show slight evidence of having done so. They
stumble when they find it necessary to perform a simple com-
putation under the observation of others, and frequently retire
from the scene in embarrassment. Admitting for the moment
that the elementary school is rapidly improving its procedures
in the teaching of arithmetic, we must face the question, does
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ti% high school owe anything to the individual typified above?
The arithmetic of college students bas been investigated fre
quently, but only one sample of the results will be quoted. In
one large state university “halt of the stndents made scores below
the eighth grade norins in operations with integers that involved
problems in division. In other aspects of arithmetic the per-
centage below the eighth grade norms varied from 4 to 40. On
one of the tests 14 per cent of the college students fell below the
fourth grade norms!"¢ Many other instances of similar studies
of the arithmetical equipment oi high school pupils, college
students, and adults, could be cited. In addition, there is need
for further attention to the informational aspects of arithmetical
topics. The lack of knowledge on the part of adults along these
lines has not been so definitely cstablished, but common observa-
tion indicates that it is as significant.

Cautions. Certain cutions may well be presented relative to
the proposed material Some of these apply with particular
cogency in the case of a specific course set up for the purpose of
achieving the results implied in this paper. In the first place,
it is not proposed that the arithmetic of the elementary school
simply be given a thorough review. There are some courses in
arithmetic in high schools today which do not go beyond that.
Sometimes the teacher has hizher ambitions, but he seems to
think that fi. t things should come first, and that there is no use
in attempting to build a superstructure on a shaky foundation.
So he tests the pupils, finds them weak in the fundamental opera-
tions. and begins by giving a review. Frequently the semester is
over before the review is completed. In the second place, the
course must not wear itself out in a futile pursuit of “1009
accuracy.” Lest these proposals seem to contradict what was said
above about the needs of adults for a better command of the
fundamentals of arithmetic, let it be said that this contradiction
is more apparent than real. Also, the course must not be one in
number theory. Certain aspects of number theory are hoth
interesting and uscful in the education of the average adult.

Suggestions were made for the inclusion of certain material along

8 Alvin C. Furich, in General Fducation in the dmerican College, Thirty-eighth
Yearbook of the National Society for the Study o Education, Part 11, p. 81. Public
School Publishing Co., Bloomington, Il 1939,
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this line. However, the mathemaiically trained teacher may be
tempted to approach this material from such a highly theoretical
point of view as to defeat the purposes intended. This is not so
likely to happen if the material is not presented in a special
course, but in connection with other courses. In the fourth place,
there is some danger that the proposed course may degencrate
into a course in “rapid calculation.” Such courses used to be
taught, especially in commercial schools in the days before book-
keepers had the benefit of adding machines. Drill materials for
this type of work are still available, and no doubt are used in some
courses in “Commercial Avithmetic.” This point of view may
be appropriate in its place, but does not belong in the treatment
of the material asswuned in this paper. Finally, the course must
not become a series of complicated and difficult verbal problems,
dealing with socially unimportant situations, but interesting
chiefly because of the demands which they make on the learner
for ingenuity and dogged determination in finding a solution.
The point of view here referred to was sometimes present in
the one-room rural school of the ninetcenth century, when the
teacher was possessed of a high intellect and a liking for mathe-
matics, together with a consummate faith in the discivlinary value
of the involved arithmetical problems which he assigned such of
his advanced pupils as were interested in attempting to do the
work. Such a teacher frequently possessed a private library of
pet problems with wlich he baffled his students and impressed
the public, and often embarrassed other teachers who did not
possess his interest in that particular form of intellectual activity.
Many such problems found their way into early textbooks. An
example of such a problem. taken from a book publishe. in
1880, follows:?

If 15 men cut 480 sters of wood in 10 davs, of 8 hours ecach, how
many boys will it take to cut 1152 sters of wood. only 2/5 as hard, in
16 days. of 6 hours cach. provided that while working a bov can do
only 3/4 as much as a man. and that 1/3 of the bovs are idle at a time
throughout the work? Ans.. 21 boys,

7 Joseph Ray, Rav's New Higher drithmetic, p. 187, Van Antwerp, Bragg, and
Co., New York. 1880,




Chapter VII

THE SOCIAL PHASE OF ARITHMETIC
INSTRUCTION

BY LEO J. BRUECKNER
UNIVERSITY OF MINNESOTA

N the modern school the primary purpose of the curriculum
I should be the provision of a series of learning experiences
that will develop in the learner constantly enriched social insight
and understanding. To evaluate a particular learning experience
we may apply such criteria as the following: In what ways does
this experience make more meaningful to the learner the present
social situation and L -~ him to interpret it? How does the unit
lead the individual to see the contrasts betwecn the present status
of practices in an important area of human endeavor and condi-
tions in that area in the past? How does it lead the learner to see
the part that human intelligence has played in the solution of
problems and difficulties that have arisen in the evolution of
social institutions? How does the experience bring to the atten-
tion of the learner the emerging problems and difficulties in an
important area of human affairs and the ways in which it is
proposed to solve these questions? Does the experience lead in
an increasing degree to the development in the individual of
an appreciation of the need of his active participation in the
redirection of social affairs through the exercise of intelligent
human control?

It is the purpose of the present chapter to consider the impli-
cation of these criteria for arithmetical instruction. They reveal
the necessity of considering the possible contributions arithmetic
can make to the social function of the school. At the same time
it will be pointed out that these considerations do not in the
least obviate the need of providing fully and adequately for
effective training along definitely mathematical lines.

140
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THE RELATION OF THE MATHEMATICAL AND SOCIAL
PHASES OF ARITHMETIC

The importance of the above named criteria in connection with
the arithmetic curriculum has been clearly recognized in the
preliminary report of the National Council's Committee on
Arithmetic.! In this report the Committee took the stand that
“the functions of instruction in arithmetic are to teach the nature
and use of the number system in the affairs of daily life and to
help the learner to utilize quantitative procedures effectively in
the achievement of his purposes and those of the social order of
which he is a part.” This point of view recognizes two major
mutually related and interdependent phases of instruction in
arithmetic, namely, the mathematical phase and the social phase.
Full recognition of both phases is essential. Emphasis on the
social phase to the neglect of the mathematical phase will not
develop in the pupils the quantitative concepts, understandings,
and insights that should be the outcomes of a well-rounded pro-
gram of instruction in arithmetic. On the other hand, emphasis
on the mathematical phase to the neglect of the social phase will
not lead the learner to sense completely the social significance
of number in the institutions and affairs of daily life. A balanced,
well-integrated treatment of both phases is esscntial. Arithinetic
should be both mathematically meaningful and socially signifi-
cant. This is essential if arithmetic is to make its maximum con-
tribution to the development of socially competent individuals.

The evolution of the arithmetic curriculum. Arithmetic was
introduced into the schools of this country because of its “prac-
tical values in business.” The first textbooks contained business
applications which represented definite needs of the period, almost
always on the adult level. With the passing of time new applica-
tions were introduced, but the school, always a conservative
institution, retained almost everything that had in the past been
taught. Gradually the arithmetic curriculum developed into an
vnwieldy mass, containing a body of content, much of which was
useless and impractical, and with little mecaning to the pupils

1 R. L. Morton, “I'he National Council Committce on Arithmetic,”” The Mathe-
matics Tearher, 31:267-272, October, 1938.
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because they never encountered in their daily experiences many
of the processes and topics taught. Arithinetic was usually taught
by people who had had very little, if any, business experience.
Academic-minded persons began to emphasize the historical posi-
tion that arithmetic is “the science of numbers,” and to stress
the purely mathematical phase of the subject to the neglect of the
social phase. Gradually the possibilities of the science of numbers
were developed by those who were in charge of our classrooms
and by those who wrote our textbooks. Thus, the purely mathe-
matical phase of the subject became the basis of the major content
of the arithmetic curriculum. It was inevitable that arithmetic,
which was introduced into our schools because of its practical
values, should therefore become more and more academic and
unrelated to the affairs of daily life. Its continuance in the
curriculum was increasingly justified on the grounds of mental
discipline rather than its practical utility. When the theory of
mental discipline was exploded, other values such as *“cultural”
values, “preparatory” values, “conventional” values, and *leisure-
time” values were substituted. To a considerable degree these
values still dominate the work in arithmetic in many of our
schools.

The changing arithmetic curriculum. The present century has
been marked by a number of attacks on the arithmetic curricu-
lum which have greatly modified it. In the period from 1910
to 1920 numerous studies were made by varjous investigators,
among them Wilson, Jessup, Bobbitt, Woody, and Charters, to
determine the arithmetic that was useful in the affairs of he
daily lives of adults. These studics revealed the fact that actual
social usage of number processes included a much narrower and
simpler range of skills than those commonly found in current
courses of study. Many topics dealing with the applications of
number were found to be obsolete and useless. Unfortunately,
these studies dealt with adult needs rather than child needs.
As a result of this group of investigations, the arithmetic cur-
riculum has been greatly simplified, and much of the accumu-
lated dead wood has been eliminated. Topics such as cube root,
surveyor’'s meastire, complex fractions, and many others of no
social utility today except for workers in specialized occupations
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are no longer found in up-to-date courses of study and textbooks.
The place of these obsolete topics is being taken by rich units
of social experience in which the pupils may learn about im-
portant social institutions, and, at the same time, practice in-
~veasingly mature and refined mathematical procedures and tech-
nics for dealing more cffectively with the quantitative aspects of
their daily affairs.

Another group of studies dealing with various aspects of child
development has also led to significant changes in the arithinetic
curriculum. It was early decinonstrated that above grade two
more pupils failed in the subject of arithmetic than in any other
area of the curriculum. Studies of factors thought to be con-
tributing to this situation led to the conclusions that (1) in-
structional materials were not effectively organized, (2) many
of the processes were being taught at levels in the school at
which many of the pupils did not have the mental ability needed
to master them, and (8) instruction tended to emphasize unduly
the computational phase of arithmetic with the result that much
of the work in the classroom was without significance to the
pupils. The nced of more adequate provisions for individual
differcnces in readiness for the learning of various topics, in
rates of learning. and in difliculties encountered was also revealed.
As a consequence of these investigations much has been done
to improve the quality of instructional materials, to adjust the
gradation of topics more nearly to the facts known about child
development, and to enrich and socialize instruction so that the
work in arithmetic may be made increasingly more significant to
the pupils.

The child psychology movement has also led to the recogni-
tion of the nced of giving more adequate attention to what
the National Council Committee has called the “social phase”
of the arithmetic curriculum. Undoubtedly one of the chief
problems of the school is to determine fiom the wide range
of applications of numbers those that the great majority of people
can profitably use in their daily affairs. An important rection
of these social needs and problems about which our youth should
be made intelligent consists of those that appear in the normal,
desirable activities of boys and girls both in and out of school,
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an area as yet practically unexplored. The writer? has shown that
analyses of current social problems as seen by frontier thinkers
in the fields of economics, sociology, and political science con-
tain many problems that are closely identified with topics that
are now included in the arithmetic course: for example, issues
related to taxation, to the consumption of goods, to the distribu-
tion of wealth, to wise expenditure of funds, and to the support
of the indigent, handicapped, and unemployed. The selection
of suitable and significant topics dealing with social processes
in which number functions directly as a basis of units of in-
struction at various levels of the school is strongly recommended
by this Committee.

At the same timne consideration must be given to the organi-
zation and gradation of the basic curriculum material so that
the pupils will have the mental ability required to master the
units of work at the time they are introduced, and so that the
work will be within the range of their experiences and interests.
The recognition of the fact of maturation of ideas, skills, and
concepts requires that the instructional programs be so organized
as to contribute to the continued development of understanding
of, and insight into, mathematical relationships as the pupil ad-
vances from stage to stage through the school.

Attainment of the mathematical aim of instruction in arith-
metic is regarded as possible only if meaning, the fact that the
children see sense in what they learn, is made the central con-
sideration in-arithmetic instruction at all stages. As is indicated
in the first report of the National Committee, “Arithmetic is
conceived as a closely knit system of understandable ideas, prin-
ciples, and processes, and an important test of arithmetical learn-
ing is an intelligent grasp of the number relations together with
the ability to deal with arithmetical situations with proper com-
prehension of their mathematical significance.”” The desired out-
comes, related to the mathematical and the social phases. can
most likely be secured by making certain that the pupil has vital
social expericnces in which he is led to see the number in-
volved in situations that are meaningful and significant to him,

2Leo Jo Brucckner, “Social Problems as a Basis for a Vitalized Curriculum in
Arithmetie,” Journal of Experimental Education, 1:820-822, June, 1938,
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and if at ti.c same time the teacher takes the steps needed to
make certain that the mathematical meaning® of the number
elements involved is fully grasped by the learner. The teacher
should plan definitely and systematically to develop number
meaning by making the pupil conscious of the ways in which
number functions in the expericnce and then seeing to it that
insight into the quantitative precedures is developed. ‘The aimn
of the teacher at all levels should be to develop in the pupils
the ability and the disposition to view the affairs of life in
orderly, systematic ways, and to use quantitative technics, when
feasible, to enable them to sec the relationships involved rore
clearly and exactly. This mode of quantitative thinking can be
refined and extended as the learners progress through the school.

THE SIGNIFICANCE OF THE SOCIAL PHASE OF ARITHMETIC

John Dewey has defined education as “that reconstruction or
reorganization of experience which adds to the meaning of ex-
perience and which increases ability to direct the course of
subsequent experience.” In this statement there are two impor-
tant words, namely, “meaning” and “direct.” As far as arith-
metic is concerned, the word “meaning” has a two-fold connota-
tion. It refers on the one hand to the meaning of number itself,
an understanding of the number system and its interrelation.
ships. On the other hand, “meaning” refers to the social sig-
nificance which the situations in which number is applied have
for the learner. For example, the institution, taxation. involves
principles, issucs, and practices which do not require the direct
manipulation of number processes to grasp their social sig-
nificance. A class might debate the issue, “Should Minnesota
adopt the sales tax?” without going at all into the actual com-
putation of the taxes, but by weighing carefully the various social
considerations involved. On the other hand, a class might devote
the whole time allotted to taxation to the actual computation
of taxes and tax rates and devote no time whatever to the con-

8 Avithmetic insttuction which features the mathematical phase as a means of
developing meaning is discussed in other chapters, particularly those by Sauble,
Thiele, and Wheat. t'hese chapters supplement Dr. Brueckner's chapter, which
deals specifically with the social phase. (Editorial Board)
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sideration of the social aspects of the topic. If the pupils were
not led to consider the social significance of this topic in the
broadest sense of the term “meaning,” as herve presented, it is
obvious that they would not become aware of the issues related
to the problems or be made familiar with ways in which they
are being dealt with today. As a consequence they would not be
prepared in any way to "direct” more effectively the coursc
of their subsequent civic experience involving the consideraticn
of issues related to taxation and would not be able to participate
intelligently in the solution of the issues involved. If this topic
is decalt with by the teacher in such a way as to bring out the
implications of the questions listed as criteria in the first para-
graph of this chapter, it is obvious that not only will the topic
have significance for the learner but that he will also 'ater be
able to participate intelligently in the counsideration of t.e issues
involved and in steps leading to their solution. This social
approach must, of course, be paralleled by well-planned steps
to bring out clearly the mathcmatical elements and relationships
that are involved.

Major points of emphasis in the arithmetic instruction. The
topic, taxation, or any similar topic, would, of course, be in-
completely treated unless the pupils were led to consider it ade-
quately from both the mathematical and social points of view.
The treatment of such topics, in so far as the mathematical
phase is concerned, would include such items as the making of
essential computations, the bringing out of the relationships be-
tween the quantitative factors concerned, the presentation of
the basic symbolism and units of measure involved, the interpre-
tation of necessary or pertinent tabular or graphic data, and a
consideration of the validity and limits of existing knowledge
about the topic under consideration. In the lower grades the
comprehensive study of such a topic, as “What items affect the
cost of mailing a letter?” offers ample opportunity to bring out
both the ways in which number helps us to manage human
affairs and the varied mathematical relationships in a simple
social situation. The general information gained by the pupils
in the consideration of such a topic is also of undoubted value
in helping them to understand some of the aspects of the social
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process, communication. It should be clear that in some nnits of
work there may be somewhat more emphasis on the social
than on the mathematical phase of arithmetic, while in other
units the reverse will be true.

It may be helpful if at this point some of the major ideas
that are related more directly to the social phase of arithmetic
are more definitely identified. These ideas, sometimes called
themes, may all be brought out in some way in any well-selected
unit, although this is not essential, since the idea or ideas that
may emerge in any unit will be determined to a large extent
by the scope of the topic and by the way in which it is explored
by the class under the guidance of the teacher.

Social Evolution. To add to richness of menning there is no
good reason why the pupils should not be led to see that both
our present social institutions and also ovr ways of dealing w.th
their quantitative aspects are the more or less perfected end
products of a process that is in general evolutionary and progres-
sive. This applies not only to the development of our number
systen itself, but also to the study of such human institutions as
methods of measurement, money and barter, taxation, and in-
surance. The pupils should be lea to see that these and many
other institutions began with crude methods and procedures
. that have since been improved, refined, and standardized through
the application of human intclligence to the task. The study of
this evolutionary process will lead the pupil to see the sig-
nificance of number in human progress and should lead him to
see that this developmental process is not completed at the
present time.

Such topics as the following are rich in their possibilities for
developing the idea of social evolution:

1. Ways ol telling time, past and present.

2. The kinds of money that people have used and use today.

. The development of our units of measure.
- How our present system of taxation developed.

e 08

Cooperation. The pupils sheuld be led to see how effectively
number has contributed to the develepinent. of inter-cooperation
among people. As Dr. Judd has pointed out, if we merely teach
the pupils how to tell time by the clock and neglect to point
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out at the same time the ways in which the clock has facilitated
inter-cooperation among peoples, we have overlooked a very
valuable contribution that a consideration of this suciological
phase of the topic might make to an understanding of the social
process. In the same way the treatment of the topic—money—
should not be limited to mere computation with money. ‘I'he
topic can be presented in such a way as to show to the pupils
its value as a device invented by man as a more manageable way
ot exchanging and distributing goods and paying for services
rendered than the earlier social process of barter and exchange.
Likcwise, the teaching of taxation, insurance, banking, our credit
system, and many other topics, should not fail to stress the fact
that each of these institutions is an illustration of the ways
in which number has facilitated inter-cooperation among people.

The following topics suggest units rich in possibilities of de-
veloping the idea of inter-cocperation:

1. How the clock helps us to live together.

2. What is the system of numbering houses used in our community?

3. Where does the money for our schools come from?

4. How are people paid for the work they do?

Invention. The study of the process by which human intelli-
gence has in the past devised imnproved procedures for dealing
more effectively with quantitative aspects of social affairs should
have as its goal an awareness by the pupils that new problems will
as surely arise in the future as they have arisen in the past.
The pupils should be led to recognize the need of inventing new
and improved ways of dealing with those aspects of their lives
that can only be managed efficiently through the use of quantita-
tive technics. Ingenuity in dealing with quantitative aspects of
situations should be fostered. “The progress of science depends
very largely upon the facility with which facts can be recorded
and relatic nships between them considered. The notation of the
mathematician affords the moximum of precision, simplicity,
and conciseness.”

The following topics are suggestive:

I. What iy the metric system and why was it devised?

2. How do we measuie food value?

3. What new forms of taxation are being considered today?
4. Why have consumers’ cooperatives been established?
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Control over Nature and Natural Processes. Man is constantly
engaged ir. a struggle to control nature and to direct natural
processes to his advantage. Quantitative procedures have been
of great assistance to him in this connection. The mariner
and the aviator can proceed more safely because of the compass.
The thermometer enables man to make necessary adjustments to
fluctuations in temperature and to some extent to control it.
The precise rigorous tests in experiments which determine
courses of action are possible only because of the use of number.
The weather bureau uses quantitative methods to predict the
climatic conditions. Index numbers of production, distribution,
and consumption are increasingly being used to aid in setting up
measures to regulate natural processes. Insurance is possible
because of the fact that we can predict mortality of individuals
on the basis of carefully collected data. These and many other
similar illustrations of human efforts to utilize quantitative pro-
cedures to direct natural processes to social ends show ways in
which the teacher of arithmetic can develop mathematical mean-
ing and ensure at the same tiine an awareness of the social sig-
nificance on the part of the pupils of the items being studied.

The following topics are suggestive:

1. In what ways has the thermometer helped the man in the green-
house?
= How can we measwe the difference in plant growth due to the
elfects of fertilizers?
3. What is being done by our government to control the production
of crops?
4. How does the weather bureau help aviators and mariners?
Economic Literacy. Arithmetic affords a convenient vehicle for
teaching the pupils significant facts ahout the production, dis-
tribution, and consumption of goods and about many of the
other economic aspect: of life, including insurance. business re-
lations, banking, taxation, and so on. The pupils should be led
to sec the nccessity of accurate, dependable information in the
buying and selling of food, clothing, and other necessities of
life. and in the management of their daily affairs. including,
later on, their occupations. They should be taught about ele-
mentary business practices and the economic interdependence of
human institutions, Sources of loss. such as fraud, forgery. sp.ccu-
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lation, damage to property, and bad debts, offer a fertile field
for worthwhile discussions. As Dr. Horn has stated, the pupils
should be led to “think while reading” and to evaluate the
authenticity and dependability of information presented to them
in any verbal or visual form. It is an unfortunate fact that in
almost none of our present courses for teachers of arithmetic is
adequate consideration being given to the nced of educating
individuals who have genuine economic literacy.

The following topics are suggestive:

1. How is the money we pay for stamps used?

2. Which is the cheaper way in which to buy, in bulk or by the

package? Why?

3. Why do prices of commodities usually fluctiate from place to

place and from year to year?

4. Is the money raised by taxation being spent economically and

to the grertest advantage?

Kinds of units in arithmetic experience. The experiences
that can be utilized by the teacher to achieve the purpose of
arithmetic instruction are ot various sorts. The wise teacher
will seize every opportunity that may arise in an incidental way
either in the classroom or in fe outside the school to bring to
the attention of pupils the social significance and the utility of
number and its applications in the affairs of life. However, be-
cause of the unpredictable nature of these experiences and be-
cause of their unsystematic, disorganized occurrence. the teacher
should also actively seek and plan other social situations which
will be rich in the use and social application of quantitative pro-
cedures, and which at the same time are most likely to coutribute
to the development of the major ideas described above that are
related to the social phase of arithmetic. In selecting these more
systematic units of instruction the teacher should consider care-
fully the stage of the development of the arithinetic ability of
the pupils, their mental level, and their needs and interests. It
is not essential that these social situations require the use of the
computational processes that are being learned by the pupils.
However, it is obvious that the most desirable unit of instruc-
tion is a rich unit of social experience likely to appeal to the
pupils as worth while that gives them contacts not only with
applications of numbers in the affairs of life but also with the
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elements of computational arithmetic that are most appropriately
taught to children at their stage of development. Units selected
on this basis not only show the pupils the need for the drill
work to be done to enstire mastery of the basic skills, but also
vitalize the iustruction by revealing the social significance of the
processes or topics that are being learned. Insight into the
social situation should grow out of a careful consideration of the
relationships between the various elements in the experience
which can be brought out sharply and definitely by the applica-
tion of quantitative procedures. At the same time there should
develop insight into the mathematical procedures that are being
employed.

Sources of units stressing the social phase of arithmetic. Mod-
ern textbooks are giving more adequate consideration than in
the past to the social phase of the arithmetic curriculum. For
example, a recent study of Gustalson* of the amount of space
devoted to strictly informational material related to the social
phase of arithmetic showed that in two third grade books pub-
lished in 1893 and 1895 there were only 69 and 74 lines respec-
tively of this kind of material. On the other hand, in three
third grade books published in 1935 the numbers of lines of in-
formational material were 381, 523, and 1,089 respectively.
These results are typical for a total of 22 third grade books. The
newer books evidently contain much more informational material
than the old books, although large differences exist from book
to bock. It should be emphasized that teachers should always
feel free to go beyond the limits of the book for illustrations and
applications of number. Well selected experiences that utilize
direct contact with local situations are undoubtedly of greater
value than those that are presented formally in a textbook.

In another study of similar informational social material, in
this case involving no computation, Herrinann® found that in
the books for grades four, five, and six, of five modern serics,

# Anne Gustalson, A Comparison of Activities Presented in Third Grade Arith.
metic ‘T'extbooks for Developing the Informational sand Sociological Functions
of Arithmetic.” Unpublished tecords on file at the University of Minnesota, Min-
neupolis.

8 J. M. Hentmann, A Study of Activitics in More Recent Arithmetie Texthooks,
Intermediute Grades, for Developing Informational and Sociological Functions of
the Subject.” Unpublished Master's thesis, University of Minnesota, Minneapolis.
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the total amount of line space for the books of each zeries varied
from 1,227 lines to 3,536 lines, a ratio of alinost one to three.
It secms evident that the amount of assistance the teacher can
secure about social applications of arithmetic varies widely with
the textbook.

Herrmann’s analysis of subject matter revealed a wide variety
of different topics that deal with the social phases of arithmetic
in the books he analyzed. For purposes of illustration the fifty:
four topics related to consumer eduration that he listed will indi-
cate the nature and social significance of topics in this field that
are now finding their way into textbooks. The list follows:

Buying and Selling Practices

1. Mecthods used in price labelling

2. Finding costs in a project

3. Widths in which cloth is sold

1. False bottoms in measures

5. The sales slip

6. Reasons for price changes

7. How to compute real profit

8. Basis of credit

9. Functions of better Lusiness bureaus

10. Early period prices and why they changed
1. Per capita food costs of countries compared

Using Transportation Facilities

1. Parcel post and express services
2. Parcel post insurance

3. Meaning of C.O.D.

1. Commuter’s and round-trip tickets
5. How freight rates are computed

Banking

1. Making deposits and use of bank books
2. Savings account routine

3. Services of banks

4. Thrilt by small savings

5. Check writing, endonsing, and cashing
G. Check stub recoras

Spending the Fawmily Dollar

1. Patronizing the cafeterin

2. Choices in purchases for thrift

3. Cost of cut flowers and potted plants
4. Bulk buying advantages



Arithmetic in General Education 158

5. Magazine subscription savings

6. Library fines

7. Rent

8. Homemade and commercially made costs compared
9. Grades and price of milk and gasoline
10. Quantity buying savings

11. Saving at sales

12. Advertisements

18. Checking sales slips

14. Accounts of receipts and expenditures
15. Time and cash payment plans

16. Car operation costs

17. Family budgets

18. Monthly bills and forms

19. Receipt forms and uses

20. Cold storage food costs

21, Food container costs

22. Electrical device operation costs

23. Heating costs compared

24. Sizes ot cans of preserved foods

25. Large and small package costs compared
26. Water, gas, and electric rates

27. Cash discounts

28. A la carte menus

29. Secondhand buying

30. Charge accounts

31. Out-of-season food costs

Miscellaneous

1. Safety practices
2. Testing sceds for germination
3. Cost of window glass

An analysis by the reader of the topics listed above should
make it clear that there is a definite tendency today to include
in arithmetic instruction the kinds of topics that are likely to
develop in the pupils an understanding and an appreciation
of vital social practices and procedures and of the ways in which
number functions in the affairs of daily life. Questions and prob-
lems based on such topics as these are certainly more valuable
than the isolated problems that in the not distant past were the
only kinds included in our textbooks.

Experimental development of curriculum units. Educational
literature contains a number of descriptions of units that were
taught in such a way that they dealt with both the mathematical\'

—
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and social phases of arithmetic. For example, Schaeffer® described
a fourth grade informational unit on time measurement that
divided the subject into four main topics as follows:

I. How the cave men told time III. How the world gets its time

1. The shadow on the rock 1. The causes of day and
2. The shadow clock 1 ht

3. The rope clock 2, Tue lines on the globe

4. The flower clock 3. Setuing the clocks

4. Standard time

[I. Clocks from long ago to now 5. Daylight standard time

1. The sun dial

2. The water thief IV. The story of the calendar

3. The time candle 1. What the moon told men
4. The sand glass 2, Calendar from long ago to
5. Early mechanical clocks now

6. Clocks with pendulums 3. Calendar reform

7. Smaller clocks and watches
8. Electricity and clocks

Schaeffer prepared a number of authoritative mimeographed
articles covering all the topics which formed the basis of much of
the class discussion. Twenty class periods were used to develop the
unit, The following list of activities shows the nature of some of
the lessons: *“Simple discussion of what pupils already knew about
the topic; work-type reading lessons, in which the pupils read
articles to answer questions, to prove statements, to outline points,
etc.; preparation o’ reports; giving of reports; planning of activi-
ties; making of replicas of early time pieces (shadow clock, sun-
dials, water clocks, etc.); coloring maps to show time zones; solv-
ing clock problems; and reading timetables.”

Tests involving both mathematical and social phases of the
subject were administered at the end of each of the four major
topics. The reader can easily sce from an analysis of the contents
of the unit how the major social ideas, evolution, cooperation,
invention, and control over nature and naturai processes, as well
as the mathematical principles involving precision, computa-
tion, functional relationships, and symbolism, were all developed
in an interrelated, meaningful way.

Records were also kept of the reactions of the pupils during the

8 Grace Schaeffer, “An Infoimational Unit in Fime,” Elementary School Journal,
38 : 114117, October, 1937.
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course of the unit. Schacffer describes the outcomes of this unit
as follows: (1) The subject of time measurement was of genuine
interest to this group of pupils during the entire unit. (2) The
reading materials of the unit were not too diflicult. (3) Iustra-
tive materials, such as odd clocks and pictures of carly time pieces
and calendars, are available. (1) A large percentage of the pupils
were able to understand such terms as ‘standard time,” ‘calendar
reform,’ ‘davlight-saving,” ‘pendulum,’ ‘rotate,” ‘time-recording.’
and ‘telescope.” (5) Activities of special interest were the making
of early time picces, the giving of reports on materials read, the
reading of stories related to the unit. dramatization of stories,
and related art work.” Obviously there were many opportunities
to utilize quantitative procedures in this unit of work. However,
the major emphasis was on outcomes more closely related to the
social than to the mathematical phase of the subject.

Harap and Mapes” conducted a group of studies whose primary
purpose it was to determine the extent to which children can mas-
ter arithmetic processes through their use in lifelike activities
and social situations so selected that oppe«tunity for the use of
number processes was certain to arise in them. One interesting
group of units that was selected 0 as to bring in applications
of decimals was a series dealing with the making of houschold
preparations, such as tooth powder, furniture polish, ink, hand
lotion, and paste. The only actual computations performed were
those needed to carry on the activity, All work of the pupils
was kept in notebooks which were frequently checked by the
teacher. All errors had to be correcterd. There was no drill as such.
These units were taught in such a way as to contribute to the edu-
cation of consumers, an important aspect of the social phase of
arithmetic. Relative costs of homemade and commercially made
products were compared. This led to interesting discussions of
some of the social issues that arose, such as reasons for differences
in costs. Harap and Mapes report that the processes involving
operations with decimals were mastered by the pupils.  Unfor-
tunately no detailed data were given in the reports as to the
range of socially significant information other than computa-

TH. L. Harap and ¥, Mapes, “The Lenning of Dedimals inoan Adivity Pro.
gram,” Journal of Educational Research, 29:636-693, May, 1936,
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tional skills that the pupils actually acquired as a result of this
work. The implications of the report of the study are that these
informational outcomes were rich and significant. Similar studies
involving the use of social experiences were also conducted by
Harap and his associates® in grade three and in grade five. In
each case it was amply demonstrated that not only were the com-
putational processes ordinarily taught in these grades mastered at
least as well as in ordinary classes, but that there were also rich
concomitant values in the field of social understanding and in-
sight.

These studies and others that could be listed are indicative of
the valuable contributions that can be made by a well-organized
program of instruction in which full recognition is given to the
need of considering both the mathematical and social phases of
arithmetic. There is a great need of further exploration of the
possibilities of rich social units of this kind. The teacher in the
classroom who has a grasp of the significance of the point of view
here presented can make real contributions to the improvement
of the arithmetic curriculum.

In his book Mankind in the Making, H. G. Wells made the
following statement which summarizes very well the point of view
that the chapter has discussed: “The new matheratics is a sort
of supplement to language, affording a means of thought about
form and quantity, and a means of expression, more exact, com-
pact, and ready, than ordinary language. The great body of
physical science, a great de:' of the essential facts of financial
science, and endless social and political problems, are only ac-
cessible and only thinkable to those who have had a sound train-
ing in mathematical analysis. The time may not be very remote
when it will be understood that for complete initiation as an effi-
cient citizen of the new great complex world-wide states that are
now developing, it is necessary to be able to compute, to tlink
in averages, and in maxima and minima. as it is now underswood
to be necessary to be able to read and to write.”

AH. L. Haap and E. Mapes, “The Learning of Fundamentals in an Adctivity
Program,” Elementary School Journal, $4: 515.525, March, 1031,



Chapter VIII
ENRICHMENT OF THE ARITHMETIC COURSE

UTILIZING SUPPLEMENTARY MATERIALS AND DEVICES

BY IRENE SAUBLE
DETROIT PUBLIC SCHOOLS

vitalizing and enriching the teaching of arithmetic on all
grade levels through the use of a wealth of supplementary in-
structional materials and devices which may be provided through
the initiative of the individual teacher. Suggestions are given to
assist the teacher in obtaining and using such materials.

The different types of supplementary materials and devices
which will be illustrated and discussed in conjunction with the
teaching of definitc mathematical and social concepts include the
following:

Tms chapter aims to point out the potentialities that exist for

(1) Concrete materials which may consist of real objects or repre-
sentations of real objects which pupils may manipulate in
gaining first-hand experiences.

(2) Measuring instruments which may be provided for pupils or
which may be constructed by pupils.

(3) Pictures—provided for pupils or made by pupils to represent
mathematical ideas.

(1) Charts, diagrams, and graphs.

(5) Business forms used in the community—checks, deposit slips,
withdrawal slips, monthly statements, bills, insurance policies.

(6) Advertisements, handbills, clippings, catalogs, pamphlets, which
contain information which may be useful in illustrating or
formulating current arithmetic problems,

(7) Posters, displays, exhibits, scrapbooks.

(8) Trips, interviews, special reports.

(9) Dramatizations of business procedures.

(10) Analyses of life situations having quantitative aspects.

Suppler entary materials as well as other types of materials con-
tribute to the two aspects of number which Buckingham desig-
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nates by the termns significance and meaning. He states:' “By the
significance of number I mean its value, its importance, its
necessity in the modern social order. T mean the role it has played
in science, the instrument it has proved to be in ordcring the
life and environment of man. The idea of significance is therefore
functional.

“On the other hand, the meaning of nuinber, as I understand
it, is mathematical. In pursuit of it we conceive of a closely
knit, quantitative system. . . . Under the heading of meaning
[ include, of course, the rationale of our number system. The
teacher who emphasizes the social aspects of arithmetic may say
that she is giving meaning to numbers. I prefer to say she is
giving them signiticance. I hasten to say, however, that each idea
supports the other.”

Although it is impossible to discuss one aspect of arithinetic
teaching without some reference to the other aspect, an attempt
will be made to focus attention upon materials and devices which
may be employed in the development of meanings of numbers,
processes, and measures in part I of this chapter and reserve
part I for special emphasis upon the supplementary materials
and devices which may be used in giving social significance to
numbers, processes, and measures.

I[. DEVELOPMENT OF MATHEMATICAL MEANINGS

Developing meanings of whole numbers. Counting objects
provides one of the first activities in the development of number
meanings. In school and out of school, pupils count real objects
for definite social purposes. They count the children on each
side in a game, count the children present each day, count the
scissors, books, chaiis, and pencils, to see whether these are
enough for the class. However, to develop adequate number
ideas, pupils need many experiences with groups of objects beyond
the activity of counting them in some given arrangement. As
the next step. each pupil should be given the opportunity of ex-

! B. R. Buckingham, “Signilicance, Meaning, Insight—These Theee,” The Mathe-
matics Teacher, 31126, Januaiy, 1933
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perimenting with groups of objects in naking as many different
arrangements as possible. A pupil who has eight cardboard pen-
nies may be encouraged to work out for himself and report
to the class many arrangements which he will gradually come to
generalize as the basic combinations. Eight will mean two 4's
and four 2's as well as 6and 2, 5 and 3, 7 and 1.

Pupils need to use groups of objects in making comparisons
also. FEight pennies are how many more than 6 pennies? Four
chairs are how many less than 7 chairs, etc.

In making provision for this variety of experiences with groups,
two types of concrete objects are required—objects small enough
for pupils to use individually at their own desks. and objects large
enough to be used at the front of the room in carrying through
some activity which all pupils are to observe.

Small objects which may easily be provided in a large enough
quantity so that each pupil may have a supply to work with in-
clude the following:

Play pemnies—which may be purchased commercially or may be
made by cutting out cardboard cireles.

Small cardboard tickets about 17 by 2~

Milk bottle caps which may be called dollars.

Buttons and button maolds which are tlat on one side.

‘Toothpicks or small sticks of anv kind which may be imagined to
be sticks of candy or candy canes.

small ent-outs of animals, flowers, fruits. which are often available
in packages as stickers.

Sticker~ for special davs include witches and pumpkins for Hal-
lowe’en: hearts for Valentine's Day; turkeys for Thanksgiving;
trees, bells, candles. wreaths, cte., for Christinas: and chickens,
rabbits, eggs, ete, for Easter. Stickers may be used to paste on
a large sheet of paper to make picture records of the various
number arrangements.

Small-sized clothespins.

Paper dolls.

Small squares of colored paper to represent postage stamps, Christ-
mas scals, or Easter seals.

If scissors and materials are provided, pupils will often be able
to make their own cut-outs, their own tov money. or the card-
board tickets.

Large objects which mav he moved about at the front of the
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room or used as stage properties in the dramatization of some life
activity include the following:

Objects in use in any classroom—chairs, erasers, books, pads, pen-
cils, pencil boxes, large manila envelopes.

Empty candy boxes, cereal boxes, shoe boxes, which may be used
to hold quantities of smaller materials when such materials are
being divided into equal groups. They may also be used to repre-
sent toy banks, cash registers, pocketbooks.

Paper plates, paper bags.

Blocks, and other toys.

Large clothespins—which are often painted in some color.

Rectangular pieces of cardboard the size of candy bars.

Wooden or paper spoons—which may easily be done up in bundles.

Cardboard tickets about 3” by 4.

‘Toy money in bills of different denominations—$1, $10, $100 bills.
These paper bills may be made by the teacher from heavy paper
cut into the correct sizes on the paper cutter and the denomina-
tions stamped on with a number stamping set and ink pad. It
is advisable to make these bills in different colors; for example,
$1 bills green, $10 bills vellow, etc.. since the denomination can
then be recognized from the color. Shoe boxes appropriately
and conspicuously labeled may be used at the front of the room
to hold each denomination of bill.

The purposes served in using small objects for individual pupils
and in using large objects at the front of the room may differ
somewhat. When a pupil uses six of the play pennies on his desk
to work out all the possible groupings he can 1aake from six
pennies, he is doing his own investigating and making discoveries
for himself. The teacher may give him the plus sign as a symbol
to use in making number records when he puts his groups to-
gether again, but the pupil has worked independently in obtain-
ing the groupings. Likewise, when a teacher asks pupils who need
to do so to use pennies to find out how much must be paid
altogether for a ball costing 4¢ and a book costing 9¢, each pupil
may use his own individual method of obtaining the answer.
One pupil may lay out the two groups of pennies and then count
1,23 4,5 6,7,8, 9,10, 11, 12, 13. Another may count 10,
1,12, 13. Still another pupil may rearrange his pennies in such a
way that he has a group of 10 and a group of 3, and he may then
merely think 10 and 38 are 13. Thus materials used individually
make it possible for each child to work at his own level of
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maturity, and to progress naturally from one level to the next
higher level. If a pupil already knows that 4¢ and 9¢ are 13¢,
he will not bother to lay out pemnies at all, but will be ready
immediately with the answer.

While individual differences among pupils make it necessary
for pupils to work on different levels, it is the obligation of the
teacher to guide pupils toward higher levels of thinking. Sens.
ing just when and how to do this is the essence of skill and
artistry in teaching.

If classes could be kept small enough so that the teacher could
give adequate attention to each pupil, materials for use at the
front of the room might not be necessary. However, with large
classes it is often desirable to introduce a new concept to the en-
tire class by means of some activity carried on at the front of the
room. It then becomes necessary to utilize objective materials
which can readily be seen from all parts of the room. We may
take as an illustration the building of the number chart to 100,
in which the teacher wishes to introduce pupils to the char-
acteristics of our number system, with special emphasis upon the
ten group as a basis of comparison for all numbers above 10.
Let us suppose that the teacher decides to use clothespins.

‘The first step is to count out 10 clothespins and record the
numbers {from | through 10 on the board, one number as each
clothespin is taken out of a large box. After the tenth one has
been added, the teacher may say that she is going to make the
group easier to handle by putting a rubber band around all ten.
The pupils’ attention may then be directed to the following
ideas:

. The bundle or group of 10 may be thought of as one 10 as well
as ten s,

b. When we write 10, we consider it as one 10 because we use a
“1,” but we give the “1" a new position to the left of the one's
place.

. 'To show that the “1" is in ten’s place, we fill the one's place
with a zero.

When one more clothespin is put with the ten group, 11 may
be written at the top of the second column. Pointing to the 11
the teacher may ask which 1 indicates the 1 bundle of ten and
which 1 stands for the 1 single clothespin. The same procedure
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may be followed as the numbers 12, 13, etc., through 19 are writ-
ten. When there are 10 single clothespins again, another bundle
of ten may be made and the number 20, which shows two 10's
with a zero in the one's place, may be written at the bottom
of the second column.

11 21 31 41 51 61 71 81 91
1222 32 42 52 62 72 82 92

~
~

3 13 23 33 43 53 63 73 83 93
4 It 24 3% 44 54 64 74 84 94
Hh 15 25 385 45 55 65 75 85 95
6 16 26 36 46 56 66 76 86 96
717 27 37 47 57 67 77 87 97
8 18 28 38 48 58 68 78 88 98
9 19 29 39 49 59 69 79 89 99

10 20 30 10 50 60 70 80 90 100

At a later time, the number chart to 100 may be completed
on the board as concrete materials are counted and grouped into
tens and ones. As soon as pupils “catch on” to the system of
repeating ten groups and combining ones, they may proceed to
complete the chart without the use of objective materials.

After the activity of building a number chart through the use
of concrete materials, the teacher is able to focus the pupils’ at-
tention upon the fact that the chart presents an organized record
of all the different sized groups which have been formed and the
way they were formed.

The above activity illustrates the use of objective materials
for the purpose of developing what may be termed pure mathe-
matical concepts. Carried through in the manner described, the
activity does not serve an inmmediate social purpose. However, in
follow-up activities, the making of ten groups may be shown to
have social value. An imaginary social situation such as the
following may be dramatized.

At the school enterntainment last night Bob took tickets at one
entrance and Jim at the otner entrance to the auditorium. This is
Bob's box of tickets and this is Jim's. What would be the most
accumate way to count the tickets in cach box¥

One box may be counted by ones, and the other by making
bundles of tens, then counting by tens and adding the ones.
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Pupils will probably recognize the fact that in counting without
grouping it is very easy to lose count, particularly when the
numbers are large.

A large number of play pennies in a penny bank (an empty
cylindrical salt box with a slit cut in the top) may be counted
by grouping them into tens. Thus a variety of activities may
be used to emphasize the convenience of grouping things into
tens when it is necessary to count a large number.

When objective materials are used for demonstration purposes,
the teacher always needs to make certain that the pupils go be-
yond the mere activity and try to sense the idea which is being
demonstrated. T'he teacker may stimulate this type of think-
ing through his questions and by placing emphasis upon certain
points. In the organization of a number chart to 100, emphasis
is placed upon two points: (1) whenever therc are enough ones
to group as another ten, this grouping takes place; (2) we use
the symbols 1, 2, 3, 1, ete., to tell the number of ten groups we
have, but we write one of these symbols at the lcft of another
symbol which mcans ones, and if there are no ones, we use a zero
in one's place.

In the same mauner, pupils at work with their own objective
materials need skillful teacher direction and guidance to help
them to make generalizations and to help them to move from
immature to more mature ways of thinking about numbers, It
should be recognized that the manipulation of concrete objects
represents only the first stage in the development of pupils’ num-
ber ideas. In the second stage of progress, pupils are able to
“think™ certain arrangements when the objects are present only
in imagination, and in the third stage, no objects are present or
imagined and pupils have developed the ability to use the lan.
guage of number. As pupils analyze. assemble, and compare
groups of objects, the teachier needs to guide their thinking to
the point that advancement will be made steadily toward a higher
stage.

Listed among objeciive materials were bills in denominations
of 81, $10, and $100. When it is necessary to extend pupils’
number meanings to include numbers from 100 to 1,000. it is
often advantageous to use these bills to help some pupils to visu-
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alize large numbers. At first ten $1 bills are used together to
represent the ten group, then a single $10 bill may be substituted.
To represent the hundred group, one hundred §$1 bills grouped as
ten 10's may be used at first, with later a single $100 bill used.
To build the new number group of 1,000, we may then use ten
$100 bills since it would be improbable that enough $1 bills
would be available.

Large amounts of money, such as $£235, may be illustrated
visually by using forty-two $100 bills, three $10 bills, and five
$1 bills. Pupils often fail to sense the difference in value made
by omitting a decimal point from numbers which represent
money. It has been found very effective to have pupils use toy
money and show visually the bills and coins used to indicate
amounts of money. For example, pupils are more impressed with
the difterence in value between $132 and $1.32 after they have
used toy money to count out both amounts. For $132, pupils
may use four $100 bills, three $10 bills, and two $1 bills, or they
may use forty-three $10 bills and two $1 bills. For $1.32, pupils
may use four $1 bills, 3 dimes, and 2 pennies.

Using concrete materials in developing meanings and symbol-
ism for the four processes. Activities and objective materials,
both for individual pupil use and for classroom demonstration,
are particularly important in the developmen: of the meanings of
the four processes. The same objective materials suggested above
for developing number concepts may be used effectively.

Addition and multiplication are dramatized as combining or
“putting together” procedures while subtraction and division are
shown to be separating or "taking apart” processes. The symbols
which facilitate the recording of these arrangements must be
linked very closely with the activities and the thinking involved.
While concrete objects and pupil activity are important in the
introductory phase of each operation, pupils should be en-
couraged as soon as possible to imagine the activity indicated by
the words in a described social situation or by the sign in an
abstract problem. Through early work in building and analyzing
numbers, pupils will have gained some acquaintance with the
addition and subtraction concepts and also with the language
associated with these processes.
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A new process and its accompanying new sign may well be in-

troduced through the dramatization of a life situation familiar
to the children. Several such dramatizations, all of which neces-
sitate the use of individual pupil materials and activities, are
outlined below.

Concept to Be Introduced: Addition

E

Social situation: Bob brought a dime to school for his lunch. He
noticed that a sandwich cost 6¢ and a bottle of milk cost 4¢. Did
Bob have enough money to pay for these two things?

Objective materials needed: A box of play peunies for each pupil.
Method: Individual pupil manipulatio f play pennies.

T: *“Can you show on your desk in one row the number of pen-
ries the sandwich costs, then show in another row the num-
ber of pennies the milk costs?” “The pupils lay out the
pennies thus:

o0
[« o]
o 0
(o 2o ]

T: "Now find out how many pennies you have laid out alto-
gether™ Pupils will use different niethods to find out the
total number in both rows. When pupils obtain answers the
teacher places a number picture of what they did on the
board. using the addition sign to indicate that two numbers
were put togecher,

Symbolic represent: tion:
6¢ for the sandwich
+1¢ for the milk

_—

10¢ for both

Explanation: We write a plus sign to show that Bob wants to know
how much bath things cost. The amount both things cost is
written under the short line diawn.

To further emphasize the combining of two groups, pupils may
pick up the six pennies and hold them in one hand, then pick up
the four and hold them in thie other hand. Then the four pennies
may be put together with the six pennics, as indicared by the new
sign. 'The number written under the shore line shows how many
altogether,

In discussion of the activity, pupils learn to use the words both, put
together, and altogether in conjunction with the acuvity and the
new symbolism,

O
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Concept to Be Introduced: The Additive Idea of Subtraction*
Social situation: Each pupil in the room was asked to bring 15¢
for bus fare to the Flower Show.  Jack alicady had 8¢ in his
pocket.  Jack wondered how many more pennies he needed to
bring from home.

Objective materials: A box of play pennies for each child.

Method:  Individual pupil manipulation of play pennies.

1@ “Show on your desks the number of pennies Jack needs for
bus fare.” (The pupils lay out 15 pennics in a row.)

T “Put your hand or a card over the eight of these pennies that
Jack already has."”

T: “How many pennies are not covered? Can vou tell now how
many more pennies Jack needs:”
If it scems necessary, the teachier may draw pennies on the
boatd to represent the real penmes, then cover up 8.

Symbolic representation:
15¢ Jack needs
—8¢ Jack has

7¢ more needed by Jack

Explanation: Since the 8 pennics, which cepresent the group that
Jack has, may be covered up or taken away, we may write this as
a subtraction example.

Concept to Be Intvoduced: The Measurement Idea of Division

Scaial situation:  Mary's mother gave her a dime and a nickel and
told her to get 3¢ stamps with it. May wonders how many
stamps she should ask for at the post office.

Objective materials: A box of toy money containing dimes, nickels,
and pennies.

Feclfocl[ros]conl[so0]

Mcethod:  Individual pupil manipulation of tov money.

T: “Can you show on your desks the number of pennies for
which Mary could exchange her dime and nickel?” (It is
presupposed that pupils know the value of a dime and a
nickel so pupils will be able to lay out 15 pennies.)

T: “Cin vyou make a pile of pennies o buy one stamp?
(Pupils put 3 pennies in a pr'e)

T: "Now see how many piles with 3 in a pile vou can make?”
If it seems necessary, the teacher mav draw 15 pennies on
the board and group them into thices,

*The additive idea of <ubtraction was selected av ane illustration. The take-
away and the comparative ideas of subtraction mav also he dramatized.

ERIC
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Symbolic representation: 5

3/15

Explanation: TLis frame /7 which we put over 15 means that
the number under it is to be separated into groups, The 3 we
write outside the frame shows how many are to be put into each
group. The 5 we write above the frame shows how many groups
we are able to make, or, in this instance, how many stamps we
can buy.

Concept to Be Introduced: Borrowing in Subtraction

Social situation: Jane got on the street car with 4 dimes in her
pocketbook, The carfare was 6¢, which Jane had to put in the
box, What did Jane have to ask the conductor to do for her so
that she could put the 6¢ in the box?

Materials: Toy money—dimes and pennies,

Method: Individual pupil manipulation.
. “Can you all show the money Jane had in her pocketbook:”
(The pupils lay out 4 dimes.)
T "How much wioney is this?” (Teacher writes 10¢ on board.)
1T: “Let's suppose that the conductor changed one of Jane’s
dimes to pennices. You may show how her money looked
then.” (On the board the teacher may change 40¢ to appear
thus, and the pupils may have on their desks 3 dimes @Go
and 10 pennices.) 40¢
‘Tt “Can Jane put 6¢ in the box now? You may all take away
6 penies and put them on the corner of your desk.” On
the board the teacher may complete the symbolic repre-
sentation: (330
4 0¢ at hirst
— 6 ¢ for fare
3 4¢ left
T “Suppose Bob had } dimes and he owed Tom 13¢2
How would you write this in numbers?  40¢
- 13¢

—

T: Tell what changing Bob would have to do before he could pay
Tom what he owed him.”

Explanation: When Bob had + dimes he had enough money to pay
out 1 dime and 3 pennies, but he did not have it in tie right
coins. He had to change one coin worth 10 pennies into 10 pen-
nics.

In the dramatization of carrving in addition and multiplica-
tion, borrowing in subtraction, and in showing the division
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process, it is necessary to use money only in denominations which
are powers of ten; that is, pennies, dimes, $1 bills, $10 bills, and
3100 bills, etc. However, in learning to count money and to
make change, pupils necd to have available for use toy money
in nickels, quarters, half dollars, and $5 bills also.

Further illustrations of the use of objective representation of
ones, tens, and hundreds will not be given here, since this is
adequately covered in the chapter by Thiele.

Using concrete materials in teaching common and decimal
fractions and percentage. The teaching of common fractions in
a meaningful manner requires the extensive use of concrete and
semi-concrete materials. The materials suggested below are
grouped according to the phase of the work with fractions for
which they scem particularly adapted.

A Fraction as One or More of the Equal Parts of a Unit. Ob-
Jective materials which may be used to develop the idea of a
fractional part of a unit include:

Apples, candy bars, oranges, cookies, etc.,, which children find it
neeessary to divide into fractional parts in their everyday ex-
periences.

A yard of ribbon, lace, tape, string, strip of Fapcr, which may first
be folded, then cut into a given number of equal parts.

An empty rectangular cereal box or a cylindrical salt box which
may be divided horizontally into halves, thirds, or fourths by
using a razor blade and cutting the box into equal sections.
‘These may be taken apart and put together again to show parts
of a solid

A glass measuring cup (the kind without sloping sides is preferable)
may be filled with colored water to show vividly 14, 14, 14, 2,
or 43 of a cup.

Paper pie plates may be cut into fourths, sixths, or eighths, to repre-
sent these fractional parts of real pies. The circular paper disks
on which bakery cakes are sold may be used in a similar manner.

Semi-concrete objects which each pupil may cut into equal parts
include rectangular pieces of paper, which may represent candy
bars, and circles of tagboard which may represent pics. The
parts into which these materials are cut should be appropriately
labeled on both sides so that pupils may continually associate
the symbol with the size of the piece which is being considered.
The circles should all be the same size so that pupils may readily
compare the size of certain unit fractions, as 1/2, 1/3, 1/4, and
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1/8. However, it is helpful for future work in adding and sub-
tracting fractions to have the circles of different colors. Red
circles may he cut into halves, bluc ones into fourths, green ones
into eighths, etc.

After concrete and semi-concrete materials have been divided
into fractional parts, jictures showing the various divisions may
be placed on the boar( “or analysis and study. Fractional parts,
such as 1/2, 1/4, 1/8, and 1/16, of circles which are the same
size may be shaded different colms. As relationships between
these parts are discovered by the pupils. the teacher mdy use
symbols to record these relationships on the board.

As rectangles are folded or cut into equal parts. diagrams show-
ing clearly the equivalence of certain “families” of fractions may
be placed on the board and also in pupils’ notebooks. Fach part
of a diagram should be drawn on the board as pupils perform
the action which the diagram pictures.

A ready-made diagram or chart presented to pupils without
accompanying activity is not as effective as one which is built
up step by step as pnpils use concrete materials. However, many
teachers make carefully constructed fraction, charts to be shown
to pupils gjter the development lesson. These charts are put up
about the room where pupils mav refer o them when necessary.
The following are illustrative.

R
{whole {celole 1 bole
1 1 1 Lo O
2 2 & 3 II g 2
|2 1] ANERENE ‘ ¢y ey
) 1 41 4 & 3 y e t g
1‘ IR co - AT
Al sl i@ E ' -
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A Fraction as One or More of the Equal Parts of ¢ Groupp. The
objective materials usable before the class include chans. books,
pads, pencils, paper plates, which may easily be arranged in equal
groups. The materials usable by each individual pupil inclede
play pennies, milk bottle caps, battons, small cut-outs, smuall
tickets, etc.
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Pupils may show with pennies that 1 4 of 12 pennies=3 pen-
nies; they may draw 12 pemnies in 4 equal groups to picture the
activity and they may use only the symbols 1/4 of 12=3,

When pupils have used concrete materials to show fractional
parts of groups, they have a background for the use of partition
division as a second way of expressing the division facts.

Pictures of circles, crosses, lines, squares, etc., arranged to show
fractional parts of groups, are helpful to pupils after actual experi-
ence in using real objects. Pictures such as the following may be
placed on the board. Pupils may use colored chalk and color
enough to show each of the relationships given under the picture.

o ° ° ° —_— ["I_W 1

° o o o D D D D L _JLJ,DDBDD

5) o o o — — mr‘r—*

o o o) o D D D L_.I L D L ,—]

DG [ LIS IR R I P’“f’r“[‘mr""

(o} o] o] o] H —— :__.L_..L_. I

L | .

Color: ('n or: Color:

1, of all the circles 15 of all the squares 1., of all the oblongs
red blue green

1, of all the circles 2, of all the squares 24 of all the oblongs
blue vellow red

Using Fractions to Express Comparivons. "The objective ma-
terials listed previouslv mav be used to introduce the idea of
using fractions to express comparisons.  Situations such as the
following may be illustrated with concrete materials.

On one shelb of the bookcase there are 8 readers and 4 arithmetics.
There are Uoas many aithmetios as readers, or there ate twice
s nrany aeirders as mithmetics,

In the fustrow thae e 6 bovs and | ginlse There are 25 as many
githy as bovs o1 Th, times as nuny bovs as virls,

Ao ¢ or et all e puptls in the 10w are bovs while 41, or
=, of the pupils are girls,

It should be noted that the concept of fractions vepresented by
the last two problems is presented somewhat later in the pupils’
hool evperience. than the othar fraction ideas.

O

ERIC

Aruitoxt provided by Eic:



E

171

Hlustrating Meaning of Proper Fraction, Inproper Fraction,
and Mixed Number with Real Objects and Pictures. From the
large varicty of objects which have been cut into fractional parts
and which are available in the room. pupils may be asked to hold
before the class materials to illustrate the numbers given below.
As each is displaved and as the symbols - e studied, the distinc-
tion between proper fractions, imprope. fractions, and mixed
numbers may be pointed out.

Arithmetic in General Education

Hf a vard of ribbon
3 \.uds of ribbon
21 vards of tape

v

Frocer Frace o

2 of an apple
14 pies (use paper pie plates)
i cakes (use cardboard circles)

@0 3]|o00-

e PRk AR R TAPEY

{

2

pmdae
LA

Pictures may also be emploved to illustrate the meaning of
proper fractions. improper fractions, and mixed numbers. Cut-
outs of apples. oranges, bananas, or circles may be used. Some
teachers paste these cut-outs on cards and make permanent illus-
trations which pupils refer to when in doubt as to the meaning
of any of these terms.

Ve mom qa s ey nAy oA
B el e o Sutd

7 %

9 , 7
pra Axed .x nmber /5 SecoenFracio

Hlustrating Addition and Subtraction of Fractions and Mixed
Numberswith Conerete Objects and Diagrams, The many circles
which pupils have cut into halves. “ourths, eighths, thirds. sixths.
twelfths, cte may well be placed in a series of boxes. ecach
labeled to show the fractional part it contains. It is sugaesied
that the circles cut up should all be the same size but of different
colors.

Many pupils will require a minimum amount of objective or
visual representation of addition and subtraction, while other
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pupils will necd a great deal of this type of work. Pupils who
need to do so may get materials to show combinations such as
the following:
I 1 3 1 3 1 11 7
itg 3tz 37 lz—1 l-g
Pupils may be given directions such as those listed below as an
exercise in showing addition and subtraction with diagrams.

Directions to Pupils:

Draw 3 diagrams like the one shown on your papers. On one dia-
gram shade 14 blue. Next to the part vou shaded blue, shade
vellow. What part is shaded altogether? What part is not shaded?

11,
itg =
'

Y z

=7 g

On another diagram, shade 15 green. Next to the part you
shaded green. shade 3¢ red. What part is shaded altogetherr What

part is not shaded?
1 .3
378
On another diagram shade 3; orange. Next to the part you shaded
orange, shade 14 green. What part is shaded altogether? 'What part
is not shaded?
3+1 s
g 177
The addition and subtraction of fractions and mixed numbers
which utilize objective and visual aids such as those described
above mayv well be undertaken by children a full year before
similar work without such aids is attemnpted. In whatever grade
the operations with fractions are introduced, the first steps should
include every opportunity for papils to use objective materials
freely. As pupils gain familiarity and a sense of security in deal-
ing with fractions, they will cease to depend upon visual aids.
Teaching Decimal Fractions. 1t pupils have cleorly developed
concepts of common fractions. it is not nccessary to employ con-
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crete materials very extensively in introducing the decimal frac-
tion. However, teachers sometimes find it advantageous to
continue to use circles and rectangles which may be cut up or pic-
tured to help pupils to visualize tenths and hundredths. The
equivalence of certain common and decimal fractions may often
be emphasized by the use of diagrams. The following are sug-
gestive:

fere e e -

_qr_:efod?i)z___ i !

i o

Ficurre 1 Fieirrr 2 Ficirr 3

Figure 1 presents visually the following relationships:

_ 15 .1 2
= 10 2 = —1-6 or .o 5 = -1-0 or .o
. o 100
Figure 2, although not completed, shows that l:.l..oo.
1 10 330 . > h0 _
'1_0_—1_(}‘0‘ or .10 ‘lo._ l()(i (8)] -;;O 10 == —-00 [§)] -.)0. etc.

Figure 3 may be used to explain the following relationships:

_loo 10 12y
L= 00 ™ 1o X = og OF -1
S R l Po3
9 F g 18Ty
150 3 o o -
o = G O ") g =25+ 124 = 373
L= or .25 bolLs
4 7 0 = 27 8 T H
1 | 3 J .
oty L 7F 0 412y = .62
3 | | 1 7

T an _. ==n - - —
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Draw a diagram like Figure 1 of a road one mile long. Divide
it into eighths. On the upper scale show the divisions by using
common fractions, On the lower scale, show the divisions by
using decimal fractions. This device often aids pupils in learning
the decimal equivalents for halves, fourths, and eighths.

» fmile
—_—l H 3 1 S 3 z 8
8 £ 8 2 a <t 8 8
|
! ! | !
0 125 .25 .375 5 o5 75 875 {00
FICURE 4

Draw a diagram like Figure 5 of a road one mile long. Divide
it into tenths. On the upper scale show the divisions by using
common fractions. On the lower scale show the divisions by using
decimal fractions. This device often aids pupils in learning the
decimal equivalents for halves, fifths, and tenths.

> {mile
! 2 7 3 2
& ) 2 5 S
—_— < 3 of £ & C A 9 12
£ ¢ “ w0 7. 0w A 10 0 10
‘ ! | ! i
: : I i : :
! 2 3 s 5 L 7 Ko} 9 1.00
FIGURE 5

Several simall pieces of squared paper, each piece containing 100
squares. may be provided for pupils. Pupils mav paste them in
their notebooks after they have colored parts as directed, Pupils
should understand that cach picce of squared paper vepresents
one unit.

Pupils may use one picee of squared paper to show the follow-
ing relationships:

a Shade 3 squanres in1ow A blue. Write a dedmal fraction and a

conimon hewtion o show what part of the 100 squares are
shaded blue.



Arithmetic in General Education 175

{. Shade 10 squares in row B brown. Express the part of all the
squares which are colored brown decimally in two ways and
fractionally in two ways,

. Use rows Cand D and shade enough small squares in red to
show that .11=.1+.01.

d. Use rows E, F, and G, and shade enough small squares in green
to show that .25 =.2.4.05.

. Use rows H, 1, and J. and shade enough small sqaares in vellow
to show that .3=.3¢

A T
B

c

D

£

E

G !

H |

e !

J | l L

FiGtRE 6

The teacher may prefer to draw 100 squares on the black-
board and carry through the above exercise with colored chalk
at the board before or instead of having each pupil engage in the
activity individually,

Pupils may use another piece of squared paper to show the
addition of tenths and hundredths.

a. Use row A, Shade .06 red and .01 blue to show that .06 +.04 =
10 or 1. Express this problem fracticnally,

b. Use row €. Shade .07 green and .03 vellow to shaw that 07 +
03=.10 or .1. Express this problem fractionally.

c. Use rows E and F. Shade .68 red and .06 black 1o show that
A3 +00=.11 or .1 and 0L To do this vou will need to fill
all the squares in row E before vou shade any in row I, Ex.
press this problem fractionally,

d. Use vows Hoand 1. Shade .14 green and .06 vellow to show that
A4 .06=.20 or 2. Express this problem fractionally,

Representing Mixed Decimals Tisually. Pupils who understand
the characteristics of the whole number svitem will probably
enconnter little dithculty in gaining the concents of pure decimals
and mixed decimals. However, teachers who have found work
in picturing pure decimazls, as described above. helpful for slow
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pupils, often continue the work with concrete materials to show
mixed decimals in some such manner as the following:

One piece of sruared paper, containing 100 small squares, is
used to represent a unit: one strip or 10 small squares represents
one tenth; and one tiny square represents one hundredth. Boxes,
appropriately labeled. are provided to hold a supply of units,
tenths, and hundredths.

Exercises in building small mixed decimals concretely are then
given. To build 1.23. the pupil may get 1 large square which
represents 1 unit, 2 strips which represent .1 each, and 3 tiny
squares which represent .01 each. These parts may be pasted on
a piece of paper of another color to represent visually the mixed
decimal 1.23.

Teaching Percentage. Percentage presents no new difficulties
for pupils who have a thorough understanding of common and
decimal fractions. All the concrete materials and exercises listed
for use in teaching hundredths may be applied to the teaching
of percentage. if this scems necessary, by merely changing the
terminology from hundredths to per cents.

Utilizing objective materials in developing concepts of meas-
ures. Pupils develop understandings of units of measure and skill
in the techniques of measurement by examining and using meas.
uring instruments. Pupils may obtain some general ideas from
observing the teacher or other pupils carry through measurement
activities. but the greatest value comes from the actual use of
measuring instraments by each individual pupil. Suggestions for
objective materials for the different types of measurement are
given below.

[ ivear Measure

I Measuring instruments:
Foor rulers, vardsticks, vard tape measures, 6 ft. carpenter's
rule ar 6 ftosteel tape, a 25 o1 50 ft steel or cloth ape measure.

= Objects which may be measured by pupils after they have esti-
mated the meisurements o be taken:
oo For mewsurement in inches—
Books. blotters, notchooks, desks, erasers. pencils. cereal
boxes, tin cans.
The dinensions of No. 2 and Na. 215 sized tin cans mav
he ipared, '
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The dimensions of 1 1b,, 2 1b,, and ¥ 1b. candy boxes may
be compared.

b. For measurement in feet—

Height of pupils in room.

Length and width of blackboards, windows, doors, maps,
table tops, bulletin boards,

Height of tables, desks, chairs, window sills, door knob.

Height of shelf from floor, height pupils can reach.

Measurements in the gymnasium or out-of-doors may in-
clude: laying off distances for 50 and 100 yard dash, laying
out baseball diamond, tennis court, volleyball court.

¢. For measurement in yards—

Materials usually sold by the yard, The pupils and teacher
may bring to school actual materials or something to
represent the materials sold by the yard:

Used Christmas ribbons.
Used lace.
Cellophane strips, such as new lamp shades are wrapped
in,
Shelf paper and edging for shelves.
Ball of string. spool of thread.
Roll of wrapping paper.
d. For measurements in miles—the importance of the car speed-
ometer-—

To gain the concept of a mile, pupils need to locate a place
which is approximately a mile from the school, then cover
this distance by walking, by riding a bicvdle, or by riding in
aaars Ina car the nip speedometer shondd be set at zero or
atan mtegral number o miles so that puptis may note where
they we when they e L1, .2, 5, and W9 of a mile from the
st ting point.

I the length of the school vard has been deternined, pupils
may hind out how many times this distance they would need
to walk 1o wo a mile. Finding the average length of the
blocks i the neichbor hood, then fimding the number of blocks
im a miles is also helptul,

Sonte help may be gained if a ity map is available showing
omnde, Tmnle, 2 mile dirdes, et

Construction of foot ralers and tape measures by the pupils:

it i impossible o provide as many oot rulers and vard-
sticks as e necessary, aptls mav make their own foot rulers
and tape measures, Pupnls may bring from home discarded card.
board suit boxes or the Luee preces of cardboard put in men's
shirts by the laondiies. rom these the teacher may cut on
the paper catter strips 12 inches long and 1 inch wide, Each
puptl mav be provided with a picce of sl paper T indh fong
which he mav nse as a anit 1o divide the 12 inch strin into
inches. “The T inch unit may nest be folded into halves and
used to mark off the haltf inches on the 1uler.
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A strip of dloth tape 1 vard long may likewise be marked otl
into inches and fractional parts of inches to make a tape measure.

Measures of Weight
1. Measuring instruments:
Several pairs of kitchen scales, weighing up to 25 1b.
Postal scales for weighing accurately in ounces and fractions
of an ounce.

2. Articles available in the classroom whose weights may be esti-
mated, then checked by weighing: books, notebooks, pencil box,
blackboard eraser, box of scissors, flowerpots, etc,

3. Articles which the teachers and pupils may bring in to weigh:

Dry beans which may be sewed into cloth bags in 1 1b. quan-
titics and used for pupils to lift so they get the “feel” of 1 Ib.,
and have a basis for estimating other weights.

Foods which are sold by weight—potatoes, app'es, squash, etc.,
which are not too perishable.

Boxed or canned goods, the net weights of which are given on
the labels, and the weights of which pupils may check.

Empty boxes and cans which may be weighed.

Measures of Time

An alarm clock @1 1 a stop watch.

A watch or cloek with a second hand.

A cardboard dock, consisting of a clock face drawn on (@ .ooard
and supplied with movable hands,

A series of clock faces printed to show various times to provide
practice in telling the tme.

A series of blank clock faces printed on paper. Pupils merely
insert the hands to show designated times,

An egg timer proves interesting to pupils,

Liquid Mea ure
1. Measuring instruments:

Glass measuring cup marked into thirds, fourths, halves.
Sepatate measuring cups holding 1;, 1, and 14 cup each.
Pint, quart, and 2 quart fruit jars.
L, pint, pint, and quart glass milk bottles.
Pint and quart milk cartons.
Glass gallon jug.
Gallon tin can.
1, and 1 gallon paint cans.

Dry Measure

Pint and quart berry box.

Peck, half bushel, and bushel baskets.
Siyuare Measure

L The concept of arca—developed through the use of square
inches:

O
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Pieces of candboard 1 indh on a side may be provided for each
pupil. Small rectangular picces of paper an exact number of
inches on a side, a ditterent sized piece for each row, may also
be provided. Row I's picces may be 37 x 27 vow 1I's 27 'x 47,
row 1I's 3” x 5, ete. Each pupil may be directed to use his
square of cardboard as a unit of measure and by actually apply-
ing it mak ofl the number ot square inches along the length
of his small recangular piece of paper. He may then find out
how many rows ol square inches there are altogether.,

HEREE

It the puptl canmot teli the total number of square inches at
this point. he continues to mank ofl all the squares. Following
one or more experiences of this tvpe the teacher may guide the
pupils in the tormulation of their own generalization regarding
the method of finding weas in square inches.

The concent of a square foot:

A piece of andboard 1 oot on a side mayv be used in a similar
manner at the blackboard to find the area of a figure 3 (1. by
4 ft. Thus it mav be demonstvated that the generalization ap-
phies to finding areas in square feet as well as in sqquare nches,

It may be demonsoated that 1T squane foot can be divided into
P squine inches by dvawing lines at the blackbomd or more
vividly by actually cutting up s ftoof paper into 144 ML
Fold a picce of paper Tt on asside into 12 steips, then cut
tham apart. Mark ofi one suip into 12 parts, clip together the
stitps, and cut oft the T indh squines, One demonstiation at
the Tront of the class is sufticdient o impress the puptls with the
fact that 12 tinies 12 square inches can be cat from 1 square foot.

- The concept of @ square vard:

Pupils mav mk ofl several spices on the floor which are
yvind ona sides Eacl one may then be divided into 9 square
feet.

[t s sometinies possible 1o have a picce of something which is
Iovaed onasides assa squane vard of linoleun, curpet, cork-
board, or cardboard,

Finding areas of rectangles:
Objects in e clasroom having rectangular surfaces of which
the awrea mav be found indude the following:
Areasof glass on picties, panes of glass in window and door
Areas o desks, tables, sections ot the biackboard
Areit of bulletin board, of posters, of chans
Find and compae meas of ditferent dasstooms,

Developnwnt of the formualas for wreas of parallelogrinms and
triangles;
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a. Area of a parallelogram—

Cut a parallelogram out of paper or cardboard such as
ABCD (Figure 1). From A, drop a perpendicular to CD,
Cut off the wiangle formed at the left and fit it on to the
right side of the figure as in Figure 2. It may be fastened
on by using transparent cellulose mending tape,

Since the area of the rectangle formed in Figue 2 is
found by multiplying the base by the height, the area of
the parallelogram is found by the same rule,

B M N
D O b .. P
FiGurre 1 FiGUre 2 Ficurre 3

b, Area of a triangle—

Cut another parallelogram from paper or cardboard such
as MNOP (Figure 3). Show the height (h). The area of
the parallelogram=bh. Draw the diagonal MP of the paral-
lelogram and cut along this line. Since the two triangles
we have [ormed can be shown to be equal, the formula for
the triangle is one half the base times the height.

6. Use of squared paper in finding areas:

Figures such as rectangles, parallelograms, triangles, trapezoids,
and trregular shaped figures may be drawn to scale on squared
pap « A drawing of this type provides a method of visualizing
clearly the number of square units in the surface represented
and often a dose approximation can be obtained from the scale
drawing.

Cubic Measure

In developing the concept of volume as the number of cubic
units of a given kind that a solid contains, it is helpful to have
available a supply of tiny cubes. Sometimes cubes of loaf sugar are
used to build up small solids, which can then be shown to contain
as many cubic units as there are units in onc laver times the number
of lavers,

Cubes of wood, soap, clay, or paper may be used in a similar
manner.

In work involving the finding of volumes of different solids, it is
important that pupils have clear mental pictures of the solids under
consideration. For this purpose a variety of objective materials
may be used. The following list is merely suggestive:

Models of cubes, pr-ms, ovlinders, congs, pyramids, spherves, and

hemispheres made of wood. soap, «Jav, or paper,

Familiar objects in the environment which are made in the aboye

shapes and which may be brought into the classtoom for meas.

urement and finding of volumes.

ERIC
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Rectangular solids--candy boxes, cereal boxes, shoe boxes, butter
cartons, boxes frozen vegetables come in.

Cylindrical solids—tin cans used for fruits and vegetables, cylin-
drical salt boxes, hatboxes, a stove pipe, a water px}:e, some
wiste baskets, pencils, some flower containers, kettles, fruit
Jars, pans, some ke tins, casseroles, pillars, pails.

Cones—ice cream cones.

Spheres—children's rubber balls, baseballs, golf balls, grapes,
oranges, grapefruit.

Intwitive Geometry
The intuitive geometry work in grades seven and eight includes
work with lines, angles, plane figures, and solids. In addition to
the materials suggested for use in studving areas and volumes, the
tollowing mav be listed:

Measuring instruments- -

Mecter stick

Compasses

Protractor

Triangles and T squares
I'ransit

Plumb-bob

Carpenter's level

Pictures and illusirative materials—

Prctures which show geometric forms in architecture and in
desien,
Samples oi linoleum, tapesties, wallpaper, cloth, which use
geomenic forms and desians,
Collection of buttons illustrating a variety of geometric forms.
There remains another important aspect of measurement which
has been merelv mentioned in a few instances—the realization
of the importance of units of measure in carrving on the busi-
ness of the community. In the actual teaching of measurement,
no separation should exist between the study and use of measur-
ing instruments and the social uses of the various units of measure.
For the purposes of this chapter. however, it seemed better to
discuss these two aspects sepavately. The social applications are
included in Part IT of this chapter.

Il UTILIZING SUPPLEMENTARY MATERIALS AND ACTIVI-
TIES IN GIVING SOCIAL SIGNIFICANCE TO
ARITHMETIC

To make arithmetic trulv significant for pupils. teachers find
it necessary to studv carefullv the wavs in which arithmetic func-
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tions in the home, school, and community, and then devise meth-
ods of helping pupils to develop an awareness of the large variety
of life situations in which arithmetic is used. and methods of help-
ing pupils to deal successfully with the quantitative aspects of the
situations discovered.

The arithmetic textbook sceks to emphasize the significance of
numbers by including a great variety of problems to solve, prob-
lems of the type that arise in the evervdav experiences of the
children or their parents, or problems which the children may
be called upon to solve in later life. The problems may be
of two types: a series of problems all based upon a single social
situation, or a group of problems about different social situations,
but all emphasizing the uses of some one phase of the work, as,
fractions, decimals, or percentage. The success of textbook prob-
lems in giving significance to arithmetic depends upon the extent
to which pupils recognize them as representative of real life
situations.

Teachers often find that added significance may be given to
arithmetic if the problems in the textbook are supplemented by
certain types of activities which are selected with a view to the
opportunities which they provide for understanding and using
numbers. Under this classification we may include the following:

Diamatization of life situations and business procedures,

Interviewing experts to obtain information about topics being
studied,

Taking trips.

Preparation of posters. bulletin board displays. and other types
of exhibits.

Making a class scrapbook or individual scrapbooks to hold clip-
pings, Hlustrations, and other supplementary materials.

Prepimadon and giving of special 1epois.

Construction of measuring instruments, of models. and of various
devices.

Analvzing imaginary life situations having quantitative aspects
about which first-hand inform.tion mav be obtained.

Participating in_activities of the fiome. school. and community
which have definite quantiative asp. cts.

Hlustrations of the manner in which some of these activities
mayv be initiated and carried through are given below. Tt will be
noted that often the use of one tvpe of activity leads very naturally
to the use of several others.
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Using dramatization of store activity in teaching whole num.
bers and measures. ‘The motivation for the study of the com.
binations and the four operations with whole numbers is often
accomplished by the dramatization in the classtoom of some kind
of store activity. Careful guidance by the teacher is necessary
in helping pupils to decide upon the kind of store they wish to
set up. ‘The choice will, of course, depend upon the grade level
and the abilities of the pupils, and upon their familiavity with a
similar kind of stoce in their out-ol-school experiences. To repro-
duce in the classtoom any type of store activity presents three
requirements: (1) Certain miaterials to serve as stage properties,
(2) delinite information obtained from the veal situation, (3)
certain mathematical abilities.

The grocery store is one of the types of stores most commonly
selecred for dramatization. A corner ol the classroom mity be
transformed into a wore or less realistic store, depending upon
the number and type of stage properties which children and
teacher contribute.

Socially valuable outcomes from he preparation of a grocery
store and the dramatization of buying and selling in the store
include the following:

By reading price lists from different stores, pupils become aware of

the 1ange in price which exists for certain articles,

l'us)ils reilize that they need to find an average price to charge for

e articles induded in their store.

Pupils find that fixed prices exist for certain standard brands of
goods.

Pupils come to realize the effect upon prices of large quantity buy-
ing., of inscason buying of fruits and vegetables, of buying at
special saldes, et

Pupils learn the unit in which eacharticle is sold, learn the mean-
ing ol the term "net weight,” and come to realize the importance
of studvity the information contained on the label of packaged,
canned, ard wrapped goods.

Pupils leann how to weigh things.

Pupils vealize the necessity for learning to estimate the total amount
of their bill, or the amouat of change they will receive, as well as
learning the method of ascertaining the exact total and the exact
amount of 1he change.

Pupils learn to count money and become familiar with the pro-
cedure of making change.

By canying on buving and sclling iransactions, pupils learn to use
the four operations with whole numbers,
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Other types cf stores about which pupils may gather informa-
tion preparatory to carrying on a dramatization include the fol.

lowing:
Grades 1-2-3 Grades 4:5.6
School supply store A florist shop
I'ruit and vegetable stand A jewelry stove
Ten-cent store A hardwire store
Five-cent to $1.00 stove An clectrical appliance store
Post office A clothing store
Cuafeteria A furniture store
A bakery

As pupils visit stores and read advertisements to obtain exact
information, they become aware of the important part played by
standard units of measure in the transaction of business. Some
teachers have pupils accumulate in their notebooks illustrations
of the units of meastire used in each type of store investigated.

The great variety of uses for different measures in a hardware
store is easily unclerstood when each pupil assumes the responsibil-
ity for making a classified list such as that given below.

Goods Advertised by Hardware Store

Uses for liquid measure:
House paint—$§2.89 a gallon. A gallon covers 600 sq. ft.
One coat enamel—b9¢ per quart
Liquid wax—14 pt. can for 59¢; 4 gal. can §1.29; 1 gal. can $2.39
Sprav for shrubs—1 qt. can 65¢; 1 gal. can $1.55
Furniture polish—$1.29 per quart
Saucepans with covers, 3 quart size—79¢

Uses for measures of weight:
Paint cleaner—4 1b. for §1.00
Qil soap and wool “ll’""l'e_39 Ib, can $1.10
Grass seed—29¢ for 1 1b,; 79¢ for 3 Ib.; §1.25 for 5 b,
Grass seed—40¢ for 1 1b.; $1.10 for 3 1b.; $1.75 for 5 1b.

Uses for linear measure:
Electric $ in. dvill—§7.95
Window shades 8’ x 6’ as low as 79¢
1009 pure manila rope, waterproof, 3 thick-~100 ft. for 45¢
Clotheslines-—size 74,” diamcter-—100 ft. for 29¢
Door mats, 14 by 24 inches—--$1.00
2% sink, cabinet type -$29.9%
Dish cabinets, white enameled, 68” high---$5.88
Gas stove, 16-inch oven fits into space 36 x 28 inches—$36.95
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Refrigerator pan, 14 x R x 5” size—88¢

Stepladder, 4 ft. size--08

Garden hoe, 64 inch blade, 4} ft. ash handle—G9

Lawn mower, 10 inch wheels, 16 inch cut—$5.5

Fencing, 42” high, galvanized 11 gauge wive fencing—T7¢ per
lineal feot

Uses of squire and cubic measures:

Vienetian blinds—35¢ per square foot
Inhiid linoleum--$1.25 per square yard
Refrigerator—6 cu, ft. size—$110.9

Dramatization of the operation of a bank. Pupils in grades
seven and eight, as wel, as younger pupils, profit greatly from
the dvamatization of life situations in the classroom. In prepara-
tion for the dramatization of a bank, pupils may visit a bank or
interview some one familiar with local banking practices to find
out:

The titles and duties of the men who work in a bank.

‘The procedure in opening a savings account or a commercial ac-
count,

How much money it takes to open a commercial or a savings
accovat,

How 10 make out deposit slips, withdrawal slips, and requests for
cashier's check.

How to endorse and cash a check.

Why it is necessary to be identificd when asking to have a check
cashed,

The rate of interest paid on savings accounts,

The method used {or computing interest on savings accounts,

‘The charges made by the {)ank tor carrying a commercial account,

The procedure in borrowing money from a bank.

‘The rate of interest charged by the bank for the loans it make:.

What is meant by collateral and why it is required,

What goes on in a bank before the opening hour and after the
closing hour,

That the bank often acts as collection.agent for gas, telephone, and
electric light bills,

‘That the bank has safety deposit boxes where valiables may be
kept.

’l'hatI the United States insures bank deposits up to $5,000.

In the play-bank opened in the classroom, all the activities of a
real bank may be carvied on it the following materiale are pro-
vided:
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Smal! noebools to serve as bank books,

Deposit and withdrawal stips, which may be mimeographed forms
micle like those used in the bank visited.

Bank statement—at least one which pupils muy examine.

Blank checks and stubs,

Promissory notes,

Toy money—botl coins and bills---and a cash drawer.

As work with the activity progresses, @ bulletin board exhibit
may be prepaved showing the tormns used in a bank; a diagram
may be drawn to show the travels of a check from the time it is
written until the canceled check is again returned to the one who
made it out; an interest table may be exhibited.

The study of banking may include the United State Postal
Savings System, and the bulletin board exhibit may rhow samples
of postal savings stamps, postal savings certificates, and pampblets
distributed by the post ofices which give information about
postal savings bonuds.

Similar types of material may be collected by each pupil and
placed in his notehook.

Organization and operation of a stock company., The follow-
ing activity was actually carried on very successfully by the eighth
grade pupils in one clementary school for several successive
seiesters,

The pupils decided to organize a company for the purpose of
putting out a monthly school paper in mimeographed form. A
charter to do business was obtained from the principal. The
amount of money required to start the business was determined
and was raised through the sale of shares at 10¢ each to members
of the class and to teachers in the school, Stock certificates were
mimeographed, filled out, and given to the stockholders of the
company.

As the business of mimeographing and selling the papers con-
tinued, careful account of the expenses and the income from the
sale of papers was kept. When the profits warranted it, a divi-
dend was declared and distributed,

Using original arithmetic plays. Gifted pupils may often be
stimuluted to write and produce plays which use information
gained in the arithmetic class. Opportunities of this type pro-
vide for an enriched program for the gifted pupils, and when the
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plays are given for the entire class they often serve to clarify con-
cepts for the less gifted pupils. The following titles for plays
are suggestive:

When the Life Insurance Salesman Called
The Adams Family Decides to Budget
To Buy—or Not to Fiuy—on the Installment Plan

The outline of scenes below indicates how one business trans.
action, involving the payment of commissions, may be made the
basis for a play.

A Real Estate Salesman Belicves in Signs

Scene I—The real estate man is in his office. He receives several
telephone calls from people who ask him to help them rent ov
sell their property. He writes sume ads which he telephones in
to the paper,

Scene II—He drives out to look at the property and places “For
Rent” signs on some and "For Sale” signs on others. He stays
at the house having a “For Rent” sign.

Scene Ii[—Several prospective venters come into the house. He
tells them the price and shows them around the property, telling
them the advantages of living theve. Finally one ol the lookers
says that he will vent the house, "The real estate min then asks
him for references and asks him to read and sign a form which
shows the conditions under which the place is vented. The
renter pays a month's rent in advance and receives a receipt
for it

Scene [IV—The owner of the property is in the real estate office and
the real estate man is telling him that he has looked up the
references of the man who wishes to rent his place. that they
are satisfuctory, ete, The owner then receives the balance left
from the fivst month's rent after the real estate man takes out
831507 for his work,

Using trips and interviews with experts as supplementary
activities. If pupils are to dramatize life situations in the class-
room, they need all the up-to-the-minute information about the
situation which the community can provide. Trips by individuals,
by committees, or by the entire class to certain places in the
community provide means of stimulating interest, of giving first-
hand experiences, and of obtaining authentic information. Care-
ful preparation should be made by the teacher before the trip so
that pupils are aware of definite observations to make and of
specific types of information to obtain. Places which may be
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visited with profit include: stores of different Kinds, a wholesale
market, a bank, the stock exchange, the post oflice, the office of
some public utility-—gas, clectricity, water, telephone.

Trips away from the school are sometimes diflicult to arvange.
Exact information can often be obtained by pupils by consulting
their parents or by interviewing friends of their parents. It is
also sometimes possible to arrange to have a merchant, a banker,
or a salesman come to the school to discuss certain aspects of
business with the pupils and answer questions.  Experts in their
fields may a'so be able to provide pupils with bulletins, booklets,
and pamphlets which may be studied in the clossroom.

Preparation of posters, hulletin board displays, and exhibits.
In many classrooms one bulletin board is kept exclusively for
clippings, posters, and other types of information related to avith-
metic. During the study of each topic pupils display materials
which indicate the application of the topic to as many out-of-
school situations as possible.

Bulletin Board Display Materials for Decimal Fractions

Daily weather reports from the newspaper showing that the vainfall
throughout the country is stated to the nearest hundredi of ae

inch.
Portion of the sport puge—showing batting averages as three-place
decimals,

Clippings giving speed vecords which use one- and two-place deci-
mals 1 stating parts of a mile, parts of a minute or a second,

Maps and travel mformation in which distances are given corvect
to the nearest tenth of a mile.

A drawing of a clinical thermometer, showing its gradation into
tenths of degrees.

A drawing of an automobile speedometer showing how tenths of
miles are indicated on it

Bulletin Board Display Matervials for Percentage

Advertisements showing the per cent of discount allowed during
sales of different kinds.

Scheduies showing rate of interest charged by small loan companies,
banks, and credit unions.

Newspaper articles which use per cents to indicate comparisons in
business conditions, in housing conditions, in health statistics, in
records of accidents, in sport vecoids, in population trends, ete.

Budget tables showing per cent of income to be spent for cach item
in the budget for different incomes.
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School records showing per cent of absence, of tardiness, of illness,
wael also showing per cent of children receiving the different
school marks,

Analysis of the local tax budget showing per cent of income allowed
for the different departments of government—schools, public
works, police department, etc.

Exhibits Other than Bulletiv. Board Displays

Mucasuring instruments-~which may often be horrowed from vari-
ous sources, such as a light nieter, pedometer or speedometcr,
transit, micrometer, carpenter's level, a plumb-bob, meter stick,

etc.
Collections—coins from different countries; collection of buttons

illustrating a variety of geometric shapes,

Analyzing imaginary life situations which have quantitative
aspects, Another type of supplementary activity suggested was
that of studying some imaginary life situation for the purpose
of answering certain important questions with regard to it in
the light of information obtained from the community, Several
illustrative situations are discussed below,

Proponents of the “incidental learning” theory would not in-
clude in the curriculum any arithmetic except that which occurs
naturally in some integrated unit which is being studied. 1he
situations described below may appear similar to the units of work
used in an activity curriculum; however, they are suggested here
because they provide one of several means of helping pupils
to use a definite body of avithmetic knowledge and skills which
are to be acquired.

SITUATION
The Adams family, which consists of the mother, father, and two
children, arc planning a summer vacation trip to San Francisco
o visit the World’s Fair. 'They plan to drive out in their Ford
car. They wonder how much money they need for the trip.

Questions to Be Decided

What possible routes are there for going out and for returning?

What ts the mileage by each route?

What points of interest are there en route which should be visited?

Decide approximate distance to plan to drive cach day so that
places to stop overnight may be located.

How many days will be taken for the trip out and back, including
stop-overs at places en route?

How many days should be allowed in San Francisco and vicinity?
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How much will the car expenses be for the wip—cost of gasoline,
oil, lubrication?

What will the cost of food and lodging be for the family for the trip
() if stops ave m: ce at hotels?
() il stops ave nade at cabins?

What will the expenses be while in San Francisco attending the
Fair—hotel expenses, food, sightsceing?

Wl}zu repairs will the car need before starting out, and what will
they cost?

Slmulzl extra insurance be carvied? What kind? How much will
it cost?

Obtaining the Information Needed

Obtain road maps and mileage charts from gas stations or local
automobile clulba.

Obtain books showing cabins and hotel accommodations at the
places where overnight or longer stops are to be made.

Obtain booklets and pamphlets describing points of interest en
route, as well as those describing things to do and see while in
San Francisco,

Wiite tor information about prices of gasoline in different parts
of the country, and find an average price per gallon.

Obtain information from a Ford car owner aLout the approximate
number of miles the Ford car will go on one gallon ol gasoline.
Also, find ont how often oil will probably lLave to be added,
and how often oil necds to be changed.

Pariations of Situation—Planning a Trip
Taking the train instead of driving. If the trip is to be made by
train, pu})ils will need to get timetables and information about:
Cost of tickets—first-class, tourist, and coach rates.
Cost of adult and children’s tickets for each rlass of fare,
Cost of berths and meals for each class of fare,
Time different trains leave and which ones make be t connec-
tions if stop-overs are planned.
Traveling out to California by boat through the Punama Canal—
back by ‘rain:
Information about fares on different steamship lines, about
length of time trip would take, etc., will need to be obtained.
Plan the trip for 2 people, instead of 4.
Plan to be gone diflerent lengths of time: 2 weeks, 1 month;
6 weeks; 2 months.
Plan .he trip to different parts of the country.
Arithmetic 'ncluded: use of the four operations with whole
numbers and decimals.

Jxhibit Materials
Pupils may make a map of the United States or use a map obtained

from some source and on it trace in blue the route going out
and in red the route returning.
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Pupils may post on the bulletin board piciures showing interusting
sights and beautiful scenery which they would expuct o see on
the trip.

Mileage charts, strip maps, timetables, may be displayed.

SITUATION

Communicating with friends while they are away on a trip. If the
man is a business man, he may wish people at_home to know
where he is cach night so that he can be reached if it is necessary.

Questions to Be Decided

How much would it cost to telephone to him cach night from
Detroit
a) before 7:00 p.m.?
gb) after 7:00 p.m.?
(c) person to person?
(d) station to station?
How much would different types of telegraphic messages to him
each day cost?
(a) 10-word day message.
(b) 50-word day letter.
(¢) 25-word night telegram.
How much does an air-anail letter cost? An air-mail special delivery?

Obtaining the Information Needed

Look up long distance telephone rates in front of telephone book.
Call telegraph office for rates for telegrius.
Ask at th2 post office for the cost of diflerent kinds of stamps.

SITUATION

Jane’s family just moved into a new home where Jane can have a
room of her own. How much will it cost to furnish Jane's room?

Questions to Be Decided

What is the size of Jane's room?

What pieces of furniture does she want in her room?
What colors does she wish to use in the room?

What will be the cost of furnishings?

Can the furniture be paid for on the installment plan?
How much could be saved if it could be bought for cash?
‘Are any of the stores advertising sales on furniture?

It so, will it pay to buy at the sale?

Obtaining Data Needed to Answer Quesiions

Obtain a blue print of the floor plan of a new house for pupils to
study and interpret.

Floor plans may also he obtained from the Sunday paper or from
several of the well-known magazines caoncerned with planning,
building, and furnishing hoiaes.
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Pupils may select from the floor plans studied a bedroom which
they may draw to scale, showing the arvangement of the doors
and windows,

Pupils may obtain the actual measurements of the space occupied
by a bed, a dresser, a chest, and a chair, and draw simple plans
o? them to scale; they may cut them out to use in deciding upon
the best arrangement of the furniture in the room.

Advertisements of bedroom furniture in different woods--maple,
mahogany, walnut—may be brought to school and prices may be
discussed.

If spec(ilal discounts are advertised, the amount saved may be com-
uted,

'I'Iie dimensions of the windows may be obtained from the blue-
print, or pupils may measure the length of windows at home,
i order to decide how many yards of drapery and curtain ma-
tevial to buy. Prices may be found in the newspaper.

Rug dimensions may be investigated and compared with the size
of the room to be furnished. When the proper size is decided
upon, prices of different types of rugs may be obtained from the
newspaper.

Pictures for the wall may be discussed. Jane may have an u.framed
picture which she wishes to have framed for her room. The
prict:i per foot of frame, the cost of the glass, etc., may be investi-
gated,

Variations of the Situation

The cost of furnishing a boy's room may be investigated. Pupils
may imagine that a family moved into a new house and wished
to tefurnish the living room. The information necessary may
be obtained and the total cost of furnishing it with inexpensive,
medium-priced, and higher-priced furnishings may be computed.

SITUATION

Bob's father has been making out his income tax report. Bob finds
that parents are allowed $400 exemption for each child under
18 years of age.

Bob is 12 years old. He wonders how much it costs his parents
¢ year (a) for his clothes, (b) for his food, (¢) for amusements,
such as shows, ball games, etc,, (d) for other expen.es, such as
dentist, doctor, haircuts.

Questions to Be Decided
Clothing:
What kinds of clothing does he need for the different seasons and
for different types of occasions?
What does each article of clothing cost, and approximately how
long does each wear?
What does the necessary dry cleaning for a year cost?
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Information needed to answer these questions may be obtained
from the typical twelve-year-old boy, from his parents, and from
clothing-store advertisements.

Food:

What constitutes a balanced menu tor breakfast, lunch, and dinner?
What is the average cost of food per day for a family of ¢?
What is the average cost of food per day for 1 person?

What is the average st of food per year for 1 person?

Obtaining Data Needed to dnswer Questions

Balanced breakfast, lunch, and dinner menus maz be obtained from
the houschold page of the daily newspaper, from recipe books,
or from scverullhouschnld magazines, Pupils may obtain some of
the necessary information from their mothers.

"Uhe recipes for preparing the foods given for cach menu ave usually
given along with the *aenu.

Current prices of the ingredients needed to prepare each kind of
load included in the menu may be obtained from the grocery
store advertisements in the newspapers, or from the hand bills
distributed from door to door,

Prices of foods not adveitised may be obtained by pupils by visiting
local grocery stores.

When pupils have computed the cost per person for a typical break-
fast, lunch, and dinner, this cost may be compared with costs
reported by certain organizations which make a business of ascer-
tiiing what a typical balanced meal costs at different scasons of
the year.

MTUATION

Jack went with his parents to the Flower Show. They saw so many
beautiful garden arrangements and so many lovely flowers, that
Jack’s father decided to lay out a new garden in their back yard,

He asked Jack to help him plan it, buy the materials for it, and
plant it

Information Needed

.-\J)pl‘oximatcly how much money can be spent on the garden?

What is the size and shape of the back yard which is to be made
into a garden?

What arc the soil conditions of the plot to be made into a garden?
Is the soil good enough as it is? Does jt need fertilizer? Or is it
so bad that it neceds to be removed and replaced with better soil?

What types of shrubs nre to be used in the Eackground——evcrgrccn
or flowering shrubs?

How do evergreens and flowering shrubs compare in price?

How far apart do shrubs need to be planted?

How many of each kind will be needed?

Whet kiads of perennials are available for planting in the spring,
ana s hat d s each cost?
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How far apart should perennials be planted?

How man? of each should be ordered?

How much space will remain for annuals?

What annuals should be selected?

Should they be grown from plants or from seed?

What garden tools will Jack and his father need, and approximately
how much will they cost?

Obtaining Data Needed to Answer Questions

Ideas for gardens may be obtained from plans given away at the
Flower Show, hom garden magazines, from the daily paper, and
from catalogs from nurseries and sced companies.

From the dillcrent garden plans studied, the class may select one,
and each pupil ma{ draw it to scale,

To bring in the question of soil conditions, the pupils may imagine
that tﬁe soil in the proposed garden is the same as in the school
yard, A sample of the soil may be sent to the state agricultural
department for analysis.

Information regarding the kinds of fertilizer available, the particu:
lar uses of each kind, the quantity in which it may be purchased,
the amount recommended for cach 100 sq. ft. of area, may be
obtained from a hardware store or from the garden department
of a department store.

When a report is received, the cost of the fertilizer needed to put
the soil into condition for a successful garden may be computed.

Descriptions and prices of evergveens, flowering shrubs, and peren-
nials may be o nained from the catalogs from nurseries, or the
cl:llsls may visit a stand or market where shrubs and plants arve
sold.

If the garden plan selected specifies each type of shrub and plant,
these prices may be looked up in the catalog.

Comparittive costs of using nursery-grown plants for the annuals,
or of planting the seeds, may be obtained by visiting the market
or a stand, Plants are sold in large quantitics by the “flat”
which may contain up to 10 dozen plants, or if purchased in
smaller quantities they are sold by the dozen or half dozen.
Plants grown from seed are much less expensive—as packages
of seeds usually cost from 5¢ to 25¢.

Information about the kinds of garden tools available from which
Jack and his father may 1aake their choice may be obtained by
a visit to a hardware store in the neighborhood, or from a study
of a catalog or advertisements from a hardware store.

Pupil participation in school activities having quantitative as-
pects. Probably one of the most effective methods of making
arithmetic significant for pupils is by capitalizing upon every
oppottunity which presents itself in the life of the school for the
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use of arithmetic. As many pupils as possible should be enabled
to participate in activities of the following types:

Taking cate of sale of milk.

‘Taking care of sale of tickets for entertainments.

Counting the lunch money to check the cashier.

Collecting bus fure for trip to conce-t, museum, flower show, etc.

Kecpinlg attendance records and making attendance charts and
raphs.

K(—i})mg records of athletic events in the gymnasium and on the
playground.

Taking charge of the expenses of a school picnic, or party,

Planning an%l buying trimmings for the sclmol Clwistmas tree.

Taking charge ot the school bank.

Checking in school supplies and taking care of inventories.

Making out time st.‘h(!c&l.llcs.

Analyzing school statistics.

Conducting a pa;l)cr sale to build up the school fund.

Keeping a record of the expenses for the school paper and the
receipts from the sale of papers.

Selling Christmas and Easter seals.

Mounting pictures, graphs. and diagrams for the bulletin board—
measuring margins carefully,

CONCLUSION

This chapter has set forth the viewpoint that both aspects
of arithmetic—that which aims to develop mathematical mean-
ings, and that which aims to develop social significance—may
be more effectively taught by the utilization of a variety of sup-
plementary materials, devices, and activities which may or may
not be suggested by the textbook or workbook in use. The teacher
who accepts this viewpoint will realize that the suggestions given
here do not nearly represent all the possibilities that exist for
the enrichment and vitalization of the arithmetic course. It is
this phase of the work that presents a real challenge to the
originality and to the initiative of the teacher.




Chapter 1X

WHAT BECTOMES OF DRILL?

BY B. R. BUCKINGHAM
GINN AND COMPANY, BOSTON

A the outset let it be said that the writer of this chapter as-
sumes personal responsibility for the views he expresses.
He believes himself tc be in substantial agreement with the prin-
ciples held by the Committee under whose auspices the present
Yearbook is issued. He has been at some pains to learn what
those principles are and has found himself in sympathy with them.
He ventures, therefore, to think that most of the views here pre-
sented, even though they may not be found in the same phrase-
ology in the Committee’s published opinions, are nevertheless
either plainly derivable from them or harmonious with them.
Doubtless, however, there are in the following paragraphs some
proposals on which the Committee has not yet expressed itself.
Perhaps, too, some interences have been erroneously drawn from
positions known to have been taken by the Committee. For all
such the writer is himself accountable. To him it would be a
source of genuine regret if his personal views, by appearing to
have the Committec’s sanction, should embarrass a group of
thinkers for whom he has the highes: respect.

NATURE OF DRILL

Let us start by thinking of drill in its essence without immedi-
ate reference to its application. Fundamentally drill is repeti-
tion. Its place in learning has been held to rest upon the validity
of the Law of Exercise. The current skepticistn as to chis law
has supported a doubt already long held as to the worthiness of
drill in a theory of learning. The common-sense experience of
the race, however, will be little affected by the proved lack of

196
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progress of a blindfolded laboratory subject in a thousand at.
tempts to draw a four-inch line,! This may be sheer repetition,
but no such sheer repetition has any practical place where
teachers and pupils join forces iu the interest of learning. In all
these practical situations, repetition—not unvarying iteration but
action having elements of identity—has always found an honored
place and will probably continue to do so. The theoretical ques-
tion as to the barrenness of mere repetition has, however, impor-
tant meanings as a guide in education. Some of these meanings
we may examine, but we shall not find among them any prin-
ciple which bids us abandon drill.

We:can’t do it. Even if mere repetition of an act abstracted
in the laboratory from all its connections fails to produce learn-
ing, we are still permitted to say that that sort of drill exists no-
where else except in a laboratory and that even there. like a china
nest egg, it is as artificial as it is unproductive. If repetition
does: 't produce learning effects, then (since learning really does
take place) those effects must be produced by something which,
though not repetition, is a normal accompaniment of it, such as
the sense of familiarity, or the idea of value, or the knowledge
of progress, or the stimulus of competition, or the recognition of
new uses for old experience, or the onset of deeper insights.
In short, it appears that what makes us learn, if it is not repeii-
tion, is something inseparably connected with it. Repetition
would seem to be a matter of form rather than of substance,
something like the schematic arrangement of an outline without
reference to the content of the outline, something which is
necessary to the result but which isn't active in it—a sort of
psychological catalyzer, facilitating the desired reaction while re-
maining itself inert.

To practical people dealing with classroom matters it may
seem unimportant whether children learn by repetition or by
something that goes with repetition. The questions at issue, how-
ever, are in fact exceedingly important; and they are more im-
portant and mcre challenging than ever before. There has been a
shift in emphasis from petty concern with the number of repe.

1E. L. Thorndike, Human Learning, pp. 8-10. D. Appleton-Century Company,
New York. 1931, PP Y pany
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titions and the exact: .ss with which one item of drill duplicates
another to concern for enhancing the effect of those accompani-
ments of repetition (Iargely associated with meaning) which turn
out to be the true carriers of learning.

For example, we no longer anxiously speculate as to the num-
ber of repetitions of 5+7=12 that are necessary for mastery.
If we do not know by personal trial that any such quest is futile,
the evidence concerning the Law of Exercise convinces us that
it is not the fact but the manner of repetition thac counts. We
are therefore sure that one occurrence of 5+ 7=12 does not equal
in learning effect another occurrence of it and that in the ab-
sence of meaning some of these occurrences may be useless or
even inhibitory.

Again, with better evidence concerning human learning, we
are not so painfully concerned that each element in a series shall
be of exactly the same kind as every other. In particular we no
longer analyze processes into such an appalling number of cate-
gories—the division of integers into 34 “unit skills” and the add-
ing of fractions into 42. The object was to provide under each
of these nuu erous classifications a series of items of identical
type for use in drilling the pupil on that type. The items, being
so closely alike, were admirably repetitive but were deficient in
the learning overtones which we now regard as indispensable.
Moreover, it was neither necessary nor expected that the pupil
would understand what he was doing. It was the drill, the repeti-
tion, that counted.

Change in concept of drill. To describe these matters is to
realize that a real change has taken place in our theory of learn-
ing—a change which is already beginning profoundly to affect
practice. In respect to drill, the truly important problem for us
is not to banish it but to give it a new meaning by loading it
with the elements which make ¢ effective. Those who have been
disappointed with drill and tl.e pitiful results of it are foolishly
saying “let us have none of it,” just as those who have (for curi-
ously identical reasons) been disappointed with primary grade
arithmetic have demanded that it be thrown out. This is too sim-
ple a solution. Progress does not take place in that manner. Old
ways have lessons for us; and this way certainly has. Drill should
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not be dropped or decried. To do so would be to handicap the
schools with a new fad.

Rather let us, first, seek new ways of making drill do a better
job. In the light of our present knowledge, we may be assured
that the more nearly drill approaches sheer repetition the more
barren it will be, while, on the other hand, the more it involves
the accompanying conditions already mentioned the more fruitful
it will be. If, therefore, we ask ourselves what place drill may
properly have in a theory of learning, we shall find that the
answer, though much more difficult than used to be supposed, is
nevertheless more vital and satisfactory, A study of this aspect
of drill will lead us into a territory rather different from that
which has hitherto been explored,

Secondly, let us apply the concept of drill to kinds of learning
with which it has not usually been identified. It is now several
years since the basis of the usual conception of drill was knocked
from under it. It is time for the necessary conclusions to be
drawn. The deprecatory way in which many of us think about
drill would disappear if we gave it a truer and more liberal mean-
ing. And this we certainly have a right to do now that we put
our faith more in the meaningful accompaniment of drill than in
the repetition as such which was so long held to be its productive
characteristic.

Drill in thinking. Success in thinking is facilitated by taking
thought on numerous occasions, i.e., by drill in thinking.> The
mastery of a generalization is won by frequent experience to
which the generalization applies, and frequency of experience
is a form of drill. The love of learning, the scientific attitude,
and the ability to get on with people are products of learning in
which drill plays a part. Perhaps ‘‘drill” with its bleak connota-
tion should be replaced by another word, perhaps by “practice”

2 The reader should note carefully that beginning at this point the word “drill”
is given an unusually extended meaning. In its traditional sense, which is to say,
in the sense of practice with as little variation as possible, “drill” could not
properly be used in these sentences. ‘The essence of the word as it is employed
in this chapter is that not one experience, but several different experiences are
requisite to thorough learning. whether the thing learned be the richness of an
important understanding or efficient use of a riore or less mechanical skill. See
the writer's clear statement of the meaning of drill on pages 196-197, (Editorial
Board)
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or by “recurrent experience.” Dewey's concept of growth through
reconstruction of experience is impossible without the idea of
recurrence. The things we most value in life are maintained by
action—and best maintained by repeated action. Lurking in the
distinction that we too often make between drill on the one hand
and ideational learning on the other, there is something of the
dualism in philosophy agdinst which Dewey has fought so vali-
antly. In his Quest for Certainty he argues against the age-old
separation between theory and practice. In doing so he says,
“We should regard practice as the only means (other than acci-
dent) by which whatever is judged to be honorable, admirable,
approvable can be kept in concrete experienceable existence.”
Of course, Dewey's term “practice” is not quite our term '‘prac-
tice” and the quotation may seem on that account less appropriate
than it really is. For what is the practice that we oppose to
theory? Is it not action evolving out of action, and forming itself
into patterns, all with highly repetitive parts and processes? It is
difficult to maintain any other position.

Two preliminary points regarding drill have now been made:
first, that the efficacy of drill lies in something other than its repeti-
tive nature; and, secondly, that we are therefore justified in apply-
ing the concept of drill (as recurrent experience) far more widely
than has hitherto been the case. Our position is not that drill
should be avoided but rather that it should be made more intelli-
gent in the fields to which it is now applied and that it should
be applied still more widely. Indeed it is doubtful if those who
vigorously denounce drill are wholly sincere. It is possible to
take the view that this present widespread deprecation of drill is
a sort of psychological revenge whereby the case is overstated, not
calmly nor entirely in the interest of truth, but rather with the
purpose of utterly extirpating a hated doctrine.

Application of principles to arithmetic. Let us now apply our
two principles to the ficld of arithmetic. The first principle will
bid us seek out the active, energizing, vital aspects of drill—the
concomitants of repetition which make the repetition effective.
The second principle will carry us into fields of arithmetic or, in
some cases, into kinds of arithmetic which are not ordinarily
associated with drill techniques.
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For the sake of brevity it may be well to eliminate from this
chapter much that might be said about drill, first, because it has
already been said a hundred times, and, second'y, because we shall
here be concerned with many other things. Accordingly this chap-
ter will avoid discussing the following points copied from Burton
who quoted them from Parker who got them from . . .?

(1) A correct start followed by correct practice must be ensured.
Speed should be subordinated to accuracy.

(2) Zcal, interest, and concentration of attention must be secured
and maintained,

(3) Feelings of satisfaction and dissatisfaction must be considered,
as they vitally condition the results of a drill lesson.

(4) Avoid wastes of time on accessory and nonessential processes.
Drill must be on the association or skill involved.

(5) The facts drilled on in games and devices must be applied in
real situations.

(6) The drill periods should be short and distributed over a con-
siderable length of time.

(7) Learn under some pressure.

(8) Use ready-made drill systems.

(9) In memorization there should be an analysis of the thought
content first. Correct recall stould be the principal method
used; the whole instead of the part method.

SOME VITAL ASPECTS OF DRILL

Reference has already been made to the ineffectiveness of sheer
repetition. The evidence on this point is conclusive and its ac
ceptance, especially on the part of those who adopt an organismic
psychology, has been all but universal. Thorndike himself has
furnished impressive experimental proof. On the other hand,
Koffka, Kohler, Hartman, Perkins, and Wheeler—the whole
Gestalt group—seem to unite in emphasis upon the barrenness
of mere iteration. They note the deadening effect of bald repeti-
tion when they attribute plateaus and recessions in the learning
curve to what they call “irradiation”"—an influence which exerts
a sort of paralysis upon the learner. It is not difficult for anyone
who has taught arithmetic to recognize the onset at various times
of this so-called irradiation. Children who knew (or at least could
say) 5+7=12 and 8+6=14 yesterday do not know these facts
today. Those who were apparently coming along nicely with their
long division go all to pieces. One cause of this is sheer unvarying
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drill, and too often the remedy applied is more drill of the same
kind.

The bad effects of unvarying drill, however, are by no means
confined to immediately observable errors in the process which
is being repeated. If our drill is devoid of intellectual content,
if it is merely repetitive, it is an encouragement to divided atten-
tion or double-mindedness. Thus we may find ourselves drilling
on nothing so effectively as on the double standard, the loss of
energy, and the habit of self-deception which Dewey brings forc-
ibly to our attention in Democracy and Education (page 209). He
speaks of the seriousness of “exaggerated emphasis upon drill ex-
ercises designed to produce skill in action, independent of any en-
gagement of thought—exercises having no purpose but the pro-
duction of automatic skill.” Continuing, he says, “Nature abhors
a mental vacuum. What do teachers imagine is happening to
thought and imagination when the latter get no outlet in the
things of immediate activity? . . . They follow their own chaotic
and undisciplined course. What is native, spontaneous, and vital
reaction goes unused and untested, and the habits formed are such
that these qualitics become less and less available for public
and avowed ends.”

Since this passage was written, some twenty-five years ago, thou-
sands of educators have no doubt read it. What do they make
of it? Very little it seems. A reasonable search conducted in the
interest of this chapter in the literature of drill and allied sub-
jects has failed to reveal any clearly marked effect of Dewey’s grave
warning. Yet the effect lies all about us in the product of the
teaching of arithmetic in the schools.

Observe the child when he enters the first grade. He knows
more than many of us think he does about number. Moreover
his knowledge is remarkably functional. He can use it; he can
apply it in concrete situations. For example, give him this prob-
lem: “If you had five cents and Father gave you three cents, how
many cents would you have then?” This situation is fully under-
stood by him and he can react intelligently to it. He will probably
reply, “Eight cents.”” On the other hand, if you ask him, “How
many are five and threc?”’ he will be likely to disappoint you.

Now consider the same child, or another one like him, after he
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has had a few years of schooling. What does his teacher say of
him now? The following is taken from a number of questions
asked by teachers of arithmetic in a certain aty: “My children
can do abstract work but they cannot solve problems; what can
I do?' Those who have taught arithmetic recognize in this
question a typical difficulty. Co.putational skill, no matter how
highly developed, is unsatisfactory. In described situitions in-
volving number relations the pupil is at sea in spite of his skill
in computation.

You will recognize the contrast between the child entering
school and the child who has received the benefit of schooling.
You observe the complete reversal: on the one hand, the ability to
sense the described situation and to act intelligently in reference
to it; on the other hand, nothing but a useless skill-—useless be-
cause in life no one computes except for the purpose of solving
a problem. It appears therefore that we have done something to
the child, and that what we have done is not good. Our drill has
been without intellectual content and has producel in too many
instances a purely formal ability.

The permanent effect of the school’s devotion to a barren type
of drill—to a drill limited almost exclusively to abstract compu-
tation—is evident in the arithmetical illiteracy of our people.
Everywhere we meet adults of otherwise reasonable training who
are almost helpless in the presence of numbers. They are un-
willing to read books and articles which present quantitative
ideas. They will not listen to an address which makes similar
demands upon their thinking. They blandly tell us that they
are “no good at figures,” in spite of the fact that persistent drill
in figures formed much of their schooling. As we know, however,
it was the kind of drill which Dewey again vigorously denounces:
“a drill which hardly touches mind at all-—or touches it for the
worse—since it is wholly taken up with training skill in external
execution.” In this connection Dewey does not fail to invoke one
of his favorite principles when he continues: *“Practical skill,
modes of effective technique, can be intelligently, non-mechan-
ically used only when intelligence has played a part in their ac-
quisition.”®

3 John Dewey, How We Think, p. 63. D. C. Heatl Co., Boston. 1933.
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One is reminded in this connection of the doctrire of “traces”
in organismic psychology. Experience produces trac:s, and one of
their characteristics is availability for new purposes. How the
traces thus become available is still obscure. *“However,” says
Koftka, *“one conclusion seems fairly safe: conditions which make
a trace more and more available for mere repetition of one process
will often make it at the same time less available for other
processes. Thus the educator should be verv conscious of his
aims when he decides whether to apply drill or 1ot. Drill will no
doubt make the traces more and more available for one kind of
activity, but it may at the same time narrow down the range of
availability.”*

From this we readily conclude that “range of availability” is
of the utmost importance in connection with the activity we call
drill. Actually, however, if we may judge from published drill
materials and from observation in the classroom, this character-
istic of desirable drill is entirely disregarded. The crux of the
question is the old and ever-true idea of function, of the use
you make of a thing Let it be understood, however, that in
deprecating a certain prevalent kind of driill we must not fall
into the error of trying to get rid of drill. We must rather im-
prove it and make it useful.

It is important to be sure, first, when (that is, at what times and
under what circumstances) we want to use drill and, secondiy, to
what fields we wish to apply it. Two aspects of the first pari of
our problem seem to present themselves, namely, readiness on
the part of the pupil, and the organization of the drill material
itself.

READINESS FOR DRILI.

The time has probably gone by when anyone would support a
drill theory which proceeded on the assumption that the child
can profitably be subjected to drill without being prepared for

+ K. Koflka, Principles of Gestalt Psychology, p. 547. Harcourt, Brace and Com-
pany, New York. 1935. Koffka is here using the term “drill” in its narrower
sense, as a procedure applicable to mechanical matters. He does not touch the
question of whether repetition of experience may not be actually planned to give
a wider "range of availability.”
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it. Here, as elsewhere, his readiness, his receptivity and sensitivity
to what is about to take place, must be proviced for,

In the first place, the dynamic force of purpose should be in-
voked. Drill without purpose is likely to be empty. As every-
body knows, the presence of purpose insures an effective organi-
zation of action. All the parts of the action take on unity and
meaning through their relevance to a larger objective,

How shall the appeal of purpose be secured in the administra-
tion of drill? By many means, no doubt; but mainly by making
the practice a part of something the pupil recognizes as useful.
Most potent will be the problem which arises naturally in the
child's life. Would that there were more of these and that we
had better means-of capturing them. They arc not, however,
available in sufficient quantity and variety to serve our need. We
shall therefore be obliged to fall back upon the described situa-
tion; that is, upon the well-known verbal problem. At its best this
is not to be despised. Indeed, under present school conditions,
it is more than likely that the body of verbal problems offered
in an arithimetic course can become the most significant part of it.
By no means all of these problems will involve computation.
All of them, however, should relate directly or indirectly to the
pupil’s interests. Their solution should appeal to him as worth
while. The abstract drill needed to insure solution then becomes
significant. This drill, however, may involve many steps. In order
that these steps may be seen to have bearing upon the larger
purpose, the drill should not only be preceded by problems but
also be paralleled by them.

Larger purposes than those supported by verbal problems
must, of course, be entertained; but we shall drop the matter
here lest we develop an excursus on this attractive subject. We
shall content ourselves by repeating that in the matter of readi-
ness for drill the child’s sense of purpose takes first place,

In the second place, readiness for drill is enhanced if the child
has a sense of the value of what he does. This is closely related
to purpose. Indeed if we accept “fitness for a purpose” as a defi-
nition of value, the child’s awareness of the relation of his task
to his purpose /s his sense of value. As a matter of theory, how-
ever, it is worth mentioning that whereas personal aims may have




206 Sixteenth Yearbook

no ethical reference, the value of an action cannot escape such
reference. Thus a pickpocket has base purposes and makes efforts
(including drill) to attain them. But his practice cannot in any
general sense be said to have value. Purpose then is personal;
value may not be. Accordingly when we say that the (hild should
have a sense of the value of any drill which he is required to
undertake, we provide for something beyond his self-regarding
purposes. At any rate, if the pupil has not reached the point
where he sees value in a particular type of drill, then he is to
that extent unready for it.

In the third place, readiness depends upon the confidence of
the pupil in his ability to do the task in question. He should
have the habit and expectation of success—a condition brought
about by a sustained policy of always preparing him adequately
for the drill he is to undertake.

In the fourth place, if the drill is not so linked to previous
experience as to arouse a feeling of familiarity, then the child
is not yet fully ready for the drill in that form. This principle
is evidently useful in organizing drill, but it is also a principle
of readiness. Not only should we arrange drill units so that
familiar elements appear as linkages, but we should also endeavor
to prepare the pupil for the recognition, emotionally as well as
intellectually, of these linkages. Our drill should be progressive
in range and difficulty, but it should never be really new. If it
is, then (according to our point of view) either it is bad drill
or the child is not ready for it.

In the fifth place, if the pupil is not prepared to some extent
to take charge of his own drill—the material, if necessary, being
provided for him—he is not yet fully ready for it. His ur readi-
ness may be due to lack of experience in taking responsibility or
it may be due to a lack of understanding of the field covered
by the drill ir question. In either case, since the objectives of
drill are personal, and since therefore they will he best assured
when the person most concerned takes an active part in attaining
them, readiness implies the ability to see the need and to help
in applying the remedy. The best drill has large clements of
self-direction.

With all the skill at our disposal in organizing drill, there
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will be times in actual practice when the ideals and motives above
referred to will be insufficient to carry the work forward and
when effort must be brought to bear. In the sixth place, there.
{ore, readiness implies that the pupil have at his command habits
of attention adequate to the requirements. At the same time,
it should be noted that attention, though an item in readiness,
is also, like several items already mentioned, an item to be con-
sidered in organizing a drill procedure. It is for the purpose,
among other things, of reducing the demands upon actention that
short prrcuce periods, time limits, distributed practice, and per-
haps learn.ug by wholes, are favored. But when all proper ar-
rangements of this sort are made, a certain span of attention is
still required. The ability to bestow, under the conditions pres-
ent, the degree of attention required is obviously an item in
the pupil's readiness.

The things we offer our pupils for practice cannot, therefore,
be considered apart from the readiness of the learner for them.
We have noted six aspects of readiness: a purpose in harmony
with the material, a sense of its value, self-confidence in under-
taking it, a feeling of tamiliarity with it, ability to take some
personal responsibility in reference to it, and habits of attention
adequate to meet its demands. Each of these, though viewed here
as a matter personal to the child, has perhaps equal bearing upon
the character of practice and its organization. Thus drill ma-
terial should have purpose and value for the learner; it should
inspire confidence and a sense of familiarity; it should provide
in some degree for self-direction; and it should be reasonable in
its demands upon attention.

THE ADVANTAGES OF ORGANIZED DRILL

To the writer, the advantages of an orderly arrangement of
learning activities are unquestionable. He cannot subscribe to
the doctrine that makes education a succession of improvisations.
To him “the basic material of study cannot be picked up in a
cursory manner.” It is true that occasions which cannot be fore-
seen arise, and always will arise as long as men are free to think
and act; and it is equally true that these occasions should be
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utilized. No theory of education which recognizes its experi-
ential character will deny the vigor and propulsion of such occa-
sions, The point, however, is that the dynamics of the unex-
pected incident should be used in the service of developing a
continuing line of activity, This is far different from trusting
to a series of fortuitous occasions to provide the material of learn-
ing., The point of view of the writer, therefore, is that which
Dewey expresses in his Experience and Education (see especially
pages 95-108). According to that view, the truly underlying
ideal in education—whether we are talking about drill or any
other aspect of education—is not merely, nor even predominantly,
a series of discrete contacts with reality, however vivid, but rather
the progressive organization of knowledge. Dewey is no doubt
thinking of many a mistaken follower of his when he remarks:
“In practice, if not in so many words, it is often held that since
traditional education rested upon 2 conception of organization
of knowledge that was almost completely contemptuous of living,
present experience, therefore education based upon living ex-
perience should be contemptuous of the organization of facts and
ideas.”

When experience is repeated we have drill in the conception
of the term employed in this chapter. If organized materials—
not necessarily as the starting point but as an objective—are desir-
able, then organized drill is desirable. The very doctrine of the
continuity of experience as a moving force implies not only de-
velopment, not only novelty, but also repetition.

We must use the occasions of the living present; we must
recognize the ongoing character of experience: we must invoke
repetition as well as insight; we must look toward a reorganiza-
tion—which, in spite of the prefix, does mean organization—of
experience; and we must seek, if men are to rise above the
fortuitous and the occasional, the orderly arrangement of knowl-
edge.

These things simply cannot be had without exercise, without
practice, witheut drill; and every argument for the organization
of educational efforts toward the accomplishment of purposes
bids us likewise organize our drill for the same ends. This de-
mand will play down rather than play up the virtues of improvisa-
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tion and will declare with emphasis and clarity that improvisation
is at once the béte noire of progressivism and the resort of the lazy
teacher.

THE INCIDENCE AND ORGANIZATION OF DRILL

The question of when to use drill involves, among other things,
the question of its incidence. One general rule can be laid down.
It is that drill should follow a certain degree of understanding
on the part of the pupil and should be designed to increase that
understanding as well as to impart such qualities as ease, fluency,
speed, and skill.

The more nearly formal the drill, the more complete the
understanding uf the pupil should be before he is subjected to it.
It is too often assumed that subject matter is understood when
it has merely been memorized in a formal way and can be repro-
duced. A better doctrine will assert that nothing is really known
unless it is understood. If, then, understanding is essential, the
less we are able to provide for it during drill, the more carefully
we must provide for it before drill.

Two procedures, therefore, are open to us and both of them
must be employed, although the emphasis on the one or the
other will difler according to circumstances. 'The first procedure
ic to develop carefully and concretely the meaning of the ma-
terial which is going to be used in a repetitive way. The second
procedure is to provide meaning during the course ot the practice
iself—a procedure the details of which need not delay us at this
point, ‘T'he character of these two procedures—both being in
the interest of understanding—may be illustrated by reference to
the number combinations. Our objective when we include these
combinations in our course of study is their automatic mastery.
Our approach, howcever, to practice in the combinations may well
involve a {ar longer and more inventive treatment of them, using
concrete detail and manipulation with much thought as to the
nature of the processes involved, than has hitherto been ex-
pected. s

The practice itself, should be less abstract and more clearly in
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the service of meaning.* Relationships among the items of drill
should be eagerly exploited. Perhaps even more important is the
utilization of meaningful material to supplement the abstract
material. It is entirely likely that the solution of meaningful
problems is itself a powerful type of drill, even with reference to
number combinations and processes, to say nothing of the bene-
fits of such drill in increased ability to solve problems. We are
not without evidence that one of the best ways to develop among
pupils the ability to solve problems is to practice problem solving.

The configurationists are especially strong in their emphasis
upon insight. Summing up this matte:, Hartmann goes so far as to
say: “Insight, then, takes the place of practice or repetition as
the key word 1n a configurationist picture of learning.”® This
does not deny the value of practice. It merely puts insight in the
more important position. Incidentally it would seem that this
question of priority is rather futile, like the fabled quarrel be-
tween the mouth and stomach as to which is the more important
organ of the body. The frequency with which acts are performed
unquestionably aflects progress in any performance. At the same
time, the protest of the configurationists, while it may by its vigor
fail to present a balanced judgment, is nevertheless wholesome.
Something like it had to come. The thousands of teachers and
millions of pupils who have been disappointed by misplaced
confidence in drill and especially by a use of drill at the wrong
tinie are entitled to a vigorous corrective. The insight or, in
Gestalt language, the configuration is the important thing. “Repe-
titions without the achievement of a configuration,” says Koffka,
“remain ineffective whenever they are not positively harmful.””

In arithmetic the extent to which the school went in robbing
i+: offerings of meaning—even claiming this as a virtue—can be
inferred both from the literature of ten or fifteen years ago (to

8 Emphasis upon relationships is scarcely characteristic of the traditional meaning
of diill. In his advociacy of more (and better) drill the writer {eaves small comfort
for those who have relied upon sheer repetitive ractice to accomplish ends which
as the writer clsewhere shows (e.p., page 197) cannot possibly be so achieved.
(Fditorial Board)

8 George W, Hartmann, Gestalt Psychology, p. 171. The Ronald Press Co., New
York. 1935,

7 K. Koftka, Growth of the Mind, p. 231, Harcourt, Brace and Company, New
York., 1925,
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which, alas! the writer contributed) and from observation in many
a classroom today., Repetition, in theory and in practice, has been
held to be the "key word™ in learning. As a consequence, mean-
ingful relationships within the material to be learned have been
considered not only useless but probably harmful (through “in-
terference™). For example, in mmranging the number combinations
for learning purposes, it has been vegarded as good practice to
keep apart those in which the same number appeared. According
to this doctrine, 4+4+5=9 could be followed by 8+3=11, or by
6+ 6=12, but not by any combination containing 4, 5, or 9, be-
cause (to be specific) it was held that 4+ 5 might later turn out
to be 7 instead of 9 if it were immediately followed by 4143=7.
With the present organization by relationships, common elements
are sought rather than avoided, and a number of helpful group-
ings of number facts are suggested.

Drill on wholes. In the interest of putting meaning into our
drill procedure, let us deal with wholes as far as the child's experi-
ence permits rather than with minute parts. The extreme sub-
division of topics is contrary to every modern conception of learn-
ing. Indeed. it would seem highly desirable that, for example,
each operation in arithmetic should be begun and for some time
practiced as a manipulative and as a thinking process. Each op-
cration (division, for example) would then come into view as a
whole and in its essential operational meaning. Thus approached,
it would be far better understood, with the result that its appli-
cation in concrete situations and in the semi-concrete situations
of verbal problems would be more successtul. Then the fifth
grade teacher would not be so likely to find that her pupils could
“do abstiact examples but not concrete problems.” Each abstract
process. as a process corresponding to a way of thinking, would
have its ovn inescapable meaning.

This is not the same as the proposal, sometimes made, that all
processes and procedures should be explained. There are many
ways of using numbers which some children cannot understand
(at least at their present level of maturity) no matter how well
they are explained. These ways sometimes depend upon the num-
ber systemm or upon ideas of a generality quite too advanced.
Nevertheless the processes themselves are needed. Moreover, the
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meaning of these processes as such can be understood as ways
of thinking about numbers and can be practiced as ways of han-
dling counted or measured things long before the manipulation
of digits (as in carrying or borrowing or finding the common
denominator or inverting the divisor) can be understood at all.

Overorganization. Are we not in some respects going too far
in organizing our drill materials? Do we not spend too much time
getting ready to do something important without actually doing
it? To many thinkers it seems that the school, long under the
dominance of atomistic ideas, has developed a passion for petty
detail. There ar~ those who say that the school gives most of its
attention to the background of thought while “thinking practice
is always just around the corner.”® Backgrounds of thought are
needed; but a school geared to the “'stuffing idea” will seldom
get past them. A little less meticulousness in our drill organiza-
tion and a little more largeness of view will be helpful.

For example, we do not need to lay so much groundwork for
remote and contingent uses. The next move in the arithmetic
curriculum—next, we mean, after the current tendency to transfer
the completion of certain topics to higher grades—may very well
be the ousting of some of the present “business practice” from
the seventh and ecighth grades. This present trend to defer the
completion of topics hitherto taught in the lower grades is already
congesting the upper grades, and we are soon going to ask our-
selves whether we want to teach taxation, banking, and invest-
ment to boys and girls of fourteen and fifteen. It hapvened (by
an odd coincidence) that the reductionists who worked over
our arithmetic course in the “teens” and twenties of this century
were themselves especially interested in business as a source of
subject matter. They therefore held it to be a sufficient reason
for retaining a given topic that it was good business practice.
Many years must elapse between the study of it and any possible
use of it; but it was “business usage” and that was, and has long
remained, a sufficient justification. This maladjustment can casily
be taken care of in the high school course in arithmetic which is
now developing. Meanwhile it is pertinent to raise the question

8 Robert W. Frederick et al,, Directing Learning, p. 481. D. Appleton-Century
Company, New York. 1938.
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of whether we do not spend too much effort getting ready to teach
and then actually teaching things which the child will not have
usc for until after he has forgotten them,

The idea of thoroughness. The limitation of practice to sym-
bols and tools and the consequent neglect of practice in higher
processes is closely related to the conception of thoroughness
which the school has long entertained. According to that concep-
tion, a teacher cannot conscientiously allow a pupil to move from
one topic to the next until the first topic has been completely
mastered. There is good reason to suppose that this idea is re-
sponsible for much loss of time and morale. Yet anyone rash
enough to hold a contrary view risks the scorn of the doughty
advocates of thoroughness.

Do you remember the accuracy standard proposed some years
ago by Thorndike for the number combinations? He said: “An
ability of 199 out of 200, or 995 out of 1000, seems likely to save
much more time than would be taken to acquire it, and a reason-
able defense could be made for requiring 996 or 997 out of
1000.”™ "The more severe standard, namely 996 or 997 per 1000,
was quoted with approval by Brown and Coffman, coupled with
the admonition that only when responses to the combinations
possess a high degree of accuracy will the pupil be “ready to take
up successfully the move difficult operations.”*® There is a whole
philosophy of education in this idea. It is the philosophy of
100 per cent accuracy in the “fundamentals” of arithmetic. It is
the philosophy which forgives an error of statement but not a mis-
spelled word in a letter. It is a philosophy which would keep the
school grinding away at petty tasks without coming to grips with
things of greater importance. And it is a philosophy which is pass-
ing and deserves to pass.

In arithmetic, with particular reference to the idea of ““a high
degree of accuracy” at each step before the next step is taken,
it is clear that this common concept of thoroughness quite dis-
regards the value of drill in application. To a greater degree than

9 E. 1. Thorndike. The Psvchology of Arithmetic, p. 108. The Macmillan Com-
pany. New York. 1922

10 Joseph C. Brown and Lotus D. Coffman, The Teaching of Arithmetic, p. 717.
Row, Peterson and Company, Evanston, Jll. 1924,
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is allowed for in this type of thinking, 7+5 and 169 and 8x 4
and 427 are learned in use—for example, the addition facts in
column addition and in carrying in multiplying, the subtraction,
multiplication, and division facts in long division, and all the
facts and processes in problems.

Good drill involves change. All drill if it is effective must, to a
greater or less degree, be progressive. It must tolerate change
and in many kinds of drill consciously provide for it. Somne of
the change is, of course, in the learner. He progresses, increasing
his skill and his awareness of his skill. When he ceases to im-
prove he is likely to lose interest and to remain stationary for a
considerable period, thus entering upon a plateau during which
he frequently quits altogether. We say he has lost morale.

Another type of change is in the goal to which the drill is
directed. Normally, at least as long as progress is made, the goal
entertained by the learner is growing and developing. It becomes
more advanced, more mature, more difficult—more, more, more,
including more firmly entertained. Drill, then, is not well or-
ganized unless it is motivated by increasingly better and more
fully accepted goals. This is one antidote to the monotony of
unvarying repetition. In some case. it is enough to have repeated
effort to attain or move toward a goal, allowing the content of
the effort to change. In such case it may be the change (which,
however, could not have taken place without the repetition of
effort) that accounts for most of the learning.

A third type of change is in the events theinselves. They should
not be all alike. Theoretically, of course, they never are in all
their details and circumstances, but they can be sufficiently alike
to deaden the learning. This matter of providing in our drill
for steady progress is a major problem in learning. It may be
met by changes in the learner or by changes in the goal as already
suggested. But a change in the material itself is desirable. More-
over, when made it reacts on the other two—the morale of the
learner and the goals he cntertains.

Change in the material, however, is not enough. The change
should be progressive; it should have direction. Such a type of
change has been called “pacing.” It calls for presentation to the
learner of tasks which increase with his ability. The increase

N
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will usually be in point ol difficulty, but it may also be an in-
crease in range, varicty, or importance.

We have already noted in this discussion that in its incidence
drill in arithmetic must follow understanding; that an appeal
to understanding should also be made throughout its course;
that whole ideas rather than parts of ideas and petty details should
be practiced; that in this latter sense our drill is often over-
organized in the interest of a rigid and too literal idea of thorough-
ness; and that, finally, drill must be progressive as to (a) the
learner, (b) the goal, and (¢) the task.

External organization. A\ higher type of organization concerns
the external articulation of one drill unit with another. Here
we find reasons for the disrepute into which drill has fallen. The
external organization of learning units has been based upon the
plan known as the “drill theory” whereby parts are divided into
parts and these in turn into still smaller parts and so on until
“unit skills” or some irreducible item is supposed to be reached.
These items so highly fragmented can have little meaning because
each is so far removed from the whole which alone can give
it meaning. The pupil is to be drilled on these items separately
and then is to build up for himself the larger parts of wholes.
This scheme is discredited by most of those who have recently ex-
pressed themselves on the su'ject. It is apparently the least prom-
ising type of organizing a series of drills.

The reverse process of beginning with the largest possible
wholes—these wholes, of course, being necessarily rudimentary—
has already been suggested. Another process which bids fair to
give good results is that which resorts to the purpose of the learner
and his goal-seeking activity rather than to the logic of subject
matter as a principle of organization.

A QUESTION OF TERMINOILOGY

In the foregoing pages of the discussion an attempt has been
made to look more closely than is customary into the nature
of the repetitive procedure which, at least when narrowly applied,
has been called drill. It has been shown that this repetitive pro
cedure, if it is to serve well even its conventional purposes.
should not be the mechanical grind that many have made it. In
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our few remaining pages we shall show that when regar(ied in this
more humanistic way, the procedure at once becomes serviceable
for purposes not usually associated with it.

Meanwhile what term shall we employ to cover this wider
field? Shall we narrowly restrict the term drill while thus extend-
ing its basic idea? If so, what other name shall we give to the
extension? Shall we call it practice? This term would serve well
enough if it were not already used to mean the same as drill
in the narrower sense. We constantly use the expressions practice
material and drill material to mean the same body of exercises.
Concerning a textbook or a workbook, we ask how much practice
or how much drill it offers on long division; and in either case we
mean the same thing. If, therefore, we decide to call the wider
uses of a repetitive procedure practice and the narrower uses
drill, we make a distinction between terms which have hitherto
covered the same ground. In answer to “What becomes of drill?"
it is hardly satisfactory to say, ‘It becomes practice.”

Shall we apply a wholly different term to the broader idea
which we have in mind? The writer admits his unwillingness to
do so. Educational terminology is already too elaborate; and
those who are engaged in extending it are of doubtful service to
the cause they represent. Their thoughts would be better under-
stood if put in plainer words.

It is therefore proposed that we keep the word drill, allowing
it to take on wider meaning as the objectives of arithmetic them-
selves widen. The writer sces, for example, no disadvantage and
some advantage in the expression *“drill in thinking.” Moreover,
he suggests that it is a commentary on our exclusive concern with
intelligence if we cannot accept “drill in tolerance of—"" or *“drill
in appreciation of—." These things are as surely products of
learning as knowledge of the interest formula or the ability to
write a check. They are likewise improvable, as other learnings
are, by recurrence of appropriate experiences, that is, by drill.

THE FIELD OF DRILIL

The reduction in the arithmetic course during the last thirty
years has been mainly a reduction in computation. In grades one

N
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and two the entire subject has either been omitted or devoted to
the development of concepts and number relations by concrete
methods. In all the grades some topics (mostly computational)
have been dropped and others have been postponed. Still other
topics—as common fractions, measurement (denominate num-
.. bers), insurance, taxation—although retained, have been changed
so as to represent ideas rather than mere figuring. .

What is taking the place of computation? What should take
its place?

For one thing, we are replacing computation from arbitrarily
given data with activities in which pupils obtain the data as well
as the answers. Instead of giving the shadow length of a tree and
the height and shadow length of a post, in order to find the height
of the tree, we send a group out to make the measurements and
then do the computing. The latter becomes an interesting climax;
but, as far as time and effort are concerned, it is distinctly sub-
ordinate. Of course, on this expedition pupils will make repeated
measurements and computations of shadows and heights. Even
the expedition will be repeated. Thus drill will be provided for—
drill in the whole activity, not just in the figuring. A committee
may make a crude transit out of a camera tripod, a protractor,
and a clock hand. Then data may be gathered for still further
indirect measurements. (N.B. Similar triangles will be better
understood.)

Other ways in which, by getting the data as well as the
answer, a superior type of drill may be applied are: finding circle
graphs in newspapers or magazines and interpreting them; mak-
ing out applications for money orders (or, better still, sending
the money); finding distances in miles on a map and using the
distances for some purpose; getting averages by first making the
needed measurements; opening a postal savings account; work-
ing out problems after making weather observations; finding areas
of figures drawn to scale; finding the value of n by measuring
round objects such as a wastebasket, tin can, lamp shade, water
glass, etc.; reading gas, electric, and water meters to find the
amount of the bill; window shopping (or newspaper reading) to
collect discount data for use in problems. If, with the progressive
variation already referred to, these and similar activities are
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done several times, in other words, if they become the subject
of drill, the learning effect will be greater than a single experi-
ence will permit. Moreover, with the reduction in computation
which characterizes the present arithmetic course, there is room
for this sort of thing though perhaps the full fruitage of such work
cannot be had until the course becomes more definitely a sec-
ondary school subject than it now is.

QUANTITATIVE THINKING

Another type of work which is taking the place of computation
in arithmetic, and to which drill ought to be applied, is quanti-
tative thinking, that is, thinking in which the data for thought
are numerical. One type of thinking (not necessarily quantita-
tive) is comparing, another is arranging, a third is classifying.
We may compare the French and British governments, or Wash-
ington and Lincoln. or liberty and equality. We may arrange
events in the order of their occurrence. We may classify vege-
table foods as roots, flowers, bark, fruit, seeds, etc. But if we
compare, arrange, or classify on a numerical basis such as weight
or money value, the thinking which our action involves or
sets going is quantitative thinking.

One is tempted at this point to say more than should be said
about comparison as a type of quantitative thinking. Much
important arithmetic gathers about it. First, we have comparison
by subtraction—the idea of more and, contrariwise, of less.
Secondly, we have comparison by division or ratio—the times and
the part idea. And thirdly, we have a combination of these two
in virtue of which we find the difference between two magnitudes
and express the ratio of the difference to one or the other original
magnitude, e.g., from the facts that the population of Seattle
in 1910 was 237,000 and in 1930 was 366,000, we may say that the
increase in population was 51 per cent. At any rate, a great deal
of the practical arithmetic of life comes under the heading of
comparison. Various ways of expressing comparison are con-
stantly found in periodicals. In order that pupils may understand
them, drill in this form of thought should be provided.

As to arrangement, suppose we have a table of measurements
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just as they were made. In order to understand them, we must
first bring them into some sort of order. The obvious one is
arrangement from smallest to largest (or vice versa) according to
size. This is, perhaps, not so much a matter of thought as it is
a basis of thought. From this arrangement we may select (selec-
tion is another thought type) the middle measure as a very good
expression of the general weight or central tendency of the
series,

Again, arrangement of data often leads to classification, the
third of the thought types above mentioned. Mecasures may be
grouped as more or less than a critical measure. “Fhey _inay be
put into a series of consecutive groups. as those between 20 and
29, those between 30 and 39, etc. Sometines classifications be-
come stereotyped and thus provide a ready-made instrument which
then becomes widely used and on the basis of which valid com-
parisons can be made, for example, the census bureau'’s classifica-
tion of cities according to population.

The types of thinking, quantitative or otherwise, are numerous,
and during the arithmetic course drill should be had on all of
them. In addition to the three already mentioned, the following
list may be suggestive: giving examples or instances like, em-
phasizing, judging or evaluating, adapting (to a related purpose),
discriminating, approximating, inferring, defining, planning,
choosing, summarizing, reproducing (acting under the guidance
of a number idea), identifying (recognizing and naming the num-
ber idea when its objective conditions are prescented), generaliz-
ing, applying, analyzing, choosing, explaining. illustrating, syn-
thesizing. Of course the four processes of arithmetic, as well as
proportion, are likewise thought types. Children are drilled
cnough on them in all conscience (except on proportion). but the
drill is not on the thought which they represent but on a par-
ticular arrangement of the digits of the Hindu-Arabic system
which happened to prevail after the sixteenth century and which
gets the answer.

ATTITUDE TOWARD NUMBER

As long as the greater part of the time and cffort of the pupil
is devoted to the trivialities of arithmetic, a large and generous
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attitude toward the subject cannot be expected. If his days are
spent in a purposeless round of drill in computation, if the
chief motive offered him is the far-off and uncertain prospect
of going into business, of buying insurance, of paying taxes, and
of investing money, he will have as little to do with arithmetic
as he can. It will seem to him an especially dreary subject and
his attitude toward it, not only in school but afterward, will be
one of aversion.

Attitude, however, is a by-product. One does not, except in a
bad sense, practice an attitude. Yet attitudes are acquired or
learned; we are not born with them. They are, in Kilpatrick's
phrase, “concomitant learnings.” This means, not that we prac-
tice or drill on desirable attitudes directly, but rather that our
drill, though otherwise directed, must bring repeatedly into play
these desirable attitudes.

This is part of the reason why drill should as often as pos-
sible be general rather than specific, and thoughtful rather than
mechanistic. For example, children are drilled on interest prob-
lems using the formula i=prt, but /ew of them either sec or use
the indirect cases or the corresponding formulae for p, r, and .
Are we told that in business, principal, rate, and time are seldom
computed? True enough. but there is a good answer to all that
if there were time to give it.

Children work upon specific numerical 1atios, yet they fall far
short of sensing the idea of a ratio. They shift decimal points
in specific cases without knowing why. They multiply particular
figures without thinking about multiplication as a process. They
have been too much concerned with small skills to see relation-
ships.

And they are what we make them. As adults, many of them
shrink from number and avoid as far as possible all situations in-
volving number. Their drill in school produced no favorable
attitude toward it.

The meaning of number is a mathematical question. Our
drill theory should certainly embrace this field. It begins when
the child enters school and it ought to continue as long as he
attends. First we have the concepts of small numbers and at the
other end of a long course we have the Theory of Number.
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In the primary grades it is all but fatal not to spend time in
drilling upon the two aspects of number concepts—their repro-
duction and identification. Enough has been written elsewhere
on this aspect of the question. Then, too, the different ways
of knowing a number must be cared for—the series idea, the
component idea, and the ratio idea.

As a rule the children of the primary grades will be working
on the meaning of numbers at three levels simultaneously. The
first level will be the one-place numbers, and these will be treated
according to the suggestions contained in the last paragraph. The
second level will be the numbers from 10 to 19, or the teens
numbers. These will 1eceive (in theory) all the treatment that
was used on the first level plus the new ideas which have to do
with these two-place numbers—the one 10 with or without accom-
panying units. (The zero will require some consideration.) The
third level runs from 20 to 100 and utilizes (again in theory) all
the earlier procedures. It permits some generalizaticn as to the
number system.

Throughout the middle grades the number system will be
carried far enovgh—probably to billions to permit a general
conception of the decimal system of whole numbers to be formed.
Mecanwhile decimals, beginning as money numbers perhaps as low
as grade three, will be introducing a still wider generalization as
the system is extended to the right of the one's place.

All this time a system of numbers not very closely related «.
the decimal system has been under development, namely, our
system of common fractions. At this point most teachers and
most courses give up the notion of imparting meaning—and this
in spite of the fact that common fractions are older in the develop-
ment of the race than decimals and are better known to children
from their lifc experience. Many a child on entering school
knows something about §, 4, 3, 4, and 3; but no such child
knows anything about 0.5, 0.25, 0.7, 0.33} or 0.66§. While
confining computational practice for the most part to fractions
of small denominators, the meaning of fractions—which also re-
quires practice—should suffer no such limitations. Within the
scope of the system there should be the fullest opportunity to
reach generalizations.
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THE SOCIAL SIGNIFICANCE OF ARITHMETIC

There are some who seem to believe that if we instruct and
drill on number in its mathematical meaning we shall have little
else to do. For example, it is held that we shall thus fully reveal
the meaning of the four fundamental processes. This theory is
attractive but it is only partly true. Its truth lies in the fact that
our preseut algorisms are all of a piece with our Hindu-Arabic
system and are therefore explained by it. If the system is well
learned, the algorism is halt learned before it is begun.

This, however, is not the whole story. The algorism which we
now use in multiplying is not multiplication; for other and quite
different algorisms not now in vogue are also multiplication.
The rest of the truth is that the essence of multiplication is out-
side our number system and thet it existed before our number
system was known.

What then will contribute to additional understanding of
arithinetic? Undoubtedly its social significance. As for multipli-
cation, it is all about us. It confronts us in tile and brick and
glass. It is wherever there arve rows and columns. It is found
in every multiple purchase and wherever numbers are repeated.
It is implicit in every rectangle and in every three-dimensional
container. We live in a world of multiplication.

To bring this and similar significancies in arithmetic to the
consciousness of the child and to do so frequently (the drill idea)
is to contribute to his sense of the value of the subject, to the
uses that he will make of 1t, to his favorable attitude toward it,
and to his understanding even of its mathematical meaning.

There are so many social uses of arithmetic that one cannot
name them. They are often institutional; for society, having uses
for number in certain special ways, has slowly created the necces-
sary organizations. The insurance company is a good example.
In that case number is used to create and riaintain a collective
effort where small sacrifices are pooled to prevent large losses or
to afford one large benefit at a time of crisis. The social signifi-
cance of insurance is the important matter, not the computation
involved in it.
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Other aspects of the social signiticance of number are not so
sharply institutionalized. For eximple, we have an arithietic
of production, of distribution, and (quite cousciously) of con-
sumption, yet we should hardly say that production, distribution,
or constmption are organized to the point where we can o 'l
them institutions quite as we can our system of banks or our
system of insurance companies.  Among these quasi-institution-
alized areas, that of consumption iy especially attractive, partly
because we are all consumers and partly because the ficld of
consumer avithmetic has already been worked to some extent.

Finally, the social significance of arithmetic concerns the indi-
vidual—as a member of society. Daily, almost hourly, we need
arithmetic in the reading of newspapers, magazines, and books.
We hear arithmetic and we talk arvithmetie.  Acithetic is our
daily need—and not ours alone, It is also the need of young
children. How is it that they have learned so mu . of this highly
artiticial system in the short six vears before they enter school?
They have had no human iustruction, except pechaps in rote
counting, because the home. if it teaches the child any school
subject, teaches him rveading. Yet careful investigators such s
Nita B. Smith and Mavion J. Wesley report an amazing use of
number on the part of six: and seven-year-old children. They
count; they add and subuact; they multiply and divide; they
use fractions; they measure and compare. They have actually
begun nearly all the things they will ever do in arithmetic,

If the lives of first grade children are so full of number, then
the lives of older children and of adults are. of course, still more
so. In this world of science, of the machine, and of instruments
of precision those who are quantitatively intelligent find large
and varied uses for avithmetic tn achieving theiv many purposes.
All of this points to the social significance of number and to the
need for its recognition in our educational program.

It is worth while. as we bring to a close this treatiment of the
ficld of drillito say that not meagerly, nor grudgingly, nor merely
on the occasion of an “activity,” but fully, frecly, and svstemati-
cally, the social significance of avithmetic should find a place in
our program. The aspects of it will vary more than those of any
other topic we have discussed. We are now, therefore, upon the
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outer edges of the field of drill. Our repetition has more variety
and less identity than ever before. If it were worth while to
arrange the types of material to wlich drill may be applied from
those in which repetition was most obvious to those in which it
was least obvious, the first types of material would be computa-
tional and the last would be social.

Yet, though near the boundary, we are still within our proper
area. Repetitive elements may be subtle, but they are neverthe-
less real. It is still true that recurrence of experience fosters
learning. There is still a place for drill.

The title of this chapter poses the question *“What Becomes of
Drill?” To which one may reply, “Why should anythiu ; become
of it? Why is the question raised?” It is raised because of the
rapid change in the curriculum and the objectives of arithmetic
during recent years. In fact, as the reader of this Yearbook will
reacily infer, arithmetic is on the march. It is plainly evolving
from a narrow computational subject to a subject of broad social
and mathematical import. The great incentive that used to be
offered to boys to do their “sums™ was that business needed fast
and accurate computers, and that jobs would awuit them if they
could qualify. Much of this has passed. Fast and accurate com-
puters are no longer men but machines. Meanwhile—partly be-
cause of the machines—the use of numbers in social ways has
been enormously increased. The youngster of today must know
what these numbers mean—their mathematics. He must also
know what they signify as indicators of social conditions. Arith-
metic—that is, arithmetic as used in the modern world—has
spread from the counting house into the general life of the
people. What then becomes of drill> If arithmetic is indeed
“on the march,” then drill should follow the flag. If in the long
fight azainst ignorance it has served well, it must not remain in
the old camp with the rear guard.



Chapter X

THE EVALUATION OF LEARNING IN ARITHMETIC

BY WILLIAM A. BROWNELL
DUKE UNIVERSITY

Fon the best interests of both, we have sometimes been told,
instruction and measurement must be kept apart. Consid-
erations involving measurement are held to impede the solution
of probleins of measurement; and, conversely, the task of meas-
urement is thought to require time and energy which teachers
might more properly give to instruction. Some test technicians
have not felt particularly handicapped by their ignorance of the
purposes of arithmetic instruction. On the other hand, teachers,
who supposedly know the nature and purposes of their subject
matter, are regarded as unable to evaluate the learning they have
directed.

This separation between measurement and instruction presents
a curious anomaly. It exists only in theory; it cannot actually
be maintained in practice; hence it is wholly artificial. Never-
theless, the attempt to establish the separation has been made,
and the effects upon classroom evaluation and teaching alike
have been most unfortunate. Let us start with these unfortunate
effects, reserving for a moment consideration of the artificiality
of the separation.

Effects of attempted separation of measurement and teaching.
One effect of the attempted separation has been to remove meas-
urement further and further from the immediate learning situa-
tion. Tests to be used for diagnosis and the evaluation of
achievement have been standardized, and in the process of stand-
ardization have lost touch with the features peculiar to the local
classroom. Indeed, it is the very essence of standardization as a
process to disregard local variations and to strive for a “‘national
average” of subject content and teaching practice. For certain
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purposes, such as are comprehended in the survey function of
measurement, for example, this averaging and this disregard for
local conditions are precisely what is needed. For other purposes,
however, especially for those purposes which relate most closely to
the organization and direction of learning, it is the local condi-
tions, lost in standardization, which are most crucial.

A second effect of trying to keep measurement and teaching
apart has been to limit measurement to outcomes that can be
most rcadily assessed. In arithmetic this has meant concern almost
exclusively with “facts,” with computational skills, and with
“problem-solving™ of the traditional sort. The necessity for de-
veloping proficiency in these areas is obvious. Furthermore, meas-
urement of these outcomes (or at least partial measurement) can
be managed by objective techniques. As a result, many experts in
test construction have confined themselves for the most part to
these outcomes, as have also teachers who have followed their
lead. But, as will be made clear below, there are other arith-
metic outcomes, fully as important if not so obvious as w.iose
commonly attended to, and these outcoines under present practice
are neglected.

A third ill effect of the effort to separate measurement from
teaching has been to limit unduly the techniques which are
serviceable for evaluation. It is not far from the truth to say
that evaluation in the broad sense has been narrowed to measure-
ment in the narrow sense, that such measurement has been made
virtually equivalent to testing, and that testing has become the
administration of paper-and-pencil tests, usually of an objective
character. Valuable as are such objective tests, whether cornmer-
cial or local products, they cannot readily carry the full burden
of uvaluation. There are other procedures which are now ignored.
These other procedures, to be described below, are casily man-
aged by teachers and, what is more important, they uncover kinds
of learning processes and products which at present clude paper-
and-pencil tests.

The fourth harmful effect of the desire to separate measure-
ment and teaching, 1d the last one here to be considered, has
been to create confusion with respect to the purposes of evalua-
tion. Learning may be evaluated for a number of reasons. One
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may be the diagnosis of failure; another, the measurement of
progress over short units or sections of content; yet another, the
pre-testing of abilities before starting a new topic, as a means
of “establishing a base line” or determining a common ground
for instruction in a given grade. Tests, commercial or otherwise,
which are suited to one purpose are not thereby suited equally
well to other purposes. Indeed, it might even be argued that the
better a test serves one function, the less well it can serve others.
For illustration, the better a test “surveys” (e.g., permits com-
parisons of a school system with other school systems or with na-
tional norms) the less effectively it ‘“diagnoses.” Yet, several
survey tests in arithmetic incorrectly bear the label “achievement
test” and are improperly used for the latter purpose, as well as
for other purposes even more remote from the function for which
they were devised.

The four consequences of the attempt to divorce measurement
from instruction which have been mentioned reveal the essen-
tial artificiality and impracticability of the attempted separation.
The facs of the matter is that, despite the effort to do so, meas-
urement and teaching have not been kept apart. Classroom in-
struction has emphasized the outcomes and only the outcomes
with which measurement technicians and some measurement
theorists have worked, and it has used the evaluation procedures
and only the evaluation procedures favored by them.' The pov-
erty of the results of arithmetic teaching under this scheme of
things has been all too well ex; osed. It has been exposed in the
fact that children are not able to use the arithmetic they are
taught in dealing with the simple personal quantitative problems
of the adult world into which they are presently to enter; indeed
they are not even sensitive to the quantitative aspects of their
own daily lives. T'he poverty of our teaching has been exposed,
too, in the arithmetical deficiencies of adults who have been

1 There are of couise occasions when measurement and instruction must be
separated. This is true when tests are correctly used in some kinds of research and
for survey putposes. It is tiue at times when pupils are to be cluassified for certain
reasons, as, for example, in making up sections in a cosmopolitan junior high school
which draws from many lower schools. But this chapter deals with the evaluation
of learning: in other words, with esaluation as it relates to the improvement of

teaching. On this account the consequences of separating measurement from instruc-
tion, helpful in non:instructional situations, are here viewed as harmful.
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subjected to eight or more years of school arithmetic. Witness
the typical adult’s efforts to cvade the quantitative demands of his
life and his embarrassment and uncertainty when there is no
escape from them.

To some readers the foregoing discussion may appear to be
somewhat academic and unreal. Among these readers will be the
many excellent teachers who never have thought of separating
measurement from teaching but have steadfastly ¢valuated learn-
ing in order to improve the effectiveness of their teaching. Ad-
mittedly, the past few pages have not been written for such per-
sons. Instead, they have been intended for persons who have
not yet accepted the full import of modern conceptions of educa-
tion according to which children and the problems relating to
their learning are the central consideration in the classroom.

The purposes of this chapter. The purposes of this chapter are
two in number, the first of which has been already foreshadowed
in the criticisms offcred in the paragraphs above. The purposes
are: (1) to outline a point of view with respect to evaluation
(a) which relates evaluation to tcaching, and (b) which makes
evaluation comprehensive enough to include all objectives or aims
of arithmetic instruction; and (2) to illustrate as far as possible
concrete procedures for evaluating outcomes now too often over-
looked. In order to save space for the second and more obviously
practical purpose, the statements to be made with regard to the
first purpose must be held to what is essentially an outline.

A POINT OF VIEW WITH RESPECT TO EVALUATION

As has already been suggested, the thesis of this chapter is
that instruction and the evaluation of learning cannot be kept
apart in theory and should not be kept apart in practice. Instruc-
tion and evaluation go hand in hand. As teachers develop new
insights into learning—its difliculties, its stages or phases of de-
velopment, the basic understandings required for each advance
step in learning—as teachers acquire these insights, they will em-
ploy them in improved evaluation. And as they correct or modify
their evaluations and devise procedures which are more compre-
hensive and more penctrating, they should come upon new data
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of great significance for the better guidance of learning. Viewed
thus, instruction and evaluation are inseparable and mutually
interdependent.

If the recommendations to be made in this chapter were ac-
cepted and practiced, certain values would accrue. In the first
place, evaluation (the broader term will henceforth be used in
place of measurement) and teaching would both start with arith-
metic outcomes—with all the arithmetic outcomes which are
deemed worthy of attainment®* FEvidences would then be ob-
tained, so far as can reasonably be done, on all types of growth
and at all stages in this growth. In the second place, any pro-
cedure whatsoever which might shed light on learning would be
accepted and utilized. Wider recognition would be given to
observation, to the interview and conference, and to other tech-
niques which can yield information on the progress of learning.
In the third place, the various purposes for which evaluation is
undertaken would be recognized in the kinds of procedures which
would be used. In other words, evaluation procedures would
be adapted to the ends for which they are best fitted. In the
fourth place, evaluation would be continuous with teaching and
learning. Evidence on learning would be collected daily (occa-
sionally by tests, more often by informal prccedures), instead of
irregularly and spasmodically. In the fifth place, evaluaticns
would be immediate and intimate; they would reflect the unique

21t is no longer possible to assume that a test of computational or problem-
solving ability measures all arithmetical outcomes—if indeed this assumption ever
was tenable on logicul grounds. Brueckner, using Vocabulary and Quantitative
Relationships sections of the Unit Scales of Attainment with 4538 children in grades
four A to five B, ohtained coeflicients of correlation of .361 between “vocabu-
lars™ and “computation,” and of 522 between the former and “problem solving.”
Scores on the Quantitative Relationships test correlated 576 and 661 with “com.
putation” and *“prohlem solving,” respectively. (Sce Leo J. Brueckner, “Inter-
corvelations of Arithmetical Abilities,” Journal of Experimental Education, 3 : 42-44,
September, 193+) Since that date. Spainhour's investigation has confirmed these
results. Spainhour devised special tests of “mathematical understanding” (reliability
cacfficients of .901 for grade four and of 933 for grade six), and administered them
along with the New Stanford Reasoning Arithmetic Test and the New Stanford
Computation Arithmetic Test to 143 children in grade four and 136 in grade six.
In grade four the “understanding” test scores correlated 665 and 751 with “problem
solving™ and “computation,” respectively, In grade six the corresponding r's were
751 and \756. (Richard F. Spainhonur, “The Relationship Between Arithmetical
Understanding and Abilitv in Problem Solving and Computation.” Unpublished
Master's thesis in education, Duke University, 1936.)
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conditions, emphases, and factors affecting learning in particular
classrooms. And for this reason they wout'd provide teachers with
the kinds of information which they most need in order to direct
learning.

These gains are not to be won by wishful thinking. Admittedly,
they represent an ideal state of affairs which now can be no more
than approximated. But even so, the approximation in itself
will mean important progress away from present practice in evalu-
ating outcomes.

Comprehensive and functional evaluation in arithmetic is
dependent upon the effective relating of a number of factors. We
need, first of all, an adequate statement of arithmetic outcomes.
Second, we need to recognize the peculiar demands of different
purposes in evaluating learning as these demands affect evalua-
tion procedures aad ins*-uments. And, third, we nced to have a
practicable program for evaluation. This third requirement in-
volves (a) knowledge of effective procedures and their limitations,
(b) a realistic understanding of what can and cannot be done by
the classroom teacher, and (¢) the actual planning and designing
of evaluation procedures. This last named item (c), is reserved
to the last part of this chapter. The other items listed above will
now be considered in order.

Acceptable outcomes. There are dangers in setting arithmetic
outcomes. In the first place, there is the danger that the mere
listing of outcomes separately may for some carry the implication
that these outcomes are isolated from each other and are to be
achieved independently of each other, one at a time. But out-
comes are not thus distinct; rather they overlap in meaning, and
they are probably best achieved when they are achieved more
or less together in their functional relationships. 1n the second
place. there is the danger that outcomes may be regarded as ends
to be attained once and for all, the quicker the better. But
outcomes are not so to be conceived; they really stand for direc-
tions of growth. In the third place, there is the danger that
from a list of outcomes questionable tcaching practices and forms
of curriculum organization may be inferred. Not always should
particular outcomes be at the immediate forefront of thinking
when learning activities are being considered. After all, as we
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have been told almost ioo often, we teach *the whole child.” Out-
comes function best in teaching when they constitute the back-
ground of thinking. against which may be projected possible
teaching plans. When, however, evaluation rather than teaching
is the major concern, outcomes as such become more immediately
impertant. In the fourth place, there is the danger of a suggestion
of finality in any formal statement of outcomes. These outcomes
work their way into educational thought; they come to be accepted
as definitive, and they are modified only with great effort.

In full awareness of these dangers a list of arithmetic outcomes
is given below. This list is not the result of Committee action;
it does not bear the label of the Committee’s authority. Instead,
it is offered purely as the writer's own formulation. After all, if
evaluation must start with outcomes, we must know what the
desired outcomes are. and the list below seems to the writer to be
adequate at present as a working basis,

(1) Computational skill:

Facility and accuracy in operations with whole numbers, com-
mon fractions, decimals, and per cents. (This group of out-
comes is here seperated from the second and third groups
which follow because it can be 1solated for measurement. In
this separation mud is lost, for computation without under-
standing when as well as fiow to compute is a rather empty
skili.  Actually, computation is important only as it con-
wributes to sodial ends.)

(2) Mathematical understandings:

a. Mcaningful conceptions of quantity, of the number system,
of whole numbers, of common fractions, of decimals, of
per cents, of measures, ete.

b. A meaningful vocabulary of the useful technical terms cf
arithmetic which designate quantitative ideas and the "c-
lationships betwcen them.

c. Grasp of important arithmetical generalizations.

d. Understanding of the meanings and mathematical functions
o” the [undamental operations.

e. Understanding of the meanings of measures and of measure-
ment as a process,

f. Understanding of important arithinetical relationships, such
as those which fundion in reasonably sound estimations
and approximations, in accurate checking, and in in-
genious and resourcetul solutions,

g Some understanding of the rational principles which govern
number relations and computational procedures.
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(3) Sensitiveness to number in social situations and the habit of
using number effectively in such situations:

a. Vocabulary of selected quantitative terms of common usage
(such as kilowatt hour, miles per hour, decrease and in-
crease, and terms important in insurance, investments,
business practices, etc.).

. Knowledge of selected business practices and other economic
applications of number.

. Ability to use and interpret graphs, simple statistics, and
tabular presentations of quantitative data (as in study in
school and in practical activities outside of school).

d. Awareness of the usefulness of quantity and number in
dealing with many aspects of life. Here belongs some un-
derstanding of social institutions in which the quantita-
tive aspect is prominent, as well as some understanding
of the important contribution of number in their evolu-
tion.

. Tendency to sense the quantitative as part of normal ex-
perience, including vicarious experience, as in reading, in
observation, and in projected activity and imaginative
thinking.

f. Ability to make (and the habit of making) sound judg-

ments with respect to practical quantitative problems.

g Disposition to extend onc’s sensitiveness to the quantita-
tive as this occurs socially and to improve and extend
one’s ability to deal effectively with the quantitative when
so encountered or discovered.

-
S ad

o

o

Purposes of evaluation. Evaluations of learning are under-
taken, or should be undertaken, for several different reasons.
These differing purposes introduce variations into the procedures
and instruments to be used. For example, as the learning area
which is sampled is extended, the thoroughness of the sampling
diminishes. What seem to the writer to be the five chief p1.rposes
of evaluation are listed below.® In each instance both the mecan-
ing of the purpose and the significance of that purpose for the
kind of evaluation procedure to be used are illustrated in terms of
paper-and-pencil tests. Tests are employed in this connection
because teachers are more familiar with them than with some of

8 Evaluat,on is also used to motivate lemning, and this purpose of evaluation
might have been included as the sixth discussed. This purpose was, however,
omitted, first, because motivation is - general effect of evaluation regardless of the
particular purpose for whiclh it is used, and second, because abuses easily arise
from this use of evaluation. For instance. when tests are used for this purpose,
the motivation is likelv to be extrinsic and harmful to sound learning, rather than
intrinsic and beneficial.
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the other procedures. Illustrations of other evaluation procedures
will be given later with greater emphasis.

The chief purposes of evaluation are:

1. To Diagnose Class and Individual Diffirulty. Effectiveness of
diagnosis is dependent upon the intensity or depth of evaluation.
That is to say, diagnostic data increase in value as they pass from
a mere locating of the places of difficulty to an analysis of the
causes of difficulty. On this account, special care must be exer-
cised not only to include (a) all critical steps, processes, uses,
opportunities, and so on, and (b) enough samples of each to yield
reliable measures, but also (c¢) to discover insofar as is possible
the thought processes which children employ in dealing there-
with. Diagnostic tests must usually be restricted in their range
of coverage in order to insure such depth and intensity.

2. To Inventory Knowledge and Abilities. Inventories are made,
for example, to determine “readiness” for a new topic or for the
start of instruction in a grade. The usefulness of this kind of
evaluation has been made steadily more apparent as we have
sought better to adapt the pace of instruction to level of pupil
ability. The inventory test resembles the diagnostic test in that it
includes samples of all levels of thinking which are achieved in
the critical aspects, or skills, etc. Its range, obviously, varies with
the area under examinaticn from a relatively few constituent
abilities, thought processes, and’evidences of social awareness with
respect to basic skills and concepts (when *readiness” for a new
topic is under consideration) to the many such aspects of skills and
concepts of a whole year's work (when, for example, the “base
line” for class instruction in grade four is being established).
Usually the depth of evaluation is much less in an inventory test
than in a diagnostic test, or it may justifiably be nmade less.

3. To Determine the Extent of Learning over a Limited Period.
An example is the measurement of learning over a month’s unit
of work. When tests are used for this purpose, they may te called
“instructional” or “progress” tests. They are commonly short
enough to be given in one class period or less, and their content
is restricted to what has been but recently taught. In this respect
they tend to differ from inventory tests. They differ from diagnos-
tic tests in that usually but comparatively little effort is expended
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to get at the source of difficulty, But, as is also true in the case
of the first two purposes, this third purpose of evaluation does
not necessarily require a test at all. Indeed, in the case of some
kinds of learning other procedures are much more suitable,

4. To Measure Learning over a Relatively Long Period. One
use of evaluation for this purpose is to secure a basis for pupil
classification; another, to get a general view of achievement for a
semester or year to be used in making up the term “mark.” Usu-
ally paper-and-pencil tests are employed exclusively for this pur-
pose. Such tests are certainly valuable, but evaluation should not
be limited to them since probably not all outcomes will be repre-
sented in them, Here, that is for evaluating learning over fairly
long periods of time, the extent of the area is relatively much
larger than in *“progress’ tests, and thoroughness of sampling must
be sacrificed to sone degree, As in the case of progress tests (Pur-
pose 3) test content should be restricted to what has been taught
in the period covered, except of course as skills, concepts, etc.,
taught earlier are indirectly involved. The purpose of “achieve-
ment” testing almost necessarily precludes diagnosis, save in the
shallowest sense of finding places of difficulty, and by the same
token it cannot, unless the test is unusually comprehensive, well
serve the purpose of inventorying.

5. To O.!ain Rough Measures for Comparative Purposes. Ref-
erence here is to the survey function of evaluation, as this is illus-
trated in comparisons between schools within a system or between
school systems. Because of the purpose for which the measures are
to be used, these measures must almost necessarily be obtained
from paper-and-pencil tests. Objectivity in scoring and the re-
liability - f measures are especially important. Unless comparisons
are to be made grade for grade and on the subject matter of those
grades, a single test for all grades is commonly used. This means
that the learning area is very extensive, and that the sampling is
correspondingly very crude. To use a test designed for the survey
function for the purpose of achievement testing (Purpose 1), or
for progress testing (Purpose 3), or for inventorying (Purpose 2),
or for diagnosing (Purpose 1), is almost certain to introduce
errors and to lead to misinterpretation of test results. Yet, pre-
cisely this practice frequently obtains in testing programs.
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These five purposes of evaluation have been discussed in terms
of tests and apparently in terins only of computational skills. But
actually the points inade apply equally well to other evaluation
procedures and to all outcomes. The nature of other evaluation
procedures is treated in the next section. Emphasis needs now to
be given to the fact that in evaluating growth or learning toward
all objectives, and not merely toward computational proficiency,
one must keep in mind the purposes for which evaluation is
undertaken. Thus, one needs to diagnose, to inventory, to note
progress, etc., in the case of mathematical understandings and
of sensitiveness to the quantitative in life, just as fully as in the
case of computational skills. Growth takes place in understand-
ings and in quantitative sensitiveness as truly as in computation,
and just as truly learning in these areas needs to be assesscd for
difticulties, for status. for progress, etc.

Evaluation procedures. Four general classes of evaluation tech-
niques will be briefly considered, namely, (1) paper-and-pencil
tests (or simply tests), (2) teacher ohservation, (3) individual inter-
views and conferences with pupils, and (4) pupil reports, projects,
and the like.

1. Tests. Though much of the preceding section has been de-
voted to the use of tests in evaluation, actually far more space
than this whole chapter affords could be taken for this purpose.
Of all the possible evaluation procedures no other has received
the research and theoretical attention given to tests. With the
limited space here available, only a few suggestions can be offered.

Valuable as tests are, they are subject to certain limitations:
(a) Tests are essentially artificial: they are convenient substitutes
for the ultimately valid trial by functional use. This is but
another way of saying that the true measure of learning is the
ability to use what has been learned in practical life situations.
(b) Tests yield scores which are susceptible to errors of interpre-
tation. We may infer. for example, that the score is a measure of
the total ability tested, whereas it is but a description of a particu-
lar performance in a particular situation. Obviously, the more
comprehensive our testing and the nearer our testing situation ap-
proximates functional use, the fewer will be the errors of interpre-
tation. (c¢) Tests may be used too exclusively. We may rely on
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tests to furnish indirectly evidence of growth in areas to which
tests are not very sensitive. It is exceedingly difficult to prepare
tests (other than essay tests) to measure certain arithmetic out-
comes. If tests alone are used, these other outcomes will almost
certainly be excluded from evaluation. (d) In the attempt to
secure reliable measures from tests, we may pay too high a price
for objectivity in scoring. Consideration of such a factor as cor-
rect principle, or evident understanding, introduces variation in
judgment and so makes for unreliable measures. If we hold to
the superior value of reliable measures, we may lose much that
we need in order to understand children’'s work habits and
thought processes. If we hold to the superior value of these evi-
dences of learning we tend to lose objectivity and reliability.
Another series of cautions relates to standard tests and the use
of norms for such tests. It cannot be assumed that mere standard-
ization of a test makes it a good test, even for the purpose for
which it is designed: ) The content may be quite different from
what has been loca. taught,* and the norms may therefore be
useless in the local situation (except for the purposes of the sur-
vey). (b) It has been shown that the arithmetical content of such
tests varies considerably.® (c¢) It is not unlikely that many, or
most, standard tests measure eflects of arithmetical learning dif-
ferent from the achiecvement and abilities with which teachers are
primarily concerned. (d) Moreover, norms on supposedly com-
parable tests have been found not to be equivalent.® (¢) Still again,

+Guy M. Wilson, "Choosing and Using Standardized Tests in Arithmetic,"”
Education, 40:177-179, November, 1939.

3 Louise Beattie, “Standardized Tests in Arithmetic,” Educational Method, 16:
175-176, January, 1937,

8 Stokes and Finch in 1932 reported a difference amounting to .77 grade between
the medians of 65 pupils in grades seven to nine on the New Stanford Computa-
tion Arithmetic Test and the Vun Wagenen Revision of the Woody Arithmetic
Scales of Fundamentad Operations in Arithmetic. and a difference of 74 grade
in class medians on the New Stanford Reasoning Arithmetic Test and the Buck-
ingham Scale for Problems in Arithmetic. (C. N. Stokes and F, H. Finch, "A
Comparison of Norms on Certain Standardized Tests in Arithmetic,” Elementary
School Journal, 32 : 785787, June, 1932)

The results of this study have since been confirmed by Foran and Loves (Thomas
G. Foran and Sister Mary FEdmund Loves. “Relative Difficulty of ‘T'hree Achieve.
ment  Fxaminations," Journal of FEducational Psychology, 26:218.222, March,
1935, and by Pullins (¥arl V. Pullias, ariability in Results from New Type
Achicvement Tests, Duke University Resenrch Studies in Fducation, No. 2, Duke
University Press, 1937, Sce especially Chapters VIT and VIIL)
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nation-wide norms are apt o be misleading. Thus, nation-wide
norms are worse than useless in diagnostic tests, They are of
little or no service in inventory tests, except possibly to ascertain
“readiness” for some topic. Certainly when we seek to determine
where to start instruction in a grade, what we need to know is
not how our pupils compare with other pupils but precisely what
they can do about the items of skill, knowledge, and understand-
ing which are regarded as prerequisites. And last of all, norms
are of little value in progress or achievement tests unless we follow
slavishly the instructional organization in terms of which the test
has been standardized. Norms come into their largest and most
legitimate field of usefuluness in connection with the survey func-
tion of testing.

What has been said about tests is deliberately negative. These
negative comments imply no doubt of the values of tests for
evaluating learning. The shortcomings and limitations of tests
have not been stressed in any attempt to get rid of them. We
should be in a sad state indeed if tests, local, commercial, or
both, were abolished. To say that tests will not do the whole job
of evaluation, and to say that tests need to be constructed and test
scores interpreted with reasonable caution is far from saying that
tests should be abandoned. Rather, they should be retained and
improved, and they should be supplemented by other evaluation
procedures. The import of this whole section may be summarized
in the statement that tests usually indicate the outward, objective,
quantitative results of learning, not the inward, subjective, quali-
tative results; vet these latter both transcend and include the
former.

2. Teacher Observation. The type of evaluation meant here
is the type which the intelligent and alert teacher uses daily in
analyzing and assessing the written and oral work of his arithmetic
pupils. The observation referred to may be informal, as just
described, or it may be more closely controlled, as when special
settings are arranged in order to note children’s behavior with
respect to the quantitative aspects of their experience. An excel-
lent example of informal observation will be found in Professor
Wheat's chapter (pages 80-118). Other examples will be found on
pages 259 and 260 which follow.
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The possibilities of evaluating through observation are well-
nigh limitless. That these possibilities have not been realized is
explicable on two grounds. In the first place, teachers have had
their confidence in their own judgment undermined by certain
research which purportedly has demonstrated its unreliability.
The implications of this research are that teachers’ estimates and
opinions are of doubtful worth and that they must give way to
more trustworthy (that is, more objective and reliable) evaluation
techniques. Some of the dangers inherent in this view have been
pointed out,” and eventually the artificiality of the techniques in
this research will be disclosed. In the meanwhile evidence is ac-
cumulating that teachers’ judgments (in the forin of scores on
essay tests, of marks, and the like) need not be as unreliable as had
been supposed.® But the reaction against the extreme position of
the objectivists has not yet affected teachers to any large extent.
Under the influence of the objectivists teachers tend to doubt the
validity and reliability of their own observations and to minimize
the usefulness of observational data for the purposes of evaluation.
Nevertheless, it is probable that 90 per cent of teachers' (good
teachers) activities in teaching and evaluating are still subjective
and must remain so. If this be true, the wise course would seem
to be to help teachears to get the most from their obser -ations,
rather than to continue to discourage their use.

A second obstiacle to confident use of observation is of a differ-
ent character. To observe accurately one must know what to
look for. Tcachers who regard arithmetic purely as a skill subject
are hardly equipped to make usefu!l observations of growth in
arithmetical insight and quantitative sensitiveness. On the other
hand, teachers who are committed to a more modern conception
of arithmetic are handicapped by our general ignorance con-
cerning learning. We do not yet know with certainty all that we

TW, A Biownell, “The Use of Objective Measures in Evaluating Insttuction,”
Edurational Method, 13 1401108, Mav, 1934,

8 The following studies are illustrative:

Howiard Fasley, “On the Limits of Predicting Scholastic Succew,”  Jowrnal of
Experimental FEducation, 1:272:276, November, 1933,

James B. Shouse, “College Grades Mean Something,” Journal of Edueational
Psychology, 30:510.518, October, 1934,

Rualph R. Woll, Jv. Differential Forvecasts of Achicvement ansd Their Use in Coun-
seling,  Psvchological Monearaph, Noo 2270 American Psvchological  Association,
lnc., Columbus, Ohio, 1939,
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need to know about growth :oward the non-computational aims
of arithmetic. As new information of this kind is acquired, and
as teachers regain confidence in the value of observational pro-
cedures and in their ability to use this method, evaluation by
observation will become more precise and more comprehensive.

The advantages of evaluation by observation (only skillful ob-
servation, of course) are several in number: (a) Observation has
few of the limitations of testing as to time and place. Informal
observation requires no special planning and no special arrange-
ments: onc can seize cach instance of significant behavior as it
occurs. (b) Observation “catches” behavior in all its functional
relationships. One sces not only the error, for example, but also
the prior and the accompanying behavior which may account for
the error. (c) Evidence for evaluation is obtained when it can be
used. This is particularly true in the case of diagnosis. (d) Ob-
servation imposes no unusual restrictions and exposes children
to no unnatural tensions. (¢) Evaluation by observation enables
teachers to secure evidence with respect to many arithmetic out-
comes to which testing is ill adapted. Reference here is to the
outcomes listed especially under mathematical understandings
and quantitative sensitiveness on pages 232-233.

3. Individual Interviews and Conference.® As its name implies.
this evaluation procedure, unlike observation, is limited to con-
tacts with individual children. The teacher not only observes
what the child does, but has him “talk out loud” as he works
and questions him whenever the oral report is interrupted, is
incomplete, or is ambiguous. The purpose is primarily to get at
the way in which the child thinks about the gi-en quantitative
situation, be it a computation, a verbal problem, the use of tecli-
nical terms, the interpretation of the number relations, etc. The
usefulness of the conference for probing undesirable attitudes
(indifference or open dislike) toward arithmetic, for finding out
how extensively a child really uses arithmetic, and the like,
should be apparent. Examples of the interview will be found
on pages 259 and 260.

9 Observation and the interview i1e not of course as unrelated as may be sug-
gested from the separate treatment wcorded them hete, As a matter of fact, the

interview multiplies opportunities for Hhservation and mahkes these observations
more intimate and penetrating.
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Readers of research are already familiar with the use of the
interview for discovering children’s work habits in dealing with
number combinations and computation.’®* Good teachers have
always employed the interview and conference to some extent,
chiefly for purposes of diagnosis. No other procedure equals the
interview in disclosing the nature of disability and thus in pro-
viding data for remedial instruction. If this procedure were used
more cominonly in connection with initial instruction. later diag-
nosis and remediation would be greatly reduced in amount.

Perhaps the chief reason why the interview is not more gen-
erally used is the fact that it is time-consuming. To take a fourth
grade child through the whole addition section of the Buswell-
John Diagnostic Test requires between twenty-five and forty-five
minutes. It is only rarely, however, that such extensive inter-
viewing is necessary. Five or ten minutes can hardly be spent more
profitably than in interviewing a child who is having trouble at
some point.

The interview and conference should be kept flexible. Ques-
tions cannot be standardized, but must be worded and reworded
until the child knows precisely what is required of him. At the
same time the interviewer must avoid giving cues and must not
ask leading questions. The child who is in difficulty gropes for
reasons and explanations and is especially likely to seize upon any
suggestion from the interviewer which may even temporarily
rescue him from his predicament.

4. Pupil Reports, Projects, and the Like. Under this heading
belong a large variety of pupil activities which are useful for teach-
ing, as Miss Sauble points out (pages 181-1953), but equally useful
for evaluation. Individual children or groups of children can
prepare reports on such topics as: How Number Is Used in the

Bank, How We Got Our Figure 7, Lucky Numbers, The
Arithmetic T Use on My Paper Route. Where Our Measures
Came Froin, How Much Our Automobile Costs Us a Month,

10 For example: Guy T, Buswell and Tenore John, Diagnostic Studies in Arith-
metie, Supplementary Educational Monoaraph, No. 30, Department of Education.
U'niversitv of Chicago, 1926: [.ofton V. Burge, “Types of Errors and Questionable
Habits of Work in Multiplication,” Flementary School Journal, 33:185-194, No-
vember, 1932; Lenore John, “Difficulties in Solving Problems in Arithmetic,”
Elementary School Journal, 30:675-692. Mayv. 1930.
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Shortcuts in Addition, The Budget for Qur Camp Last Summer,
and Number Tricks. Such reports are teaching devices, to be
sure, but they also reveal unmistakably how sensitive children
have become to the mathematics of number and to the quantita-
tive aspects of life about them.

T'rips and excursions to various points of interest offer other
occasions for detecting awareness of the quantitative. Children
whe during the trip note and afterward can describe many uses
of arithmetic are «learly more advanced in their appreciation of
the social significance of number than are others who are less
successful. Events in the history of number (e.g., the derivation
of a standard unit for “foot™) can be dramatized in such a way
as to permit evaluation of the level of quantitative thinking which
has been attained. In the primary grades the ability to act out or
to picture the events in verbal problems reveals understanding
ol process meanings. The preparation of scrapbooks, models,
posters, and special exhibits, all of them involving number and
quantity, may be used as much to reveal the level which children
have achieved in knowledge, understanding, and quantitative
sensitiveness as to teach them new concepts, new skills, ctc.

It is precisely the meanings, understandings, and appreciations
of arithmetic that are the most difficult to evaluate objectively,
reliably, and validly by means of tests. However, these outcomes
become more susceptible to evaluation, evaluation that is none
too objective and none too reliable, it is true, but nevertheless
valid—when evaluation escapes the limits of testing and takes the
form of one or another of the procedures described above. The
peculiar advantage of special reports, dramatization, picturization,
and so on is that they instigate behavior in which these outcomes
appear in natural relations and functional reality. The loss in
objectivity nced not be serious. In the first place, it is better to
have some evaluation, even if somewhat unreliable, than to have
none at all. In the second place, the reliability of the final evalua-
tion by these subjective procedures increases materially and at-
tains a respectable figure if enough observations are made.

1 This last fact is not sufficiently tecognized. Assume that the reliability co.
efficient of a single observation is only 0. If the same kind of observition of the
same performance and yielding the same result is made ten imes, the reliability
cocfficient (Spearman-Brown formula) becomes .83, Fouteen observations would
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One last word should be said about the opportunities for
evaluation afforded by activity units and pupil projects in which
number and quantity are involved. Too often the arithmetical
aspects of these units are overlooked both by teachers ard by
pupils. The alert teacher, however, can detect these arithmetical
aspects of units and projects, can direct the pupils' attention to
them, and eventually can lead pupils to discover them for them-
selves. When this has been done, many occasions will arise when
children will be able to use number in units and projects.
Whether they do so or not, the chance for evaluatio in either
case is present and should be fully utilized. That this chance is
not generally so utilized is regrettable, for units and projects
afford splendid opportunities to observe children thinking mathe-
matically when the stage has not been deliberately set, as it is
in the arithmetic period.

Evaluation and the classroom teacher. The program of evalua-
tion outlined in this chapter is obviously impracticable if it is
inferred that every classroom teacher must find or devise and use
procedures for all the purposes of evaluation and for evaluating
growth toward all outcomes. Under this assumption the teacher
would be so busy evaluating that he could never get around to
teaching. It follows that judgment must be exercised in deciding
the extent to which evaluation is to be undertaken and the man-
ner in which it is to be carried out. In this connection the
following steps may be suggestive.

1. The first step toward cffective evaluation is to know and
understand the outcomes set for instruction. In a given situation
these outcomes may or may not be those listed previously on
pages 231-232, but whatever they ave, teachers, supervisors, and
principals should know what the outcomes mean.

2. The second step for the classroom teacher is to know the
various kinds of behavior which evidence growth wward these ob-
jectives and to train himself to detect this evidence. Reference
here is primarily to Kinds of growth which cannot be evaluated by
means of tests (chiefly the outcomes listed under mathematical

vield a reliability coefficient of 90, ‘The wiiter recognizes at least some of the
dangers in this statistical approach, but believes that the argument is nevertheless
essentially sound.
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understandings and sensitiveness to the quantitative). Admittedly,
research has not yet identified all the significant evidences of
growth which are needed for ideal evaluation, but this lack of
research data should not greatly impede the teacher who under-
stands what he is to teach in arithmetic and how his pupils learn.

3. Perhaps the third step is for the teacher to re-establish con-
fidence in his ability to assess growth toward the more “intan-
gible” outcomes. The values of observational procedures in the
hanas of the intelligent teacher have not been fully realized.

4. Closely related to the third step is the fourth: to take ad-
vantage of the close relation between teaching and evaluation
and to seize every opportunity offered by everyday instruction to
secure evidence of growth.

5. The hith step, or another step, is to realize that evaluation
for certain purposes (especially for purposes of measuring long-
time achievenment and of survey comparisons) is required rather
scldom, and then mav be managed by others than the individual
teacher. This means that the teacher can concentrate on diag-
nosis, inventorying, and measures of shorttime learning—on
evaluation for those purposes, in other words, which bear most
directly upon the major concerns of his pupils.

‘The values of obscivational procedures are emphasized in
this chaprer Loosomes larse use ol these procedures may seem
T pUL eNcosIVe Gotaeis o the limited tme weachers have, Such
is not the cse, obsavational procedures are actually time-savers.
A few moments devored to careful observadon at the critical
time are worth more than an hour of less intimate diagnosis at a
later date. "The more observational procedures are used, the less
is the need for more time-consiming procedures (interviews, tests,
and the like). As has been stated before, observation *‘catches”
the behavior which is significant for directing learning at the
crucial instant, and so can obviate or at least gieatly lessen the
necessity for more elaborate evaliation procedures later on.

PRACTICAL SUGGESTIONS FOR EVALUATION

The plan of treatment in this section is to consider the pos-
sible means of evaluation for each group of outcomes in the order
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in which they are listed earlier in this chapter, and then to supply
samples of procedures in the case of less easily measured outcomes.

Computational proficiency. Insofar as computation is inter-
preted to mean the mechanical manipulation of numbers in solv-
ing abstract examples and verbal problems of the traditional kind,
the outcomes in this area are probably the most amenable to
evaluation. For this reason, and also because both testing in-
<ruments and critical discussions' are generally available, the
problems of evaluation in this area are passed over briefly, and no
sample procedures are given.

The fact that most computational outcomes seemingly can be
evaluated so readily by means of tests has given rise to certain
unwise practices. Perhaps chief among these is that of using
local uniform supervisory tests and commercial standard tests to
coach children. it is not unusual for teachers and administrative
officers to purchase all forms of a given standard test (or for
teachers to maintain a library of all supervisory examinations over
a period of years) to train children systematically on the content
and skills involved in taking these tests.™ It should be obvious
that under such conditions the test scores later obtained are prec-
tically useless for purposes of evaluation. Other evil conse-
quences of this practice should be equally apparent.

1. Diagnosis. For the purposes of group diagnosis on par-
ticular arithmetic skills (a) some standard tests are useful. Here
may be mentioned the Brueckner Diagnostic Tests (Whole Num-

12 In the writer's opinion the best reference refating directly to arithimnetic is the
chapter by Greene and Buswell in the Twenty-Ninth Yearbyok of the National
Saciety for the Study of Education. 'I'hese anthors employ a terminotogy somewhat
diffcrer:  faioin that in this c¢hapter, but the reader should encounter no difficulty
in transhiting the one vocabulary into the other, Seer Chatles E, Greene and Guy
T, Buswell, *l'esting, Diagnosis, and Remedial Work in Avithmetic,” Report of
the Committee on Arithmetic, Twen‘y-ninth Yearbook of the National Society for
the Study of Education, Part I, Chapter V. Public School Publishing Co., Bloom-
ington, Ii1.. 1930.

18 A letter from the publisher of many educational tests, who must remain
anonymous, states: I could give you the names of several school systems in which
cumulative files are kept of all forms of our tests. We have standing orders from
these systems to supply them with each new form as it appears. Our agents tell
us that in these systems the tests are available to all teachers who, if not en-
couraged to do so, are certainly not prevented from duplicating these tests and
drilling their pupils in taking them. Then some form or other of these tests is

used at the end of the year to measure achievement and to make comparisons
between classes within the same system!™
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bers, Fractions, Dccimals) and the Compass Diagnostic Tests
(twenty forms). These tests show the places of difficulty, but not
the reason for difficulty or even at times the specific nature of
difficulties. The same tests may be used with the same limitations
for individual diagnosis. Similar statements may be made ()
about the group diagnostic tests sometimes provided in textbooks
and manuals by textbook authors and (c) about group diagnostic
tests constructed by the teacher or the supervisor. (In this con-
nection attention is directed to the earlier discussion, page 233.
of diagnostic tests.) Diagnosis is better, the closer it comes to the
immediate learning situation. On this account more crucial data
than those obtainable from group tests are to be secured (d) from
observation and, in the case of individual children, (¢) from per-
sonal interviews. The Brueckner Diagnostic Tests, mentioned
above as useful for group diagnosis, may also be used for inter-
viewing individual children, and the Buswell-John Diagnostic
Tests for Fundan.ental Processes in Arithmetic has been espe-
cially devised for interviewing in connection with the addition,
subtraction, multiplication, and division of whole numbers only.
In the latter, the test for each operation requires an average of
more than a half-hour per child. Since the content in each case
includes the whole range of skills taught, the first and easiest items
may safely be omitted in the higher grades. and the later and
harder items, in the lower grades. Or, following the model set by
the Brueckner and the Buswell-John tests, the teacher can pre-
pare his own test for interviewing. But tests as such are not in-
dispensable to diagnosis. On the contrary, from watching his
pupils day-by-dav as they are busy with their arithmetic work the
teacher may gain his most valuable insights. The daily lesson pro-
vides the ideal time and place both for diagnosis and for remedial
teaching. As has been repeatedly emphasized, the practice of care-
tul and continuous observation makes not only for help at the
critical time, but also for cconomy of effort.

2. Inventoryving, T'o determine “readiness” for the work of a
grade or for some particular arithmetic topic. class e Juation is
most practicably undertaken (a) throuzh the testing programs
provided in certain textbooks and teachers’ manuals. (b) through
specially prepared tests constructed according to the local course
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of study, and (c¢) through observation, particularly if cumulative
records are kept. The last named, (c), does not, however, give an
adequately general picture of the situation to aid in determining
what should be done for the class as a whole. To the degree that
instruction is individualized, however, evaluation should include
observation (c) as well as (d) interviews whenever possible.*

3. Short-Time Achievement. For measuring attainment over a
limited period of time or a single unit of work (a) textbook or
manual tests, insofar as they fit the immediate situation, and (b)
specially constructed local tests are to be preferred. The latter
need to be carefully prepared; otherwise, important steps may be
omitted. (c) Observation and (d) interviews serve supplementary
purposes, which is to say that they are useful chiefly for evaluating
outcomes which are important in the unit as a whole but are essen-
tially non-computational. (¢) Standard tests are of slight value,
since rarely does their content agree with the local course of study.

4. Long-Time Achievement. For semester or yearly measures,
the suggestions made with rc pect to short-time measures hold with
equal force. The content of tests is chosen, of course, from a wider
range than in the case of “progress” tests, since the learnings are
wider in scope. Mistakes of interpretation are frequently made
by obtaining measures of long-time achievement (“long-time” in
the sense here used) from commercial standard tests which cover
the arithmetic content of a series of grades.

5. Surveys. For comparisons between schools within the same
systern local instruments which are uniform in content may be
used. These instruments, when intended for grade-by-grade com-
parisons, should probably contain only the content (skills, facts,
etc.) taught in the given grade and in grades below that point.
In this case as many scparate tests may be nceded as there are
grades tested. Standard survey instruments are useful, particularly
when the standings of school systems are to be compared with one
another. In such cases the test contains 2 rough sampling of all
skills. facts, etc., taught through grade three. grade six, grade eight,
or some such point. Among the better known tests of this last

* Since this chaprer was written, Professor Brueckner has announced the publica-
tion of standard readiness tests for all processes with whole numbers, fractions,
decimals and percentage. Thesc tests are published by the John C. Winston Co.



E

Arithmetic in General Education 247

kind are: Analytical Scales of Attainment in Arithmetic (grades
three and four, five and six, seven and eight), Compass Sur-
vey Test (elementary and advanced), Mctropolitan Achievement
Test (primary, intermediate, and advanced forms), New Stanford
Achievement Test (primary and advanced forms), Progressive
Arithmetic Tests (primary, elementary, and intermediate forms),
Public School Achievement Tests (Computation and Reasoning),
and Unit Scales of Attainment in Arithmetic. For critical com-
ments on these and other standard tests, the reader is advised to
consult the various annual voltmes under the general title The
Mental Measurements Yearbook, edited by Professor Oscar K.
Buros of Rutgers University. The non-cquivalence of 1orms on
survey tests, mentioned on page 236 above as invalidating compari-
son of scores for individual pupils, does not seriously affect the
comparisons of large numbers of children or of schools as wholes.
Nevertheless, the interpretation of test results should always in-
clude appropriate recognition of the implications of differences
in aims and objectives among the schools concerned.

Mathematical understanding. This section presents illustra-
tions of evaluation devices useful in connection with the less
commonly assessed outcomes of arithmetic,

1. Purposes of Lvaluation. So far as evaluation for differing
purposes is concerned, outcomes which can be classified under the
term “mathematical understanding™ can be discussed together,
since the problems relating to evaluation procedures are much
alike for all of them. Fxceedingly little has been done either in-
formallv or systematically to find practicable and valid procedures
for evaluating the outcomes under the headiug above. Therve are,
for example, no standard tests available, except (a) two sections of
the Analytical Scaies of Attainment, one devoted to forty items
testing “'Quantitative Relationships,” and the other to forty items
testing “Arithmetic Vocabulary™ (these sections being available in
the tests for grades three and four, five and six. and sever: and
eight), and () a shorter section in the Towa Every-Pupil Test. But
these sections do not evaluate learning with respect to all the out-
comes listed here under Mathematical understanding: they do
not evaluate fully or for all dilferent purposes with respect to any
one outcome listed: nor do high scores on these tests guarantee

Q

RIC

Aruitoxt provided by Eic:



248 Sixteenth Yearbook

that the knowledge revealed will actually function to affect con-
duct. They are, however, to be recommended to anyone inter-
ested in objective means of evaluating in this area.

For diagnosis, the best procedures in the order of their pre-
sent practicability are: (a) observation (both of oral and of written
work), of which samples are given below, (b) the interview and
conference, also illustrated below, and (c) specially constructed
tests. The last-named are hardly practicable for the average
teacher, for the preparation of such tests is as yet highly tech-
nical. Few ventures would, however, pay larger returns on effort
than the cooperative work of a group of teachers in attempting to
devise testing instruments. For their benefit what seem . be
promising devices are illustrated below. Procedures (a) and (b)
are entirely practicable for the teacher who knows what to look
for. The present methods of preparing arithmetic teachers, how-
ever, hardly equip teachers with this kind of knowledge.

Inventorying to determine “reauiness” is likewise handicapped
at present because of inadequate knowledge of the stages of
development which characterize growth toward the various objec-
tives. All understandings are matters of experience, but the essen-
tial experiences cannot all be had at once. Rather, learning activi-
ties must be arranged so as to encourage growth from stage to
stage, or from level of meaniug to level of meaning. In tivae, tests
should be available to identify these stages of developi at. In
the meantime, the situation is not hopeless. Teachers (a) by ob-
servations and (b) by interviews can determine whether pupils
have attained requisite degrees of understanding, and have or have
not carried a given generalization far enough to warrant either
its use in a new context or its extension through new activities.
It is not impossible that () tests can hc worked out experimen-
tally and improved with trial. In this case, the sample items
below can be adapte-d to the special purpose of inventorying.

Evaluation of learniug over short periods of time is subject
to the same limitations as have been mentioned for the other two
purpcses of evaluation which have been discussed-—restricted
knowledge and lack of procedures which are certainly reliable and
valid. Reliance for the time must be placed upon subjective
judgment, that is. on (a) observation and (b) interviews, chiefly
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the former. Eventually (¢) tests may be available, and groups
of teachers may want to try their hand in this direction.

What has just been said applies also to evaluation of learning
over longer periods of time.

For survey purposes, survey tests are required. The only ones
to be had have been mentioned in the first paragraph above
under Purposes of Fvaluation.

2. Samples of Fraluation Procedures.'* Below are given samples
of procedures (test items, observation, interview) which can be
used for evaluating growth in mathematical understanding. Space
limitations forbid wore than a few samples in each case. The same
limitations make it necessary to present each item as briefly as pos-
sible, without indication of its grade level and frequently without
its being cast into proper form for testing.

TrsTiInG DrEvVICES

The following testing devices arc presented in the hope that
teachers may be able to recognize the usefulness of the items and
adapt them to their own needs and purposes.

(1) The Meaning of the Number System:

a. Write the largest five-place number you can. ... ...

b. Write the smallest five-rlace number vou can without using 0.

. Suppose that the figures 3 and & are interchanged in the num-
ber 835 Wioidd the new number be larger, or smaller, or
the same size? .

d. Reartange the figuwes in the number 51,937 to make the small-
est possible number. ...

e. Rearrange the fizures in the number 436,852 to make the
largest possible number. ... ...

f. As compared with five-place numbers, are six-place numbers

(always, or usually, or sometimes, or never) smaller? ..... :
g In the number 7,463 what is the largest possible number of
hundreds? ... ... of thousands? ......
h. Among the numbers 56, 93 408, and 273 the one that has the
largest possible number ef tens is ... .. ,» and the one with
the smallest possible number of tensis ... ...

14 The writer is grateful to the following persons, in addition to those mentioned
in the text. for assistance in suzgesting sampte items: Mr. Lester Anderson, of the
University of Minncsota, Dr. Arthur S, Otis. and Professor Leo J. Brueckner, Pro.
fessor Ben A. Sucltz, and Professor Harry G, Wheat, the tast three being members
of this Committee.
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i, 643=500+...... 643=6004-404..... .
643=6404+...... 643 =403+ ......
643=2004+2004...... 643 =603+ ......

j. Using the figures 7, 0, 6, 3, 5 write a number with 0 in ten's
place, 3 in one’s place, 6 in hundred’s place, 5 in ten-thou-
sand’s place, and 7 in thousand’s place.

k. Write the four numbers that come 1 <t when you count by I's:

28 Ceeee e Ceve
169 ... Ceee e Cevas
396 ... Lo Lo ceeen
8857 ... oo oo Cee
99998 Ceene e
[. Suppose that: Using these symbols draw
\/ means one 1 pictures for the numbers:
O means one 10 0=.............
[ means one 100 2=, .o
: means one 1000 W6=.............
2810=......... N
3005:=........0 0
m. Write the four numbers that come next in counting
by 10's: 86 L e e e
by 100's: 857 ... e e e
by 1000s: 7007 .o Looaos iane ool
by 10.000's: 986,437 ...... ... e Cevees
n. Write the number that has:
Giensand Bones ............ 7onesand Gtens ........
51 hundreds and 7 ones ..... T3tens ool
91 hundreds and 6 tens ..... 8 hundreds and 13 ones . ..

-~

). Suppose thet our number svstem had a basic unit of 8 instead
of a basic unit of 10. Then 11 would mean 9 in our system
(one 8 and 1), and 23 would mean 19 (two 8's and 3). Tell
what the numbers below with a basic unit of 8 mean in our
svstem with a ten base:

t=..... 18=..... 25=..... $1=.....

(&) The Mcaning of Whole Numbers

a. Make 2 rows of circles. with 10 circles in each row. Cross out
enough circles at the end of the second row to have 17 left.

b. Draw 10 balloons. Color 6 of them red.

¢. Arrange the following numbers in size. from smallest to largest:
10, 23, 16, 47, 39, 310, 75, 469, 298

d. 1f you have 58 pennies and lay them on the table in rows of 10,
vou would have ..... rows of 10 cach and ..... extra
ennies.

e. Which number is about 4 times as large as 380218

15 Ttems like those from (¢} to oh) would need to be validated. Knowledge of

the smaller numbers is most easily tested by means of wnal objects, groups of
which are constructed to match announced numbers.  The larger numbers, if they
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270 1500 2700 15,000

f. About how many 3¢-stamps could you paste side by side on a
sheet of paper like this?
25 50 100 500

g About how many pennies could you hold in both of your

hands at the same time?
20 200 2000 20,000

h. If you walked steadily for about an hour, about how many
steps would you take?
10 10,000 100,000 1,000,000

i. In the number 9,037, the figure 9 represents how many times
as much value as the figure 3?2

The Meanings of Fractions, Decimals, and Per cents

(The reader is veferred to the excellent teaching and evaluation
devices which are suggested by Miss Sauble on pages 157-195. In
view of the number of examples there given, but a few supple-
mentary ones are offered here. It should be clear that since com-
mon fractions, decimal fractions, and per cents are but three dif
ferent ways ot expressing parts or relationships between parts, the
same device may frequently be used now to measure fraction
meanings. at another time to measure decimal meanings, at still
another tin e to measure per cent meanings.)

a. Studv the lines below. Then bis ... as long as a.

answer th2 questions at the «is ....7; as long as b
¢ as long as a.
{

right. I R
a s e . ais ¢ as long as c.
b o e ¢ is “toas long as d.
€ e e e e dis ... as long as a.
d .« eds ... 07 as long as a.
R eds .0 as long as d.

b. Blacken lines b, ¢, d. e, and { to make them as long in com-
parison with line a as vou are told to make them.

Make b 54 as long as a. b« . ...
Make ¢ 85 as long as a. Cov e e e
Make d 23 as long as a. d . ... Coe
Make ¢ 6} as lorg as a. € ..
Make [ 43 as long as a.

c. Study the number of dots in the following boxes and write your
answers as dedimals (per cents, hractions).

are abstract, are understood through computation, and hence testing involves more
than knowledge of number sive. IT larger numbers me presented in concrete
settings, as in (), then lack of experience with some aspeat of the setting may
interfere with evaluation of number meanings. In all such items, too, the alterna-
tives must he selected to suit the ages of the pupils tested, or better, their level
of understanding,

O
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Box

Box
Box
Box
Box
Box

b has .....
b has .....
Box b has .....
a has .....
¢ has .....
dhas .....
e has .....
f has .....

Sixteenth Yearbook

as hox a.
as box
as box e¢.
as box
as box
as box
as box
as box

dots
dots
dots
dots
dots
dots
dots
dots

5 many
5 many
5 many
many
5 many
many
many
many

.....

a

b c o e

d. Box « has 8 dots. Put as many dots in the other boxes as you
are told to put in them.

hox
box
box
box
box
box

In
in
In
In
In
In

5. as many dots as me in box a.
34 as many dots as are in box a.

2

O put
¢ put

d put 75% as many dots as are in box a.

e put 87149 as many dots as are in box
f put 1.25 as many dots as are in box a.
g put .50 as many dots as are in box a.

a.

b

a

e. Express the idea “3 out of 6" as a fraction

¢ d ¢ /

g

...; as a per

cent L. 9(5, R 1
163 464 6/577
il g 5. 5
(ty Important Technical Terms v ~x,}é l)-}; Zf?’
a. Study the examples at - 5 8oht 5’ ~475
the right. Then copy 87 E 1392 36 88
a number that is: 9290 271068 1
a multiplicand .. ... an addend .. ..
a dividend .. ... apartial prodact ...
a subtraction remainder ... a sum ...
a quotient ..... a divisor .
a multiplier
b. Copy the example 805 1816 234 4147 7195
in'which youmust —703 =337 -8 036 6133
borrow a thou- "—" e T - T
sand; a hundred;
aten.
¢. Copy the example in 316 35 4382 14362 313
which von must -+ 137 ~ 12 =810 8114 4285
carry - a  ten; a o oo T -

thousand; a hun-

dred.

O
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d. Copy from box A all the

e. Copy from box B the frac-

f- Copy from box B the frac-

g

h.

proper fractions; all the .
mixed numbers; all the \ 5% 3 % 3%
improper fractions. ‘

RN
o
re

o

tion that has 6 for a
numerator; 3 for a nu-
merator., B

wjed

S
p

[->5 ]

tion that has 12 for a de-
nominator; 2 for a de-
nominator.,

Suppose you divided cach of 3 apples into fourths, and you
and your fiiends ate 7 pieces. The fraction showing how
much was caten would have the figure .... for the numer-
ator and the tigure ... for the denominator.

Five boyvs average 98 Ib. in weight. The average (98) means
(1) that all the boys weigh this much or more; (2) that none
of the boys weigh this much; (3) that all the boys weigh
exactiy 98 Ib.; (4) that all the boys would weigh 98 1b. if they
weighed the same. Whichz ... ..

() Important Mathematical Generalizations

d.

~0nAan

ERIC

Aruitoxt provided by Eic:

Write the word increased or larger, or the word decreased or
smaller, or the word unchanged or same in the blank space
in cach sentence. Write only one of these words.

If a number is multiplied by 0, that number is .....

When numbers other than 0 are added, the sum is ......
than any addend.

When whole numbers are divided by whole nuinbers other
than 1, the quotient is ...... than the number divided.

Except when 0 is subtracted, diflerences or remainders are
e than the numbers subtracted from.

If a number is muluplied by 1, that number is ... ..

In the division of whole numbers, divisors are usually ......
than the numbers divided.

If 0 is subtracted from a number, that number is ......

If a fraction or whole number is multiplied by fractions
greater than 1, that fraction or whole number is ......

If you add the same number to both terms of a fraction, the
value of the fraction is ......

. To reduce a fraction to lower terms one must divide both

numerator and denominator by ... oL
To change a fraction to a decimal vou divide ... ... by ......

. Fractions canpot be added unless ... ...

Decimals can be changed to per cents by ... ... ...
Areas should alwavs be expressed in terms of linear, square,
cubic units. Whichz .......... ..
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g. To divide 5.6 by 0.5 yields the same answer as to divide .....
by 5.0.

h. To multiply by per cents, one changes the per cents to .....
orto .....

(6) Process Meanings

a. Write M after the examples below in which the answers couid
be found by multiplying instcad of by adding:

44+4=..... 754+464+98=.....
T7+7+74+7+7=..... 494+494494+49=.....
34+5474+942=..... IB+108+764+23=.....

b. 4x9=36. What other multiplication fact goes with this fact?
What two division facts go with it:

c. 37x26=962. Write three other relationships between these
numbers which you know because 37 x 26=962.

d. Write the idea of 2¢ = 6=4 as a subtraction example.

¢. How many seats has a room that has 5 rows of 14 scats each?
Write first as an addition example; then as a multiplication

example.
f. Write add, or subtract, or multiply, or divide in cach state-
ment,
To find the total of several unequal numbers, you .....
If vou know how much one artide costs and you know how
many articles there are, you ... .. in order to find how

much they will all cost.

You know how much you had to start with and how much
you have now. To find how much is gone, you ......

You want to give each of 6 boys an equal share of a number
of marbles. To find how many cach will get, you ......

To get the total of several numbers of the same size, the
quickest way isto ......

You know how many sheets of paper you must have and
how many you do have. To find how many more you
must get, you ........

You know how much you spent and how many articles of
the same kind you bought. To find how much each cost
you ......

g. Draw dot pictures to show tnat the following answers are right
or wrong. In subtraction vou an cross out dots: ‘n multi-
plication and division vou can draw rings around groups of

dots.
12—_8= 3 h4+6=13 7TxX34=28
16 -t= 4 2423=9 17—9= 8
Ix6=21 15—-8= 17 12+G: 3
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h. Write the number that completes each example:

104+6=8x...... 7—0=8—-......
28 —-T=4x...... 84+7= 8x......
53—:—9::9—— ...... 10—6:24-:— ......

i, Write the signs to complete the following examples:
7...5=9...38 4 ...6=3...8

36 ... 8=4 ... 7 52 ... 7=15 ... 9
49 ... 7=3 ... 4 72 ... 8=12 ... 3

(Simple verbal problems provide excellent test material for evalu-
ating the understanding of the fundamental operations, as well
as their significance or uscfulness. Provided (1) that the compu-
tations are kept casy and (2) that unfamiliar terms and problem
seitings are avoided, success or failure in problem solving is pretty
much confined to identifying the correct process to be used.)

(7) Measurement as a Process, Plus the Meaning of Measures

a. Write the word more or the word fewer in the blanks.
To change potatoes from peck measures to bushel measures
you would need ..... measures.
You can get ..... dimes than nickels for a dollar.
You can get ..... 8inch than G-inch badges from a yard
of ribbon.
If you change milk from gallon containers to pint bottles
you will need ..... bottles than containers.
If you measure the length of a room with a foot ruler, you
will need to lay it down ..... times than if you use a
yardstick.
The larger the measurc you use, the ..... times you use it
in finding the amount of water in a barrel.
L. If one inch on 2 map means 25 mi., a distance of 150 mi. on
the map would take ..... of space on the map.
c. Write the correct words in the blanks—square inch, square
foot, square yard, acre, square mile:
The area of this classroom is about 1050 ......

The top of our automobile is 23 ... ... in area.
Mother used 64 ...... of cloth for a Christmmas handker-
chief.

The area of the Fair Grounds is 60 ......
My arithmetic book, when opened up, covers an area of

0 ...,
Our country has an area of 6500 ......
d. Write the correct words in the blanks—ounces, pounds, or tons:
Our kitten weighs 15 ......
Fourteen men together weigh about 1 ......

My candy bar weighs 3 ..., ..

A kitchen chair weighs about 12 ......
Six pencils together weigh about 4 ......
A large coal truck can carry 6 ......
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(8) Mathematical Relationships, Etc.

a. None of the answers for any example is right, but one of the
answers is nearer right than any of the others. Draw a ring
around this number. Do not work the examples with paper
and pencil.

In the first example you think, “88 is nearly 90; 7 x90=630;
600 is nearest the answer, so I draw a ring around it.”

In the second example, you think, “970 is nearly
93 tens divided by oL is ..... tens;
the right answer, so I draw a ring around it,”

In the third example, you think, “4960 is ahmost
dreds, and 3120 is a little more than
when I subtract I get hundreds. So
the right answer, and I draw a ring around it.”

Do the other examples in the same way.

Sixteenth Yearbook

..... tens;
..... is nearest
..... hun-
hundreds;
1S nearest

TX88= 175 1500 98  (600)
970 =8 = 115 286 878 1750
1960—3120= 7000 10000 2000 700
788+110= 650 900 1368 4600
3042+ 9= 27,500 350 750 110
9% .80= 8 72 1.6 800
132 74= 112 15 43 200
4234 4 4174= 140 90 10 380

b. Write the next two numbers in the incomplete series:

2 4 6 6097, 520, 410,
VAR VAR 0006 0048 0384

80 67 45 .... .... 108 36 12

45 15 05 .... .... 12 6 3

c. By studying the first thrce examples worked out for you in
each set below, sce if you can tell what the missing number
in the fourth example in each set should be. Do not work
out the fourth example; just study the first three.

18 X 87 =666 1x94-2=11

21 x87="777 12%9+3=111

21 x 37=888 123 x9+4+4=1111

27x37=... o X94+5=11,111
Ix8+4+1=9 98 % 15,873 =444,144

12% 842298
123 % 843 =987
1234x8+4=....

9x9+4+7=88
98 x 94+ 6=888
987 X9+ 5=_8888
.. X9+4=88,888

rrrrrr

42 x 15,873 == 666,666
.. xX 15,873 =777,777
18 x742=86
129 % 74+ 3 =864
12347 +4=....

d. If the answers for the following problems are silly, write the

correct answers.
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A rooster standing on one leg weighs 634 1b. When he stands
on both legs he weighs 13 1b,

If it takes 3 min. to boil an egg, then it takes 18 min. to boil
6 cggs together.

If a man earns $5.00 a day, he earns $30.00 in 6 days.

To give cach of his 5 triends a picce of pie and to keep a
piece of the same size for himself, Henry cut a pie into
5 pieces.

Mary needed 18 in. of doth to finish a dress, so she bought
half a yard.

June who is very greedy took 8¢ of a stick of candy instead
of 3, so as to get moue,

e. Dr. A, S, Otis has suggested the need for problems which can
be solved by ingenious or resourceful procedures, One ex-
ample is as follows:

How many badges 3} in. long can be cut from a ribbon
223 in. long, and how much ribbon would be left?

T'he usual solution is:

[or the first pait for the second part
god ool 181 7 t
228, = 13 . 13 5 13
3 - 8 = — of ‘j‘l! e X m e
l 28 ;Zf R4 3
181 X 2 _ I8l _ (ilE hadges D
2 =~ 98 I8 or l-in,
4

The resourcelul solution is:
for the first part for the second part
Think that if one badge takes
3% in, 2 of them will take 7
in.  Then there will be as
many pairs of badges as there
ale 7's in 227 in,

There are obviously 3 pairs (without writing)
(21 = 7=3). or 6 badges, and there will be 12 in. of
ribbon left
(222 -21=13)

It 1s Oty belief, which the writer shares, that this kind of
resourcetulness can and should be taught,

(9) Rationale of Computation

(Some students of arithimetic would not teach all of these logical
relationships to childien. "The wiiter would, but he offers the
testing devices below with full awareness that many would not

favor (hem. It should be understood that the writer here seeks

ERIC '
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to test understanding and not the thought processes actually to
be used by children. These thought processes are of course much
shorter and more direct.)

a. Study the work at the right. Then write the missing 2
numbers or words. 7/169
The dividend is ... ... It contains only 1 hundred,

so that it cannot be divided by the divisor, whichis ......
The dividend has ...... tens (+9 ones). 16 tens—=7=2
...... ‘I'he quotient figure is written above the 6 of the
dividend to show that 2 means 2 ......

b. In the example 5/496 the first quotient figure is 9; it is written
above the hgure ...... in Jle dividend, to show it means
9 ......

¢. In the example 3/862 the fist quotient figure is ..... It is
written above the igure ... .. of the dividend, so as to show
that it mieans so many .....

d. Study the example at the right. Then write the 4876
numbers or words that ave called for. + 3417
bET=..... ;write ... .. ,and camvy 1 ... ..

Add the tens: 1474+1=..... (tens) Write 9in ... .. place.

Add the hundreds: ... ... ..=..... (hundreds). Write
..... in the hundred's place, and carry 1 ...

Add the thousands: 14..... +..... =8 ..... Write 8 in

the ..... place.

e. In the subtraction example at the vight, you can- 4364
not subtract the ones, Y from 4, so you borrow —2919
| from ..... M—9=..... » write the -
figure in ..... place.

Subtract the tens: ..... ~l=a tens. Write the figure
in..... place.

Subtract the .....: 3—9=% You must borrow 1 ..... from
..... 13 (hundreds)—9 (hundreds)=..... ..... Write
the figure in ... place

Subtract the thousands: ... .. -2z (thousands). Write
the figure in ... .. place.

{. In the multiplication example at the right the mul- 12
tiplier, ..... , comntains 3 ... .. and Lo ones. x 34
When vou multiply by 4, vou multiplv by o ... ; "T48
when vou multiply by 38 you multipty by 3 ..... 36

4x2=8..... Wiite 81in ..... place, under 2 and 4.
A% (ten)y=4 ... .. Wiite funder land 3 in ... place.
g (tensyx2=6 ..... Write 6in ... .. place, under I and 3.
3 (tens)yx 1 (ten)=3 .. ... Write3in ..... place.
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EXAMPLES OF OBSERVATION AND INTERVIEW

The few examples given below relate, for the most part, to
computational difliculties. Nevertheless, thev are deseribed here
under mathematical understandings, since the computational
difliculties scem to have arisen from ignorance of principles,
inadequate concepts. and the like.

Miss Thelma Tew." in a fairly well-controlled experiment in
which she undertook to teach children the division of fractions
by the Common Denominator Method, noted two faulty pro-
cedures which were peculiar to this method. One procedure wvas
to reverse the positions of dividend and divisor, as in solution (a).
The other procedure was similar; it consisted in reversing the
positions of the two numerators, the fractions, however, being
retained in their correct positions. "This procedure is illustrated
in (by:

o o2 5
a) -l T e e =)
()x | 8§ 8

2 3 2 §]
by - - = - +=- =3

Both errors arose from the expectation of a whole number as
the answer and the unwillingness to accept a fraction (1/3). The
exarples used to introduce the Common Denominator Method
had all had whole numbers as answers. Once the nature of the
error had bheen determined by observation of the pupils’ written
and oral work, the nccessary remedial instruction was at once
apparent.

Miss Hilda Briemson' interviewed children, using the Com-
pass Survey Test for this purpose and reporting on their work
habits with decimals, per cents. and common fractions. Four
pupils arrived at the answer 1.75¢¢ for the example: 1% of
N=..... “¢ of N? Their explanation was, “Change the three-
fourths to seventv-five hundredths. 1 knew that three-fourths is

18 Thelma Tew, “Teaching Division ol Fractions by the Common Denominator
Mcthod.”  Unpublished Master's thesis in cducation, Duke University, Durham,
N, Co1934,

17 Hilda May Briemson, "Some Causes of Frrors in Percentage.” 1npublished
Masters thesis in education, West Virginia University, Morgantown. 1936,
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the same as seventy-five hundredths. One would be one hun-
dred.” ‘The element of complete meaning is clearly lacking in
this instance.

Miss Briemson, whose whole thesis is filled with excellent illus-
trations ol the value of the interview, also found four pupils
giving the answer 55/100%¢ for the example: .55 of N=.....%
of N7 On being questioned they stated their procedure as, "I
changed fifty-five hundredths, a decimal, to fifty-five one hun-
dredths.”  Again, a very serious deficiency in meaning is re-
vealed.t®

Miss Edwina Deans, a second grade teacher in the Evanston,
I1l., schools, has supplied in personal correspondence the fol-
lowing examples of observation and interview:

“1 asked one child how he knew 841 so well. (Fe didn't have a
good undenstanding ol other combinations with sums of 11 and 12,
He said, "1 always remember the egg box you showed us” We had
used the cgg box Loy finding the s and 3y in 12,

"\ couple of days ago Richard was reporting on some reading he
had been doing. He said, A stage coach could go a thousand miles
an hour!” It was intaresting to hear the children’s amazed comments.
..« “lhe 1007 (a Northwestern train) goes only 117 miles an hour.
A wain goes much faster than horses.” ‘A horse can’t run as fast as
a car e go, and a wain goes faster than most cars. A car goes only
53 or 60 miles an hour.” The conclusion was obvious: Richard was
advised to look up his information again.

“1wanted to see whether children who had been taught the mean-
ing nd composition of numbers could lewn to borrow in subtraction.
¢ Lhis sKilb was not in the cowrse of study; 1T was merely curious to
see what such childien conld do with a minimum of instruction
em this sKilly T wrote the example 62—-37 on the blackboard in ver-
tical fovme "This iy what Junmy said, atter Ruby had been ‘stumped’
i fmding that she could not make the first subtraction (2-7) at
once: “You could take T from 6. [ asked, ‘Why can you do that?'
Jimuy aeplivd, ‘Because its 6 tens, and you need 2 ten over here, so
10 will make 120 12 ke away 7 is 5. (On questioning him later |
found that he had gotten 5 by thinking ‘7 from 10 is 3, and 2 more
v 5. 3 hhom 5as 270

“When our radishes came up [this obviously was in connection with
a gnden unit or project] we had to dedide how to think about them.

1 An excellent use of observation analssis of wiitten wotk) in this same men of
percentae will be found in the reference: Avthur Fdwaods, =0 Stady of Farors
in Percentage.” Twenivaunth Yearhook of the National Society for the Study of
Ldveaton, Part 11, Chapter XIL Public School Publishing Co., Bleomington, il
1930,
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Ouwr problems were: (1) How many shall we leave in each row? (2) If
we leave 4 in each row, shall we have enough for 2 radishes apiece?
(We have 28 childien in our room, and there were 10 rows of radishes.)
(3) If we leave 5 in each row, shall we have enough for 2 radishes
apiece? (1) What, il we leave 6 in cach row?

“I had the children make dot pictures for counting by 4's, 5's, and
6's. No attempt was made to have the children learn the multipli-
cation and division facts they discovered. I merely was trying to sce
how they could think in terms of these processes. Their work, as I
observed them doing it, and also as I saw the results on their papers,
gave me just the information I needed.”

PuriL. ReporTs, PROJECTS, ETC.

No samples of evaluation by means of pupil reports, ctc., are
given here. The chief reason is that they consume a great deal
of space. If the reader will refer to the discussion of this pro-
cedure on pages 210-241 preceding, he should be able to under-
stand how number and quantity could appear in units, projects,
and reports in ways which would reveal the presence or absence of
mathematical understandings.

The writer has before him a second grade unit on the Post
Office and the Mail, through which the teacher (Miss Fdwina
Deans) has been able to provide many experiences with number
in circumstances which are as suitable for evaluation as for teach-
ing. Such experiences are particularly helpful for disclosing the
level of children’s thinking. Thus, in comparing the cost of an
ordinary 3¢ stamp and of an airmail stamp, the teacher can see
whether they count, or use concrete objects (like marks or pen-
nies), or can f{ind the answer by the use of meaningful abstrac-
tions.

Sensitiveness to the quantitative in social relations, etc. The
various outcomes within the third group of arithmetic outcomes
(see page 232) lend themselves with differing degrees of success to
measurement by means of tests. There are no standard tests to
evaluate growth toward all these outcomes or toward any one fully.
The nearest approaches are mentioned below. The first two out-
comes in this group can probably be subjected to formal written
testing better than can the others. Samples are given in the fol-
lowing pages.

For the evaluation of the other outcomes, the most fruitful

O
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procedures are (a) observation and (b) pupil reports, projects, and
the like. With regard to observation, the teacher (1) may proceed
informally, noting the extent to which pupils habitually describe
personal uses of number in and outside the classroom, voluntarily
bring matter from magazines and newspapers which contains
quantitative data or accounts of business or engineering cvents
in which number plays a large part, etc. Or, (2) he may arrange
ahead of time situations which pernit better controlled observa-
tions of children's use of number, if such is their habit. Perhaps
no other classroom device offers more opportunities for either
type of observation (if the opportunitics are but graspad as they
usually are not) than does the activity-unit, in which number
occurs in a truly functional way.

As fer pupil reports, projects, and the like, reference is to
special pupil projects, reports, excursions, readings, dramatiza-
tions, picturizations, tabular presentations, billboard exhibits,
scrapbooks, homemade models, etc., which reveal number in its
historical and in its current social applications.

Neither (@) nor (h) has been exploited to anything like its pos-
sibilities. The close relation between teaching and evaluation is
here clearly apparent. Children Lecome sensitive to number and
come to use number as they experience it in useful ways and are
encouraged actually to use it; and these same conditions of use
constitute the best basis for evaluation. Also, they help to in-
sure that the habits of using number acquired in school will be
available for usc outside of school and later in adult life.

Varying purposes of evaluation. No value attaches to a discus-
sion of the separate outcomes in terms of the purposes of evalua-
tion (diagnosis, inventorying, etc.). While development in these
areas of growth resembles growth in mathematical understanding
in being gradual, about all that can be hoped for now is that
teachers shall be aware of the necd of providing opportunities
for children to see the applications and the usefulness of number,
that they shall actually provide them. and that they shall regu-
larly observe the nature of their pupils’ behavior in social situa-
tions involving number. Here again evaluation is subjective, but
none the less valuable than if it were objective in the strictest
sense.
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Testing DEVICES

Vocabulary, Knowledge of Business Practices, etc. Grossnickle®
prepared a vocabulary test of sixty-eight business and social terms
dealing with taxation, stocks and bonds, banking, insurance, mer-
chandising, building and loan associations, and installinent buying
(only one item each for the last two). His test consists of multiple-
choice items but has never been published or, to the writer’s
knowledge, standardized. The reference does, however, contain a
useful list of important terms,

Part of the terms in the Vocabulary part of the Analytical
Scales of Attainment (grades three and four, five and six, seven
and eight) are such as fit in the present category—for example,
exchange, withdraw, dues, overdue, wages, discount, cargo, profit,
ctc.

It is not particularly difficult to framne test items for such terms.
(To make them good items is another matter) Below in a-h
are given samples in the multiple-choice and the Yes-No forms.
In ¢ is given another form of testing, which would seem to make
the evaluation somewliat more functional.

a. ‘The money one pays tor protection on an insurance policy is
called the (1) premium; (2) the dividend; (3) the discount;
(¢t) the commission.

b. Or, the premium on an insurance policy is (1) the amount of the
policy; (2) the money retuined at the end of the year; (8) the
length ot the term of protection; (f) the payment made regu-
larly for protection,

¢. To receive money on a check made to our order we must (1) pay
a tax on it; (2) indorse ity (3) discount it; (1) make out a note
for it.

d. Or, when one indorses a check, one (1) writes his name on the
back; (2) puts a date on it; (8) signs the note as maker; (4) de-
posits the money at the bank.

e. A mortgage on a property is one form of security of a loan.

Yes No

f. Dividends from a company’s carnings are paid on common stock
before they we paid on preferred stock. Yes No

By the face of a note is meant the side of the note which con-
tains the maker’s name. Yes No

19 Foster F. Grossnickle, “Concepts in Social Arithmetic for the Eighth Grade,”
Journal of Educational Research, 30475488, Maich, 1937,

O

RIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

264 Sixteenth Yearbook

h. Customers receive a commission when they purchase goods of
agents, Yes No

. Wate the correar word or words in cach blank space. The words
to be used are histed at the right.

The P and G Grocery Co. regularly takes its  interest
money to the bank every morning. Last Tues-  face
day Mr. Black had this vesponsibility, Of  discount

course, he had to makeouta ....... ... ...+, deposit
showing all the cash and checks he was putting slip

into the bank. Each check he hadto . ...... ... date of
for the company, The .......... of one note maturity
was for $120.00. Tt was to dvaw .......... at indorse
the rate of 50, for 90 days, and the ..........  proceeds

wits October 1. The grocery company, how-
cver, wanted the maoney at once, so My, Black

asked the bank o ..o . the note. This
the bank was glad to do, and gave credit to
the grocary company for the .......... which

amownted to S118.20.

Graphs, Tabular Malerial, Statistics, etc. No samples are given
under this heading. for the reason that many are to be found
in textbooks and workbooks. It is rather easy to devise ade-
quate test items of an objective character both in the way of
constructing and in the way of interpreting statistical, graphical,
and tabular data. In the interpretation of such data, pupils can
be called upon, by means of multiple-choice, matching, and
true-false techniques, to identify items, answer questions of fact,
trace relationships, and the like.

Awareness of the Usefulness of Number, etc. The most valid
evaluation is made by means of observation, pupil reports, proj-
ects, etc. An indirect means of measuring the outcomes under
this heading is offered through objective test items which cover
a great variety of social situations in which number is used.
These situations for the purposes of evaluation must, of course,
be selected with proper regard for the experiences normally to
be expected of children of the given age. Samples arve:

a. Is a ity block often a mile long? Yes  No
b. Do guns used in war sometimes shoot 10 mi.? Yes  No
e. Would you expect to get 250 lollipops for 1042 Yes  No

d. Would 20 gal. of lemonade be needed for 80 chil- Yes  No
dren at a picnice
e. Can you throw a baseball 500 ft.? Yes No
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f- 1E you sleep 10 hr, a night, is that as much as 2 mo.

a vears Yes  No
£ Do we use scconds to express the length of a

month? Yes No
h. Do we weigh coal as carefully as gold? Yes  No

& Are things sold in prepared packages in order to Yes  No
make them cheaper?
J- Do people hoard money when times are good more  Yes  No

than when times are bad? Yes No
Lo Are there cigint sides on a cube? Yes No
[ Is term insurance the cheapest kind of life insur-

ance? Yes No

OsstrvaTION, INTERVIEW, Prpi. Projrcrs, ReEvorTs, Fre.

As has been stated repeated'y, formal tests have relatively little
value for evaluating growth toward the objectives subsumed
under quantitative sensitiveness. The veason is that evea if test-
ing devices can be constructed, they still are artificial. The
essence of evaluation in this atea is to “catch™ the behavior in a
functional setting. and tests are not functional so tar as the uses,
appreciations. ete.. it this group of outcomes are concerned,

On the other hand, chservarion and the use of pupil projects,
reports, and the like can be n st effective for evaluation. The
reader is again referred to ME s “ruble’s chapter. especiallv pages
181-195, where are presented  moles of units and prejects which
contain, or mav be made to contain, many opportunities for
evaluation.

CONCLUDING STATEMENT

The conceptien of evaluation which has been advanced in the
foregoing pages obviously places a heavy responsibility upon the
classtoom teacher. Standard tesis, when properly selected and
properly used. are of some service in mecting this responsibility.
More helpful, when evaluation #s undertaken for the direction
of learning, are locally prepared paper-and-pencil tests. Neveirthe
less, throughout this discussion far the greater emphasis has been
placed upon the insights which are to be had from the con-
tinuous and enlightened questioning and observation of children
while they are engaged with their daily work in arithmctic and
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with their projects, units, and the like, in which arithmetic
plays an important part.

If it be granted that the purposes and means of evaluation
here outlined are valid, we face the *ask of implementing this
conception. Certain obstacles which at present hinder progress
must be eliminated. In the first place. teachers of arithmetic
must receive a different kind of training from that to which they
are usually subjected. Their training must be made functional.
This is but another way of saying that they must be prepared
for their teaching duties in a way which reveals to them the
peculiar nature of those dutics. Among other things, they must
examine the subject matter they are to teach in the light of
modern theory, which stresses, besides computational efliciency,
both the mathematics and the social applications of arithmetic.
Too, they must view the subject matter as the learner views it,
and not merely as does the adult who has completed his learning.
Otherwise, teachers can hardly appraise correctly and s,.npa-
thetically the difficulties children meet in developing skill in
quantitative thinking. The child-view of arithmetic is best at-
tained by working directly with individual children and by inter-
preting what is observed in terms of growth toward this ultimate
objective. Even so, programs of teacher training (and so also
of classroom teaching and evaluation) will be handicapped until
the second and third obstacles to progress have been removed.

The second obstacle is our ignorance of the characteristics and
nature of sound arithmetical learning. As is pointed out else-
where in this volume, little research relating to arithmetic has
been oriented with respect to the chiid and his problems in
learning. Compared with the large amount of research on other
phases of arithmetic, the amount devoted to careful investigations
of learning as such has been small indeed. This general neglect
of the child and his learning is reflected also in the measures
which have been used for evaluating teaching methods and de-
vices, for example. Scldom indeed does one encounter evidence
that research workers have been concerned witn the qualitative
or subjective phases of learning. If teachers arve to have the in-
formation they sorely need to improve their instruction and their
evaluation, research must be given a new divection, a direction
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which is well indicated at the d of Professor McConnell’s
chapter.

The third obstacle which prevents the implementation of eval-
uation of the kind here adv ~ted resides in current materials
of instructions. Many of ou: arithmetic textbooks are still little
more than outlines of the subject in terms of the skills to be
taught, and most workbooks still deserve the designation of drill
pads and practice booklets. In textbooks and workbooks alike,
explanations of operations and computational activities are com-
monly restricted to directions of what to do and how to do it.
The underlying mathematical principles are not consistently
called to the attention of pupils (or of teachers). Again with the
exception of verbal problems, which after all contain few social
applications that represent vital and real needs on the part of
children, textbooks and workbooks do relatively little to instill
an awarcness of the significance of arithmetic and to develop
habits of using arithmetic. And still again, textbooks and work-
books are commonly almost silent on stiegestions for evaluating
the degree to which children understund what they learn and are
sensitive to the quantitative aspects of their lives. The improve-
ment of texts and workbooks is one of the surest and most im-
mediate means of redirecting teaching and evaluation in the
way described in the foregoing pages.

None of the three obstacles here discussed is insurmountable.
Likewise, none of them will be removed merelv by pious hopes.
If these obstacles are to be eliminated, they will be elininated
only by diligent and enligh.ened effort.
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Chapter XI
RECENT TRENDS IN LEARNING THEORY

THEIR APPLIZATION TO THE PSYCHOLOGY OF ARITHMETIC

BY T. R. McCONNELL
UNIVERSITY OF MINNESOTA

LEARNING IS A CHANGE IN THE ORGANIZATION
OF BEHAVIOR -

Organization a primary aspect of behavior. Newer trends in
the psychology of learning emphasize the primacy of organiza-
tion. This principle can be illustrated in a variety of ways. For
example, human beings—and animals for that matter—respond to
relations among stimulus objects. This characteristic of behavior
was clearly shown in a series of experiments on “equivalent stimu-
lation,” designed to permit variation in detiils of the stimulus
situations to which the subjects reacted, while the general pattern
in the situations was held constant. Among the several experi-
mental tasks were (1) a difficult number maze in which all the
numbers on the sheet were changed by certain sums in the several
variations, and (2) a complex pencil maze in which variations
were secured by printing the maze in different scales. The experi-
ments demonstrated, first of all, that when stimuli were varied
within certain rather wide limics as far as their absolute charac-
teristics were concerned, learning did not suffer provided the
internal organization ot the stimuli remained constant. The
results indicated, furthermore, that what the subjects learned in
these experiments was not a loosely connected series of specific
reactions but a highly organized response. In the pencil maze
task, for example, the group which practiced with a maze of the
same pattern vut of different size on each repetition learned as
cfliciently as the group which practiced with mazes identical in
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both size and pattern. The former group could not have prac-
ticed the same movements each time. They learned, not a chain
of specific responses, but an organized reaction pattern in which
the particular movements were subordinate to the general con-
figuration.! Such data as the results of these experiments em-
phasize the principle that learning is not the acquisition of items
ot information or skill, or ot a multitude of discrete reactions,
but is a change in the organization of behavior which gives the in-
dividual more effective control over the conditions of experience.
Form or plan facilitates memorization. Research on human
learning has also shown that the presence of form or plan in
material to be learned greatly facilitates memorization if one
discerns the pattern. Thus, a list of numbers arranged according
to a definite scheme can be lewrned much more easily than an
“unformed™ sceries of the same lengthr Recent studies have
revealed that some Kinds of grouping, or organization, are more
effective than others in learning, In one of the experiments, four
comparable groups of subjects were required to learn the tollow-
ing series of numbers in four different ways,
2033364043417
281215192226
Group I was told that the numbers were arvanged according
to a principle. and that both rows were built according to the
same rule. For Group II the numbers were presented in the
following way: 203 336 101 347, To Group [II the numbers
were given as amounts ol government expendituves, that is. as
STOBIIOLOEIAT in 1920 and S5812.151.922.26 in 1936, Group
IV was given a lecture on government expenditures in which the
following numbers were presented and relerred 1o with the proper
experimental {requency.
S2.033 million ST5.192,226.000
SHN12 nullion S36,401,347,000
The results areatly favored the finst of the four types of arrange-
ment on both immediate and delaved reproduction tests. The

RO Teeper and DO Leeper, "An Experimental Study of Fguvalent Stimula-
ton an Hluman Leawininee” Jovonal of Geneval Pachoboeg, 603012376, April, 1932,

0P Guillond, " The Rale ol Forme in Leaiing,” Jourual of Experimental
Pachology, 100 154320 October, 10927,
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investigator concluded thar various types of grouping imay aid
learning, but that some for.us of organization are more “adequate”
than others. The most adeq..ate, he concluded, were those based
upon intrinsic relations. The organization of a series of numbers
according to a principle is an example of the kind of grouping
which secems most effective for learning and delayed recall.

Intrinsic relations in number system. In arithmetic, the num-
ber svstem provides the intrinsic relations which constitute the
basis for understanding and organizing the multitude of specific
skills and abilities which are included in it and controlled by it.
This closely knit system of ideas, principles, and processes has
a meaning which will not be revealed by dealing with the
elements alone. By failing to teach the basic principles of the
decimal svstem, and by requiring the pupil merely to memorize
a host of discrete number facts, we deprive him of the only
effective means of generalizing his number experience. and of
applyving his learning intelligently in new situations. Unfortu-
nately, arithmetic has been analyvzed, as Wheat explains, “into
a multitude of combinations, processes, formulas, rules, types of
problems, etc., and the pupil is taught each in turn as a separate
item of experience. Often, when he has completed the course,
he knows only those parts that he can still remember, and they
all seem to him as separate and unrelated combinations, processes,
formulas, rules, and types of problems to be solved. Finally, when
his memory for these separate items fails him, he has nothing
left to carry into his adult world but the meaningless, unin-
tevesting, and unpleasant experiences that his classes in arithmetic
scem to have provided for him.™ The purpose of systematic
learning in arithmetic, on the other hand, is to provide pupils
“with methods of thinking, with ideas of procedure, with mean-
ings inherent in number relations, with general principles of
combination and arrangement, in order that the quantitative
situations of life may be handled intelligently. . . .7

Learning as differentiation. The principle that organization

SGa Ratona, Organizing ond Menioriunyg, Columbia University Press. New York.
a0
”:([‘I. G Wheat, The Pachiology and Teaching of Arithmetic, p. 157, D. C. Heath

and Company, Boston., 1937,
sThed,, p.o LI0.
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is a primary aspect ol human behavior is also illustrated by the
fact that the most elementary adjustments involve highly struc-
tured activity, The first efforts of the child to manage the quan-
titative aspects of - sperience provide evidence that although his
behavior ds relatively wndifferentiated, or unparticularized, it is
none the less organized. The comse of development in behavior is
often from the whole to the part, from the general to the specitic.
This process of growth is called differentiation, which has been
detined as “the emergence of a feature or detail of the original pat-
tern out ot its setting to become a new and particulavized whole,”™
The phenomenon of the ditferentiation of specitic details from a
more generalized response is evident in the way in which the child
learns to count. Contrary to the usual assumptions, the child's
number ideas do not begin with counting. A\ recent study indi-
cates, on the contrary, that “a group of objects meaning ‘many’
to the child is not differentiated first into a multitude of ones.
A gross differentiation precedes this more comples differentiation;
the division of the group is made into more o less unequal
subgroups. . . "% The child does not need to count to compe:
hend the meaning of more or less. Fhe idea of equal is somewhat
more diflicult. but can abo be grasped without counting. The
study just quoted revealed that it was only at a later stace that
a group was divided into homogencous parts on the basis of
number. The data also showed that the cardinal and ordinal
ideas of number emerge together. Counting accompuanics this
process as a relatively late phase of differentiation. Counting is
a particularized. specific, refined method of dealing with groups
of objects. But it is also unportant to note that counting provides
a systematic, organized means of dealing with the diseviminated
individual members of a group. Tt involves a perception o the
relationship of the part to the whole Counting is 4 means of
discriminating the members of a @ioun. It s adso the means of
grouping or organizing individual it

Differentiation has also been detined as “the progressive expli-

WO D Commins, Provertlos of Foseational P o, po 3360 Ronald Pres
Co. 1937,

TNLML Russel!s “Arithmetical Concepts of Childien ™ jonraal of Fdueational

Researeh, 20 647.66%, Mav, 1934,
8 Wheat, op. i, p. 20,

O

RIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

272 Sixteenth Yearbook

cation of detail in an implicitly apprehended whole.” Beginning
with a relatively undifferentiated pattern, the structure ov the
significance of the whole may become more explicit and the
details which are relevant may become more distinguishable.
This continuous differentiation of an idea or process occurs con-
stantly in meaningful learning in arithmetic. Wheat points ont
that the idea of ten and the idea of position are two of the core
ideas which run throughout arithmetic, svstematically taught and
learned. from beginning to end. He explains the development
of these ideas as follows:

Evera glimmering of these ideas at the beginning helps the pupil
to recogiize and rely upon them in the adding and subtracting of
two-plice numbers, “Canving™ tens in addition, subtraction, and
multiplication, and division by two-place numbers gives opportunity
for cmploving the ideas. At every step. to and throughout dedimals
and percentage, these same ideas continue to appear. Every step may
novide the occasion both of illustrating and extending these ideas
i the pupil’s mind. and of giving him an opporomity to use what
Httle he may previowsty have learned of them as an aid in his attack
upon new processes to be leaned, o

Related to the ideas of ten and position—really a part of them—
are the ideas ol size and of nuwmber (whether of pares or of gmu]‘)s).
Although these may be most evident in fractions, thev mav be under-
stood the better it one can discover them running through the whole
of arithmetic. And fundamental 1o the whole oo withmetic are the
ideas of combination ol uncqual and equal groups in addition and

multiplication and of separation into unequal and cqual groups in
subtraction and division respectively»

These comments are excellent iltustrations of the wayv in which
ideas incompletely understood in the beginning acquive more
significance through experience and uimately cmbrace a much
more extensive set of puticulas ana applications. They also
illustrate the principle that however impertect or vague the
pattern and the details mav be in the beginning, however well
routtded out the pattern, and however specilic and distinguishable
the details mav become as lenning coes on. unity characterizes
the Teoning process throughout,

Lea g as integration. Learning, of course. is more than a
process of ditferentiation. It is one of intearation and reoroani.
zation as welll Intearation occurs when one discovers the relations

-
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between things which were learned at different times and in
different contexts.  Mcchanistic theories of learning of necessity
have had to make provision for some kind of association of "unit
skills” and “lesser abilities™ into an operating hierarchy. But
the assembling of parts was primarily in terms of relatively sclf-
contained or discrete processes such as addition of whole numbers,
long division, and Case 1 of percentage. This form of integration
was little more than summing, resulting ordinarily in a scries ot
procedures conducted by rule-of-thumb methods. Understanding
the mathematics, or logic, of a process, and relating one process
to another and to basic number ideas, was not only not recom-
mended but was very frequently discouraged.

Integration, rightly conceived, involves a highly coherent
organization. It is essentially a meaningful rather than a mechani-
cal process. T'his connotation ot “integration is clearly implicit
in the following detinition of the term:

.+« whenever a number of more or less discrete objects or “ideas”
cuter into a configuration ot behavior, they become joined by virtue
ol their membeship in the whole; the mémbers are thereafter held
together, not by the external ageney of an assodiative “glue,” but by
the nansformation they have unaergone in losing something of their
individuality and becoming the members of a single pattern of be-
havior.o

There are many organizations of lesser or greater degree in
avithmetical processes. For example, one may think of a sys-
tematic arangement of the addition facts or of the subtraction
facts. One may also consider the relationships between addition
and subtraction, not only ot specitic “facts,” but of the processes
themselves. The four fundamental processes —addition, subtrac.
tion, multiplicadon, and division--may be conceived as different
but related wavs of regrouping. involving combination and sepa-
ration of unequal and equal sub-groups. Regrouping by tens is
another means of utilizing relationships. As Tearning proceeds,
one should construct more inclusive and ssstematic organizations
of ideas and processes woverned by the fundamental structure of
the number system. Thus it is not onlv desitable to sce the cor-
reltion of the “three cases™ in percentaze. and a generalization

R ML Ousden and FoS Freeman, Pwcholagy en:d Foyearion, e 179, Harcomnt,
Brave and Compim, New Yark, podu
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of the underlying number relationships, but also to understand
the relations between fractions, decimals, and per cent. As the
pupil studies the applications of percentage, such as interest,
savings, investments, gain and loss, cost and selling price, insur-
ance, taxes, etc., he should not only seeure training in practical
activities but also a better understanding ot percentage. “Such
a procedure.” writes Wheat, "brings into a single, unitied scheme
of thinking or method of attack what otherwise might easily be
a dozen sepavate, distinct, and unrelated "applications’ of per-
centage.”" T'he process of integration, or reorganization ot expe-
rience in more mature, effective, and systematic form, is but
another recognition of the movement to make 1elatedness and
organization the central concept in the psychology of learning.

The mechanization of arithmetic. "On the one hand,” says
Wheat, “number as a science is systematic and consistent; on the
other hand, number as a practical art is often a series of rule-of-
thumb proceduves.”** This observation is only too true. Why
has instruction in arithmetic disregarded and obsiured the in-
herently sensible and understandable structure of the subject?

One of the principal reasons for the mechanization of arith-
metic is that it has been caught in the toils of the connectionist
theory of learning. Mathematics, particularly arithmetic, has been
casv prey for analysis into elements. bonds. connections. The
most influential person in the movement to psychologize arith-
metic in conformity with connectionist principles, has. of course,
been Thorndike. Under his leadership. psvchologists have pre-
pared the arithmetic for learning by analyzing it into hosts of spe-
citic items. This followed naturally from the habit of breaking
behavior into small units. and attempting to describe the most
complex processes by listing their constituent parts. The detailed
items into which subject matter could be dissected corresponded
nicely to the specific S—R connections of which any mental func-
tion supposedly was composed. These psvchologists conceived of
learning as the process of forming specific bonds and gradually
seriating or combining them until the function as a whole had
been constructed. Correspondingly, one memorized the items of

1 Whet, op. et p. 150,
12 Jbid., p. 153,
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subject matter piecemeal and ultimately collected them into more
or less compact hierarchies best described in many instances as
a connected series of routine procedures. Under this kind of
learning, there was no need to establish a scheme, a fundamental
idea, or a basic pattern of responses when beginning to acquire
a skill or ability. Neither was there any assurance that generalized
control of the process would emerge in the end.

Much has been said in discussions both of learning and curricu-
lum construction about the differences between the psychology
and the logic of a school subject. In many instances, theve is far
more relaton between the two than superficial considerations
would suggest. In the case of arithmetic, attempts to psychologize
the subject appear to have damaged it both logically and psy-
chologically. By decomposing it into a multitude of relatively
unrelated connections or facts, psvchologists have mutilated it
mathematically, and, at the same time, by emphasizing or
encouraging discreteness and specificity rather than relatedness
and generalization, they have distorted it psvchologically. They
have obscured the systematic character of the subject, and have
created a doubtful conception of how children learn it. Further-
more. the practice of connectionism in arithmetic leads almost
inevitably to immediate emphasis on rapid and accurate com-
putation rather than on the development of the ability to think
quantitatively. Computation is easily seamented into constit-
ent units, while quantitative thinking, because it rests upon gen.
eralized understanding, 1s not susceptible to analysis into specitic
clements.

A recent writer calls the meticulous analvsis of arithmetical
processes into detailed clements, or even into tvpe examples,
“academic msanity.” That seems a little oversevere. However
one learns arithmetic. he must ultimately be able to respond
correctly and efficiently to a considerable number of variants of
any process.  Inventories of the characreristic forms which a
process may take arc useful in the construction of diagnostic
examinations and in the preparation of varied experiences with
which to attain basic understandines and procedures. However,
one can no longer defend the learning of a large number of
relatively independent items within a process as a substitute for
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understanding the process mathematically. Evidence is accumu-
lating slowly but surely which reveals that when the learner
understands the number system and the operations which its
structure permits, he has developed insight into arithmetical
processes which makes instruction and drill on each variant or
every specific “fact” unnecessary.

Social utility related to excessive analysis. The reduction of
arithmetic to the specific abilities which have social utility has
plaved handmaiden to the coraectionist theorv of learning. s
Wheat has pointed out. when social usefulness determines entirely
what arithmetic one should learn, . . ., anv idea of a relation
between topics and processes must be abandoned. When topics
and processes may be included or excluded at will, any relation-
ship among them must be decidedly unimportant.”™® However,
if one is as seviously concerned with understanding arvithmetical
processes as with using them in practical situations (this writer
believes that the one is in fact the most effective means of achiev-
ing the other), he will include in the learning sequence whatever
is necessary to give mathematical significance and logical structure
evea it some of it has no immediate social utility, The science of
number provides a rationale for the meaningful organization of
experience, a scheme which the lewmer can use to systematize
his ideas and his computational skills, This point of view has
little afhnity for connectionist dogma with its cmphasis on blind
repetition and its wariness of ratiomal procedures. On the con-
trary, i is part and parcel of a theory of learning which stresses
organization rather than discreteness understanding rather than
memorization, the exercise of the hinher mental processes rather
than dependence upon lower-order habits. “T'he psychology of
the higher mental processes.”™ Judd insists, “teaches that the end
and goal of all education is the development of svstems of ideas
which can be carried over from the situations in which they were
acquired to other situations, Svstems of general ideas illuminate
and clarify human experiences by raising them to the tevel of ab-
stract, generalized, conceptual understanding, '+

hid.L . 125,

WL Judde Blucarnon as Celioatem of e Higher Mental Processes, pa 177,
The Macmillen Company, New Yotk 1936.
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LEARNING IS A DEVELOPMENTAL PROCESS

Confusion of product and process of learning. That learning
is a process of development is a second principle of farreaching
importance for education. Association theories confused the end
or the product of fearning with the process; they treated learning
as the fixation of responses. In spite of all the revisions which
Thorndike has made in his statement of the principles of learn-
ing. his interpretation of the business of teaching simmers down
to thist Identify the sitmation for the learner: identify the re-
sponse, and make sure that the learner can make it then put
him repeatedly throveh the reaction and make the practice
satisfving, - Connectionism comes  perilously  close to treating
Usituations,” Uresponses,” and “bonds” as entities in themselves,
as items which have ind-; cident existence. The literalness with
which some associationists speak of these clements is little short
of the idea of cords of different degrees of strength actually tied
at either end to definite objects.

To the connectionist, the only differences between responses at
the inception and at the completion, or fixation, of a reaction
pattern are the speed of reaction and the variabilitv of the re-
sponse. In fact. the bond psychologist looks with suspicion upon
any attempt to invest a task with meaning, or to approach the
fial stage of habituation through intermediate or developmental
reactions. Thorndike insisted. for example, that “time spent in
understanding facts and thinking about them is almost always
saved doubly by the greater case of wemorizing them.™ Agan,
he declared:

The docuine that the customary deductise explanation of why we
invert and multiply, or place the partial products as we do béfore
adding. mav be allowed to be forgotten once the actual habits are in
working order, Las asuspicious source, It arose to meet the eriticism
that ~o nmirch time and eflore were required o keep these deductive
explanations in memaorv, oL The face was that the pupil learned
o compite contedth nespective of the dednctive explanations, They
were onlyoan added burden, His indudtive feamming that the pro-
cedure gave the vighe answer really ught him. So he wisely shuffled
off the extra hunden of facts abont the consequences of the  nature

of a fraction o1 the place values of our decimal notation. The bonds
weakened because thev were not used. Theyv were not used because

O
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thev were not useful in the shape and at the time that they were
tormed, or because the pupil was unable to understand the explana-
tions so as to form them at all.

‘The criticism was valid and should have been met in part by
replacing the deductive explanations by inductive verifications, and
in part by using the deductive reasoning as a check after the process
itself is mastered. . . . What is learned (i.e.. the deductive theory of
arithmetic) should be learned much later than now, as a synthesis
and rationale of habits, not as their areator.’®

In another instance, Thoindike said that “if an arithmetic
process scems to require accessory bonds which are to be for-
gotten. once the procedure is mastered, we should be suspicious
of the value of the procedure itself.”*

The same attitude toward arithinetic secems to be behind an
unfortunate statement in the recent yearbook on Child Develop-
ment and the Cuwrriculim which divided the school curricutum
into two broad classes of material, the one involving processes of
development and reorganization. the other including “skills and
knowledge that are acquired through specific practice, such as
reading. arithmetical computation, plaving the piano. the facts
of history, and so forth. . . "% On the contrary, there is now
evidence that even skill in arithmeticai computation involves a
process of growth. and that the purpose of teaching iv to give
constructive guidance to this course of development. This view,
instead of confusing process and product. emphasizes the progres-
sive chanaes in the learner’s behavior, and recognizes that cach
stage in the development of behavior is an outgrowth ol a pre-
vious one.

Developmental studies in arithmetic. There are at lcast three
studies which have demonstrated the distinction between firocess
and product in the learning of arithmetic. These investigations
have shown that the acquisition of arithmetical abilities involves
developmental sequences a4 continuous reorganization of be-
havior in which more mature forms of response are substituted

F. L Thomdike, The Paweholagy of dvchmenie ppo 115-1160 The Macmillan
Company, New Yok, 16025

8 1l p. 114

0 E. Anderson. “Problems of Method in Maturity and Curricular Studies,”
Child Deielopment and the Curriculum, Tuwentx-cighth Yearbook of the National

Sociely for the Soudy of Fducat.on, Part I, Chapter XX, pp. 400, 401. Public School
Publishing Companv, Bloomington, TIl. 1929,
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for less mature but nevertheless essential or useful steps in under-
standing and skill.'® These studies indicate clearly the following
sighificant facts:

(1) Abstract ideas of number develop vut of a great amount
of concrete, meaningful experience; mature apprehension of num-
ber relationships can be attained in no other way, Furthermore,
the adequate development of number ideas calls for systematic
teaching and learning,

(2) Drill does not guarantee that children will be able imme-
diately to recall combinations as such,

(3) Habituation of number combinations is a final stage in
learning which is preceded by progressively more mature ways
of handling number relationships.

(4) Repeating the final form of a response from the very begin-
ning may actually encourage the habituation of immature proce-
dures and seriously imnpede necessiry growth,

(8) Drill as such makes little if any contribution to growth in
quantitative thinking by supplying maturer ways of dealing with
number,

(6) Intermediate steps, such as the use of the “crutch” in sub-
traction, aid the learner both to understand the process and to
compute accurately. With proper guidance, these temporary re-
actions may be expected to give way to more direct responses in
the later stages of learning.

(7) Reorganization of behavior occurs as the child's understand-
ing grows, and results in the emergence of more precise, complex,
and economical patterns of behavior,

(8) Understanding the number system and the methods of
operation it makes possible facilitates both quantitative thinking
and, ultimately, rapid and accurate computation.

Most of the investigations of methods of instruction in arith-
metic have measured only computational abilities. When we ex-
tend the measurement program to evaluate instruction in terms

18W. A. Brownell, T'he Dexelopment of Children's Number Ideas in the Primary
Grades. University of Chicigo Press, Chicago, 1028,

W. A, Brownell, and ¢ B, Ghazal, “'Fhe Effects of Premature Drill in Third-
Grade Arithmetic" Jowmnal of Educational Research, 29:17-28, September, 1935,

W. A, Browaell, Learning as Reorganization. Duke University Press, Durham,
N. G139,
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of outcomes in quantitative thinking, the importance of mean-
ingful and develepmental activities will probably prove even
greater.

LEARNING IS A MEANINGFUL PROCGENS

The discussion of the primacy of organization and the develop-
mental character of learning has already indicated, by implication
at least, the third principle of learning for which there is now a
substantial body of evidence: Learning is a 'neaningful rather
than a mechanical process. Fundamentally, meaning inherves in
relationships. Relationships are established by the control which
some organization or systemn excreises over the parts. “The “mean:
ing theory” of avithmetic instruction, therefore, emphasizes the
importance of teaching children to understand our decimal
number system and the ways of manipulating it.'* 'This system
provides the basic pattern for understanding and rvelating the
many specific items which are included in it and controlled by it

Those who really believe that learning is a meaningful process,
instead of merely making a verbal concession to what they suspect
is a passing f{ad, will insist that a general halo of meaning is not
enough. There is in cevtain quarters a lingering desire to present
a few of the numiber combinations meaningtully, and then, in this
atmosphere of reasonableness, to resort to formal drill for the
remainder of the combinations. On the contrary, learning should
be meaningtul throughout, not merely during the first few steps.
Organization, meaning, and development are essential charvacter-
istics of the learning process, not incidents, nor elective devices.
It is surprising how [carful of meaning some persons are. It has
been suggested, for example, that although it might be defensible
to use the subtraction “crutch” in ovder to explain the process,
it should then be immediately discavded for drill in the most
mature form. This proposal, however, is based upon the assump-
tion that “understanding”™ and “fixation” are distinctly separable
functions, a presuppusition which the theory of learning as devel-
opmeint cannot sustain.

10 W, A Brownddl, "Psychological Considerations in the Learning and the Teach:

ing of Arithmetie,” The Teaching of Arithmetic, pp. 1-31. ‘Tenth Ycarbook of the
Nationil Coundl of Teachers of Mathewatics. 1935,
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Distinction between socinl and meaningful arithmetic, There
has been a tendency to assime that learning avithmetic in social
situations and for social purposes makes it meaningful arithmetic.
But a moment's veflection will lead to the vealization that specific
training in the employment of an arithmetical procedure in a
social situation may make no contribution whatever to the
understanding of that process as such. The mere fact that the
words “marbles” or “pennies” are attached to formal vepetition
of 948, for example, may have little to do with the child's
insight into the munber relation behind the verbalization, It is
important, of course, to leari the avithmetic which is useful in
daily life, and to apply avithmetical processes in as many social
situations as possible. Using these operations as social tools un-
doubtedly invests them with meaning in a very restricted sense,
Fundamentally, however, to learn arithmetic meaningfully it is
necessary to understand it systematically,

Buckingham has supplied a terminology to cover the social
phases ol arithmetic and to restrict the use of "meaning” to its
mathematical reference. For the social implications of arithmetic,
he proposes the term “significance.” By the signilicance of num-
ber he means “its value, its importance, its necessity in the modern
social order . .. the role it has played in science, the instrivment
it has proved to be in ordering the life and envivonment of
man.” He continues:

Under the head of meaning T include, of cowrse, the rationale of
our number system. "The teacher who emphasizes the social aspects
ol arithmetic may say that she is giving meaning 1o numbers, 1 pre-
fer to sav that she is giving them significance, In my view, the only
wity to give numbers meaning is to treat them mathematically, L
I hasten o say, however, that each idea supports the other, ... The
one emphasis will exalt arithmetic as a great and benelicent human
institution, the supporter ol a fine humanistic vadition, Th? other
emphasis, the mathematical one, will lite arithmetic, even in the pri-
mary grades, from a formalized symbaolism to the dignity of a quanti-
tative system. In short, when arvithmetie is taught with meaning, it
ceases to be a bag of tricks and becomes, as it should be, a recognized
Lianch of mathematics, . . .

When we confront children with a significant and meaningful ex-
purience, when they mike the experience theirs, they acquire insight,
cich to the degree that he is able. More spedifically, and in particular
relation to number, they gain in two ways: they understand number
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as such, and they also understand when and how to use it to serve
theiv purposes, . . %

The problem of curriculum orgunization. The problem of
meaningful learniug in arithmetic, as Buckingham defines it, has
extremely important bearing upon the nawre of curriculum
organization. Shall arithmetic be taught as a systematic subject,
or should the pupil acquire avithmetical abilivics incidentally, i.e.,
in connection with other subjects, or only as they become a part
of purposeful life activities? The issue in arithmetic, of course, is
only one aspect of the broader problem. ‘This problem is often
stated as follows: Should the curricnlum be composed of sys-
tematic bodics of subject matter, logically organized. o* should
it be composed of life experiences or activities in which subject
matter is utilized and organized without respect to conventional
academic sequences? The latter alternative may be illusirated
by Harap's study, in which pupils learned decimals by using the
processes in practical activities which made the computations
necessary. In appraising the outcomes of learning in arithwetic
under this scheme, the ability of the pupil to make the necessary
computations in the particular situations in which practice is
secured is not the most important outcome. The essential abilities
are those which enable the individual to discern the quantitative
aspects of a great variety of specific situations, to choose the proper
procedures in the light of this understanding, and to perform
the relevant operations efficiently. There is very good reason
to believe that this kind of quantitative thinking depends upon
a mathematical understanding of arithmetic, upon a systematic
study of the science of number. The issues stated ahove were
couched in the usual “cither-or” dichotomy. Actually, we should
not be choosing between mutually exclusive alternatives. We
should cultivate two fundamentally important types of relation-
ships. We should have a wealth of experience, on the one hand,
in bringing understandings, information, abilities, and skills from
many sources—from many subjects, so to speak—to bear in
unified fashion upon significant pioblems of adjustment. We

20 B. R. Buckingham, "Significance, Meaning, Insight—These Theee," The Mathe-
matics Teacher, 2112130, January, 1835

at . L. Hmap and K. Mapes, *"The Learning of Decimals in an Arithmetic
Activity Program,” Journal of Educational Rescarch, 29 :0686-698, May, 1936.
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need, on the other hand, to organize our iearnings in the highly
systematic form which fields and subjects ot knowledge make
available, Dewey has pointed out that "to grasp the meaning of
a thing, an event, or a situation, is to see it in its relations io
other things; to note huw it operates or functions, what conse-
quences follow upon it, what causes it, what uses it can be put
to."# Tou use a mathemati :al process in proper coordination with
ather factors in the solution of a practical problem gives it sig:
nificance; to see it in relation to other processes in its own bighly
organized system endows it with meaning. Broadly speaking,
generalized ideas with which to interpret and control new situa.
tions are the means of continuous adjustment, or of the utilization
of previous experience under different conditions, To acquire
these generalizations meaningfully, it is very often necessary to
lemn them in the context of the closely integrated logical systan
to which they belong. Arithmetic is no exception. To disregard
the mathematical relations of number processes means a reversion
to a form of teaching, the outcomes of which were described
several years ago as follows:

‘There are many pupils in school who succecd in learning their
arithmetic only as a mass of isolated and unvelated number facts. . . .
“Through constant drill and persistent effort, they succeed in acquiring
skill in the operations, but fail to recognize withal the nature anc
the meaning of the operations. As a result they learn to add, sub.
tract, multiply, and divide with a fair degree of mechanical precision;
they learn to perform such operations as they may be directed to
perform: but they do not develop the ability to recognize the presence
of these operations in the siinplest practical situations in which they

may be found. In the comrse of time, however, they succeed in re-
membering that a statement which includes such terms as “how

many,” “altogether,” “total,” “sum,” cte., vequires addition. .. . In
other words they learn to remember the various computations: they
come to rvegard them as so many mechanical and meaningless per-
formances; and, finally, they learn such of their applications as can
be remembered by formula and rule

Using arithmetic in practical affairs and learning it as a system
of thought = both essential to the development of the ability to

think quanatatively,

@2 fohn Dewey, How We Think, p. 137, D. G, Heath and Company, Boston
1033,

2 H, G Wheat, The Pscchology of the Elementary School, pp. 142.143. Silver
Burdett Company, New Yoik, 1631,
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Learning is thinking. Meaningful leaming emphasizes dis-
covery and problem solving. In fact, trom this point of view,
learning is thinking, Instead of learning “facts” and then using
them in thinking, we can learn “facts’ by thinking. This doctrine
means that learning should be charactevized by insight, and it
sharply condemns the traditional practice in arithmetic of having
children memorize certain operations in abstract form, in order
to apply them in verbal problems afterwards. This practice is
probably in considerable part vesponsible for the difficulty
children have in determining what process, or colabination of
processes, they should use in problem situations.

Instead of authoritatively identifying correct responses for chil-
dren, courageous teachers are now encouraging active exploration
and discovery and self-divected learning. They do so, however,
in direct defiance of connectionist cogma, Self-activity may pro.
duce errors, and the bond psychologist wants the child to avoid
error, for Thorndike has found that (contrary to his earlier state-
ment of the law of effect) the occurrence of a wrong response,
even followed by punishment, makes the probability of its occur-
rence greater, vather than less. So Thorndike admonishes that
“the attainment of active rather than passive learning at the cost
of practice in error may often be a bad bargain. . . . The almost
universal tolerance of imperfect learning in the early treatment
of a topic, leaving it to be improved by the gradual elimination
of errors in later treatments is probably unsound and certainly
risky.”"? This pronouncement places a premium on instruction
rather than pupil activity, and stresses authoritative identification
Ly the teacher rather than active discovery by the learner.

Before aceepting this advice, however, one should remember
that Thorndike’s subjects were adults rather than children, and
that there was no possibility of learning the tasks in the experi-
ment meaningfully. The correct choices were always arbitrarily
determined by the ohserver, Furthermore, the studies of McCnn-
nell,** Thiele,®® and Brownell, all of which stressed pupil dis-
covery and meaningful gencralization, gave results which either

w k. L. Thorndike, The Psychology of Wants, Interests and Attitudes, p. 147,
. Appleton-Century Co., New York, 1935,
38 'T'o be considered below.
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indicated that active learning produced no undesirable effects
or showed that it was decidedly advantageous.

Meanii the basis of transfer. Finally, meaningful learning is
the key to ‘he transter of training. A theory of learning as forma-
tion of specific bonds with its accompanying doctrine of transfer
through identical eletaents is utterly inadequate to explain how
one applies old lcarning to new conditions, or how he reorganizes
experienves creatvely, There is a growing body of evidence, on
the other hand, which indicates th: = it is generalization of ideas
and processes which facilitates transter; in fact, it is generalization
whicih makes transfer possible in any important degree.  After
pointing out the limitations of the doctrine of identical elements,
Mursell contends that “in sceking for the true and authentic
similavities between 'wo intevactive patterns we must look not
to their constituent ¢lements but to their central meanings.” For
the greatest transfer to occur, he declares, “a hierarchy of learn-
ings . . . should grow out of one another so that, as the pupil
moves along, meanings become more precise, more articulate,
more highly diffcrentiated, and at the same time more gen-
cralized. "+

The contribution of mearing and generalization to transfer in
arithmetic has been studied by McConnell and Thiele, among
others. In McConnell's investigation, one large group of second
grade pupils learned the addition and subtraction ¢ » binations
by procedures which emphasized discovery, organization, and
generalization. Another group engaged in activities which stressed
authoritative identilication, wixed practice, and specitic drill.
The experiment iasted approximately eight months. During this
period, three tests o transfer to untaught processes were admin.
istered, and a fourth was included in the final battery. The dif-
ferences on all four tests favored the meaningful procedures,
although only one was statistically significant.?”

Thiele’s results were more conclusive, He compared the learn-
ing of 100 addition facts by the methods of specific vepetition and

w0 L. Nhrsell, Educational Psychology, pp. 251.252. W, W, Nortou and Com-
pans, New York, 1939,

20, R MceConnell, Discovery Persus Authoritative Identification in the Learning

of Children, pp. 1362, University of lowa Studies in Fducation, Vol. IX, No, 5,
September 15, 1984,
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meaningful generalization. At the end of the experiment, Thiele
administered a transfer test composed of 30 addition examples
each of which contiined one addend larger than 10. The results
showed a mcan dilference of four examples in favor of the pupils
who had used the generalization method. The critical ratio of
this difference was 7.4, One must agree with Thiele that “'strong
evidence is presented by this study to support the faith of those
who would make arithmetic less a challenge to the pupil’s memory
and more a challenge to his intelligence."** The importance of
generalization for learning, retention, and transfer is so great
that an entire chapter of this Yearbook is devoted to it.

There was a titne when we looked upon transfer of training as
nice to have but so extremely diflicult to get that the school should
rest its case upon the pupils' acquisition of specific adjustments to
specific situations. Now we are vecognizing the force ¢ Judd's
statement that the “end and goal of all education is the develop-
ment of systems of ideas which can be carried over from the
situations in which they were acquired to other situations.” In
fact, we now realize that transfer provides the only indubitable
evidence that learning actually has taken place.

¥

IMPLICATIONS FOR EXPERIMENTATION

Relation of learning theory to experimental design. The prin-
ciples of learning discussed above should activate an entirely new
experimental program in the psychology of arithmetic. They
should also prompt a critical scrutiny of previous invesiuigations.
Such an examination would reveal, first of all, that experimental
vesults are functions of the theory of learning which dictated the
instructional procedures and the learning activities of pupils.
Rescarch on the difficulty of the number facts illustiates this
relationshiip excellently, In the Knight-Behrens study, for ex-
ample, pupils supnosedly learned the number facts by sheer
repetition.® Furthermorve, the facts were presented in mixed

@, 1. Thicle, The Contribution of Generalization to the Learning of the
dddition Facts. Contvibutions to Education, ~No. 763. Bureau of Publications,
T'eachers College, Columbia University, New York, 1938,

@, B, Knight and M. S. Behrens, The Learning of the 100 Addition Combi.
nations an-l the 100 Subtraction Combinations, Lougmans, Green and Company,
New York, 1928,
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order, and only one arangement was used, Both recent theory
and recent research have indicated that the relative difficulty of
number relationships is influenced, first, by the order in which
they are presented; second, by the way in which they are grouped
for instruction; and third, by the method by which pupils learn
them, Eacly difliculty and error studies vanked the zero facts
rather high in difficulty, Meaningful methods of learning have
demonstrated that they are not especially difficult, and that with
the aid of proper generalization, they can be learned as a group
without extended drill on the individual items.

A very vecent investigation on the comparative difficulty of
number facts made repetition the maid-of-all-work in learning.*
The children leavned the combinations by playing the game of
Add-0, in which, according to the author, “the correct combina-
tions and answers are always before the children, minimizing the
possibilities of establishing incorrect vesponses. Accuracy is
checked and speed is regulated in an effort to control undesivable
habits of computation.” In the light of his findings, the author
advised that "the teacher should not assume that the zero com-
binations will be learned by inference; they should be taught as
any of the other 100 combinations.” Of course, the method of
instruction did nothing whatever to facilitate inferential and
generalized behavior, and probably since Add-0 regulated speed
“in an effort to control undesirable habits of computation,” the
teaching actually frustrated the pupils' own attempts at intelligent
apprehension.

How orthodox connectionist principles thoroughly dominated
this investigator's thinking and procedure and influenced his
results is revealed by his final words of advice to teachers:

As the size of the addend secms to be the general factor in causing
differences in the difficulty ranking. we wonder if the (hildren are
not computing the st.us by physical or mental counting, a crutch
which is probably developed in the child while building the number
concepts. Psychologically, the child should be able to learn 5 -4 4 = 9
as easily as 2 4+ 3 = 5, but this is not the case according 6 the in-
vestigations of combination difficulties. It might be more economiral

first to teach the child to memorize the combinations, and later de-
velop the number concepts, (Lialics are the present writer's.)

1. R. Wheeler. A Camparative Studv of the Difficu'ty of the 100 Addition
Combinations.” Journal of Genetic Psvehology, 54 : 205-312. June 1939.
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Results of investigations of the level of mental maturity neces-
sary for the economical learning of arithmetical processes (such
as the widely discussed findings of the Committee of Seven) are
probably also functionally related to the method by which the
subjects learned these processes. It is conceivable that new studies
in which meaningful teaching and learning activities were em-
phasized would yield substantially different findings.®

Need for new types of research. As Brownell has suggested,
we need a whole new series of studies to explore the problem
of how pupils actually learn. Much of our instructional research,
while useful, fails to get at that fundamental problem. Statistical
differences between end tests, accompanied by descriptions of
intervening overt responses of teachers and pupils, do not reveal
the critical aspects of the learners' behavior. Brownell's studies
have produced ample evidence that what passes for repetition
of the same thing disguises an underlying process which is the
real cue to the nature and maturity of the pupils’ learning.

We also need a new type of error study which is not content
with the tabulation of incorrect responses, but which attempts to
relate the nature of error to the way in which pupils have learncd
and to the fashion in which they might learn most economically.

Finally, we must recognize that skill in computation is not the
only or even the most important outcome of learning in arith-
metic, but that growth in the ability to think quantitatively is a
primary objective. Accepting this point of view means devising
new instructional activities and also Jdeveloping new methods of
measurement or appraisal.

SUMMARY

Those who are conducting research in arithmetic should realize
how vigorously wany psychologists are disputing the vilidity of
the principal connectionist maxims. The issues are clear-cut. The
newer point of view emphasizes relatedness rather than itemiza-
tion. It stresses generalization instead of extreme specificity. It
conceives of learning as a nieaningful, not a mechnical process. It

MW A Brownell, "Readiness and the Arithmetic Curriculum,” Elementary
School Journal, 38 : 344-354, Junuary, 1938,
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considers understanding more important than mere repetition or
drill. It lnoks upon learning as a developmental process, not ane
of fixation of stercotyped reactions. It encourages discovery and
problem solving vather than rote learning and parrot-like repe-
tition, Tt is within the matrix of these issues that the new research
in arithmetic should he conducted.




Chapter X1l

QUESTIONS FOR THE TEACHER
OF ARITHMETIC

BY F. LYNWOOD WREN?!
GEORGE PEAHODY COLLEGE FOR TEACHERS

Tms chapter contains questions which, the writer hopes,
teachers of arithmcetic will ask themselves. It is not the
purpose of this proposed self-questioning to yield a rating or an
appraisal of one's fitness for teaching arithmetic. As a matter of
fact, many excellent teachers of arithmetic may score relatively
low on these questions, and many puor teachers may score high,
since no evidence is available that any of the items of knowledge
are functionally related to success in the classroom.

These cuestions are designed then, not for self-evaluation.
Rather, they are intended as “shockers,” Teachers, even good
teachers, can become complacent about their professional equip-
ment. Some teachers may find in their inability to answer the
qquestions a stimulus and a guide for the reading and study which
they may have neglected.

There is another kind of reader who can profit from the self-
examination provided in this chapter. This is the person who
is in charge of courses on the teaching of arithmetic, Such a
person might well check the content of his course against these
questions, not with the idea of including in his course all or even
most of the items in this list, but with the idea, as in the case
of the teachers just mentioned, of stimulating himself to think
through again the purposes and the content of his course,

Two important limitations should be recognized with respect
to this list of questions. The first is that these questions represent
an analysis of the coraplicated total act that we know as teaching.
No one, least of all the writer, likes to think that any list of

1 With the collaboration of J. T. Johnson and B. A, Sueltz.
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specific items of knowledge or of specific teacher activities can be
regarded as equivalent to the complete act of teaching. In a real
sense the break-down of teaching into specifics destroys the thing
which is analyzed. Yet, on the other hand, values can accrue from
lists of specifics. The danger in dealing with them lies in tailure
to recognize that they are specifics. Once one recognizes this fact,
one can deal with them without fear of distorted emphatis.

The second limitation is one of scope. The questions relate
only to the teacher's academic and professional knowledge of
arithmetic. All those important human elements, such as the
teacher-pupil relationship, emotion, attitudes and appzeciations,
and personality growth, while present in all school wecik, have
not been included in this sevies of questions. Good teachers not
only recognize their import but are alert to situations which may
build desirable personality and emotional traits as well as to those
situations that have a derogatory effect.

ACADEMIC BACRGROUND

History of arithmetic. Historical perspective enriches the con-
templation of current conditions and the possibilities of future
development. A study of the evolution of arithmetic as a field of
knowledge and as an integral part of the modern school curricu-
lum should prepare the teacher for more intelligent interpreta-
tion of the present arithmetical program and for more critical
appraisal of any suggestions for future revision of this program.

(I) Am I acquainted with the language and limitations of
some of the more significant primitive methods of counting?

(2) Am I acquainted with the relation between the evolu-
tion of number systems and the evolution of race culture?

(3) Do I know how the concept of number became abstract
through being separated from counted objects?

(4) Do I know the distinguishing characteristics of the Egyp-
tian, Babylonian, Roman, and Greek number systems?

(5) Do I fully appreciate the advantages of our number systein
over each system listed in (4) above?

(6) Do I understand why our numbers are most properly called
Hindu-Arabic numerals?
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(7) Do I have a clear understanding of why calculation could
not show much progress with the early number systems?

(8) Am I familiar with the difterences that exist today in the
numeration of large numbersy For example, what is the distinc-
tion in meaning ol one billion in England and in the United
States?

(9) Am I acquainted with the evolution of the modern methods
of the processes of addition, subtraction, multiplication, and
division?

(10) Do I appreciate the significance of the printing press in
the stabilization of number symbols?

(11) Do I know the origin of fractional numbers and the dif-
ferent types of situations they describe?

(12) Am I acquainted with the evolution of modern fractions
and the dificulties intrinsic in different ancient symbolisms?

(18) Am I familiar with the evolution of the modern notation
for decimal fractions?

(14) Do I know the historical relation of denominate numbers
and fractions?

(15) Am I familiar with the history of our calendar as a meas-
ure of time?

(16) Do I know the names, contributions, and approximate
periods of at least ten contributors to arithmetic lore?

(17) Do I know something of the origin and development of
the English system of weights and measures?

(18) Do I know something of the origin and development of
the metvic system of weights and measures?

(19) Do I know something of the history and development of
calculating machines from the abacus to the slide rule and mod-
ern calculating machines?

Rationale of arithmetic. One of the most important of all
instructional responsibilities is that of making the learning process
meaningful to the pupil. The why of any process or technique is -
most frequently of just as great significance as the how. Every
teacher of arithmetic should thoroughly understand the rationale
of at least thav arithmetical content with which he must deal in
his teaching.
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(1) Have I an appreciation of number as a symbolic language?

(2) Do I have an appreciation of the significance and limita-
tions of counting?

(3) Do I know the distinction between cardinal and ordinal
numbers and the function of each in our scheme of numeration?

(4) Have 1 a clear understanding of the implications of such
classifications of number as prime, even, odd, real, complex, etc.?

(5) Do I understand the use of zero as a nuinber symbol, as in
6—-6=0,3x0=0?

(6) Do I have an appreciation of zero as a symbol to indicate
the empty column, as in 5067

(7) Do I understand the full significance of the use of zero as
a point on a number scale; for example, as the zero point of a
thermometer or as the zero line (base line) of a bar graph?

(8) Do I fully appreciate the imiportance of place value?

(9) Do I know the significant characteristics of a decimal sys-
tem of nume ition?

(10) Do I fully appreciate the advantages and disadvantages of
a decimal system of numeration?

(11) Do I appreciate the significaice of the statement: “That
mankind adopted the decimal system was a physiological acci-
dent?" 2

(12) Do I fully understand the technique of the numeration
of large numbers?

(13) Do I understand the principles of scientific notation used
in the writing of very large numbers or very small numbers?

(14) Do I know the distinguishing characteristics of other sys-
tems of numeration (duodecimal, vigesimal, sexagesimal, etc.)?

(15) Do I appreciate the compactness and simplicity nf numeri-
cal calculation made possible through the use of the fundamental
processes?

(16) Do I have a clear understanding of the fundamental prin.
ciples which govern carrying, borrowing, and the placement of
tigures in quotients and partial products?

(I7) Do I appreciate the full significance of the etymological
meaning of "fraction”?

2 Tobias Dantig. Number, The Language of Science, p. 15. ‘The Macmillan
Companv, New York, 1933,
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(18) Do I know the mod~*n uses and limitations of common
fractions in both descriptive and computational situations?

(19) Do I have an understanding of decimal fractions as an
extension of the decimal system of numeration?

(20) Do I know the comparative superiority and inferiority of
common fractions versus decimal fractions in both descriptive
and computational situations?

(21) Do I know the relations that exist between the funda-
mental principles and processes of percentage and those ol com-
mon and decimal fractions?

(22) Do I have an intelligent understanding of the nature and
significance of denominate numbers?

(23) Do I know the distinction between arithmetic, numer-
ology, and the theory of numbers?

Social importance of aiithmetic. One of the major responsi-
bilities of arithmetical instruction is the use of number concepts
and arithmetical techniques in social situations so that the pupil
may have the opportunity to appreciate the contribution arith-
metic may make to enriched environmental experience.

(1) Do I know any of the evidences that the evolution of num-
ber and the accompanying methods of calculation are related to
commercial and social progress?

(2) Am I familiar with any of the social demands which pro-
duced integers, fractions, negative numbers, etc.?

(3) Am I familiar with any vestiges of number systems, other
than the decimal system, in social use today?

(4) Do I understand the social significance of each of the funda-
mental arithmetical processes?

(6) Do I appreciate the social signiicance of common and
decimal fractions?

(6) Do I appreciate the social signi”cance of percentage?

(7) Do I know the evolution and .ucial backgrounds of com-
puting simple and compound interest?

(8) Do I have the ability to analyze life situations such as bank-
ing, farming, sewing, cooking, keeping house, playing games,
investments. insurance, etc., for their arithmetical content, and to
adapt this content to the grade level at which I teach?
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(9) Do I have a satisfactory understanding of the monetary
system of the United States?

(10) Am I familiar with the monetary systems of some of the
more important foreign countries?

(11) Do I understand the full significance of “standard time”
and its applications?

(12) Do I have the ability to sense my own individual needs,
direct and indirect, for arithmetic; as in the construction of a
personal or business budget, in problems of wise buying, etc.?

(18) Do I have an appreciation of the social importance of the
graph as a means for the presentation of numerical information?

(14) Do I have the ability to make applications of arithmetic
to other school subjects, such as science, history, geography, health
work, etc.?

(15) Do I appreciate the significance of number as an aid to
scientific investigation and experimental procedure?

(16) Have I during the past year grown increasingly sensitive
to the usefulness of number and to the quantitative element in
my own life?

Command of the subject matter of arithmetic. A sine qua non
of all effective instruction is a thorough knowledge of the subject
matter to be taught. For the teacher of arithmetic this implies
a familiarity with arithmetical concepts and a proficiency in
arithmetical processes which will guarantee a range of arith-
metical ability extending above the level at which the teacher
is to teach. The teacher should have adequate comprehension of
techniques in order that rationalization and generalization of
processes will be both natural and intelligible. His informational
background should be such as to ensure self-confidence and to
supplement well-planned units of instruction with that spon-
taneity of instruction which is both enlightening and challenging.

(1) Am I able to think in number symbolism?

(2) Am I fully aware of the one-to-one correspondence between
objects and positive integers which gives rise to counting?

(3) Am I conscious of the distinction that exists between the
process of counting and the actual notation used to record the
results of counting?
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(4) Am I proficient in the use of the fundamental arithmetical
processes?

(5) Have I a command of arithmetical concepts and processes
beyond the demands of my immediate grade?

(6) Do I know how to use Roman numerals?

(7) Do I appreciate the efliciency of modern fractional nota-
tion?

(8) Do I have a significant understanding of the use of the
fundamental processes with common fractions?

(9) Do I have a satisfactory proficiency in working with com-
mon fractions?

(10) Am I able to use dccimal fractions with ease and intelli-
gence?

(I11) Am I able to use decimal fractions as an aid in indicating
precision of measurement?

(12) Do I understand the basic vocabulary, principles, and
skills of percentage?

(13) Am I able to compute with denominate numbers?

(I14) Do I have a satisfactory understanding of the more im-
portant tables of weights and measures?

(15) Do I have an appreciation of the relative merits, advan-
tages, and disadvantages of the English and metric systems of
weights and measures?

(16) Do I understand the fundamental principles of direct
measurement?

(17) Do I understand the fundamental formulas for measure-
ment of distance, area, volume, and capacity from the points of
view of derivation and use?

(18) Do I know the fundamentals of scale drawing?

(19) Do I understand the fundamental principles of indirect
measurement?

(20) Do I know the fundamentals of ratio and proportion?

(21) Do I know the significant differences between similarity,
congruency, and equality of geometric figures?

(22) Do I understand the approximate nature of measurement
and the types of errors that are involved?

(23) Do I have an understanding of precision and accuracy of
measurement?
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(24) Do I understand the use of rounded numbers and how to
compute with them?

(25) Do I know how to organize data into a frequency distribu-
tion?

(26) Do I have a knowledge of the meaning of the more im-
portant statistical terms and how to use them?

(27) Do I know the distinguishing characteristics of the broken
line, bar, and circle graphs?

(28) Do I know the fundamental principles that need to be ob-
served and the precautions that should be taken in the construc-
tion of these graphs?

(29) Do I know how to interpret each type of graph intelli-
gently?

(30) Am I familiar with the advantages, the disadvantages, and
the dangers of misinterpretation of the picture graph?

(31) Do I have sufficient mathematical background to enable
me to recognize readily and develop intelligently the mathemati-
cal situations that arise extemporaneously in my classroom?

(32) Do I have the informational backiround necessary to be
able to provide opportunities for individual pupils to explore
special mathematical interests, and to guide them intelligently in
this exploration?

(33) Do I have the ability to recognize relationships that exist
in problem situations?

(34) Do I have a clear understanding of the relationships that
exist between the fundamental processes?

PROFESSIONAIL PREPARATION

Methods of teaching. Teaching arithmetic is a task which will
challenge the best efforts of teachers. The efficient teacher must
have a thorough knowledge of the subject matter of arithmetic,
and skill in the techniques of teaching and in guiding the learn-
ing of pupils.

(1) Am I able to recognize and to capitalize upon the many
social and economic arithmetical experiences that children have
in the home, school, and community?
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(2) Am I able to inspire interested students to pursue the study
of arithmetic and mathematics to the greatest extent of their
ability?

(8) Do I have the inclination and ability to attempt to encour-
age students to have an interest in the study of arithmetic and
mathematics?

(4) Do I have a clear understanding of the reciprocal relation-
ships between arithmetical situations and the fundamental
processes of arithmetic?

() Do I have a clear-cut idea concerning when, why, and
how to rationalize significant arithmetical processes?

(6) Do I have a clear understanding of the functions of
practice in teaching arithmetic?

(7) Do I have a sound philosophy concerning the use of
“crutches” in learning arithmetic?

(8) Do I know how to encourage original applications of
arithmetical processes?

(9) Do I know how to use pupil reports to the best advantage
in the teaching of arithmnetic?

(10) Do I know how the uses of number and arithmetic may
be dramatized?

(11) Do I know the sources of illustrative materials which
can be used effectively for motivation purposes?

(12) Do I know how to use a course of study intelligently?

(13) Do I know how to organize large units of instruction?

(14) Do I know how to anticipate and plan the details of
learning inherent in large units of instruction?

(15) Do I have sufficient understanding of arithmetic and
its implications to be able to lead my pupils to make signifi-
cant integrations in their thinking?

(16) Do I know how and when to use concrete illustrations
as an aid to effective learning?

(17) Do I have an appreciation of the value of objectives to
efficient instruction?

(18) Do I know how te make pupils conscious of definite ob-
jectives of instruction? .

(19) Do I know how to help pupils to distinguish between
essential and nonessential data in a problem situation?



Arithmetic in General Education 299

(20) Do I know how to teach punils to estimate and check
answers to problems?

(21) Do I have an appreciation oi the value of the story
element in the presentation of problem material?

Individual differences. Any instruction that is to be effective
must reach the individual pupil. Individuals differ in their in-
terests, abilities, and aptitudes. These differences demand an
adaptation of instruction designed to discover and provide for
individual pupil difficulties. During recent years this adapta-
tion of instruction to individual differences of pupils has been
recognized as among the most important of all educational
problems.

(1) Do I recognize that pupils differ in rate of learning, in
kind and type of learning, in degree of learning, and in in-
terests and aptitudes?

(2) Do I know how to encourage individual initiative on the
part of pupils in the study of arithmetic?

(3) Do I know how to develop a feeling of individual respon-
sibility through the use of arithmetic materials?

(4) Do I know how to use the more important recommenda-
tions for taking care of individual differences in arithmetic?

(5) Do I know how to locate the specific needs of individual
pupils?

(6) Do I know how to lead pupils to develop techniques of
self-diagnosis and remedial procedures?

(7) Do I know how to use the best recommended practices
for diagnostic and remedial teaching?

(8) Do I know how to eliminate faulty habits and correct
inefficient methods of study?

(9) Do I know the recognized areas of special arithmetical
difficulty at the grade level on which I teach?

Arithmetic as a school subject. Through the years arithmetic
has occupied an important place in the curriculum. In the present
era of curriculum change, arithmetic, as an integral part of the
school program, has been able to stand successfully against severe
critical challenge only through reorganization and new adapta-




300 Sixteenth Yearbook

tions of its content and revision of many instructional procedures.
Such modifications, however, have served to give increased empha-
sis to the significance of arithmetic as a school subject to the extent
that it has lost but little of its previous prestige and has prom-
ise of the gain of much future prominence.

(1) Do I have a personal interest in arithmetic in a well-
integrated educational program?

(2) Do I have an intelligent understanding and appreciation
of the nature and importance of quantitative thinking?

(3) Do I have sufficient informational background to enable
me to recognize algebra as a generalization of arithmetic?

(4) Do I have sufficient informational background to enable
me to recognize the relationships existing between arithmetic
and geometry?

(5) Do I understand how to assist pupils to make the gen-
eralizations from arithmetical concepts and techniques to those of
algebra and geometry? '

(6) Do I have an appreciation of number as an aid to precise
and accurate thinking?

(7) Do I have an appreciation of the informational func-
tion- of arithmetic?

() Do I have an appreciation of the distinction between
functional arithmetic and merc computational arithmetic?

Measuring che results of instruction. Efficient evaluation of
student progress no longer consists merely in measuring achieve-
ment. There must be a continual program for the appraisal of
the progress of each individual pupil toward pre-established
objectives of instruction. Such a program demands that the effi-
cient teacher be well informed in the techniques, advantages.
and disadvantages of various forms of evaluation; the funda-
mentals of test construction; and the methods of recovding and
interpreting the results obtained from any technique that may
be used to secure a check on pupil progress.

(1) Do I know the fundamental principles of evaluation?
(2) Do I know how to interpret and usc intelligently tests of
scholastic aptitude and achievement:
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(3) Do I have a familiarity with the advantages and disad-
vantages of the different types of testing?

(1) Am I able to evaluate the strengths and weaknesses of
standardized tests in arithmetic?

(5) Do I know the distinguishing characteristics of diagnostic,
prognostic, inventory, readiness, and achievement testing?

(6) Do I have an appreciation of the importance of diag-
nostic, prognostic, inventory, readiness, and achievement test-
ing in an effective instructional program?

(7) Do I know how to use measures of central tendency and
of dispersion in analyzing pupil and class progress?

(8) Do I know how to keep accurate records of pupil progress?

(9) Do I know how to use charts and graphs to the bhest ad-
vantage in keeping class and pupil records?

(10) Do I know effective methods of informnal evaluation?

Literature on the teaching of arithmetic. In recent years much
has been written concerning the improvement of instruction
in arithmetic. The teacher of arithmetic should keep conversant
with that material which is relevant to his teaching situation. He
should know where to find this material and how to evaluate it.
He should keep in mind that not all that is published is worthy
of serious consideration, but that it is his responsibility to seck
that which is of greatest value.

(1) Do I know how and where to find information concerning
mstructional aids in the teaching of arithmetic?

(2) Am I familiar with recent studies and recommendations
with respect to the curriculum content of arithmetic?

(8) Am 1 familiar with recent studies and recommendations
with respzct to the grade placement of arithmetic topics?

() Am I familiar with the more important current theories
of arithmetical instruction?

(5) Do I know where to find digests of experimentation in the
teaching of arithmetic?

(6) Am I familiar with the most recent texts, workbooks,
tests, and courses of stucly in arithmetic?

(7) Am I familiar with the most recent books on the teaching
of arithmetic?
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(8) Do I know the implications of the most significant experi-
ments in the teaching of arithmetic?

(9) Do I know where to find reports on important studies deal-
ing with the teaching of arithmetic?

(10) Do I have access to any of the more important journals
that carry discussions of instructional problems in arithmetic?

(11) Am I familiar with the more important movements in
elementary education and their significant implications to the
better teaching of arithmetic?

Modern psychology of arithmetic. No single formula can be
given for the guarantee of efficient instruction in arithmetic.
Modern psychology emphasizes the importance of understanding
and motivation in learning. Instruction must be meaningful and
subject matter must be made interesting. This implies that care-
ful attention must be given to individual interests, abilities, and
aptitudes. Furthermore, skills and concepts once developed must
be maintained. For widest possible use, the material of instruc-
tion must be framed, wherever possible, in the context of the
experience of the pupils. There must be careful planning for
developmental teaching, maintenance of learning, and expansion
of usage.

(1) Do I have a clear understanding of the relationships be-
tween concepts, skills, and facts?

(2) Do I know how to judge progress in learning arithmetic?

(3) Do I appreciate the importance of proper grade placement
of instructional material?

(4) Do I know how to combine intelligently those learning
activities described in the text and those growing out of life
experiences?

(5) Do I know how to analyze a class situation to detect the
most effective techniques for providing learning experiences?

(6) Do I know how to relate new material to familiar experi-
ences of children?

(7) Do I know how to assist children in relating instructional
material to its most pertinent applications?

(8) Do I have a justifiable point of view on the relative value
of speed versus accuracy in arithmetical computation?
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(9) Do I have the ability to distinguish between the weak points
and strong points of recommendations for the improvement of
arithmetical instruction?

(10) Do I know the importance of significance, meaning, and
insight to intelligent instruction in arithmetic?

(11) Do I know the meaning and implications of arithmetic
readiness?

(12) Do I know the most important implications of the theory
of transfer of training to the arithmetic curriculumn?

(13) Do I knicor the more important implications of the modern
theory of trans! . of training to instruction in arithmetic?

(14) Do I know the significance of practice as a factor in learn-
ing?

(15) Do I appreciate the importance of interest as a factor in
learning?

(16) Do I understand the function of review as an aid to effec-
tive learning?

(17) Do I know the distinguishing features and the important
values of oral and written exercises as an aid to effective learn-
ing?

It is believed that answers to the above questions will aid the
conscientious teacher of arithmetic in acquiring a broad perspec-
tive of arithmetic in irs relation to the educational program of the
individual and the instructional techniques of the classroom.
Such a perspective should give that teacher a more significant ap-
preciation of the importance of arithmetic as a school subject and
aid him as he earnestly strives to meet the challenges of the varied
responsibilities of his profession.




Chapter X1II

THE INTERPRETATION OF RESEARCH

BY WILLIAM A. BROWNELL
and
FOSTER E. GROSSNICKLE

NOT all research relating to arithmetic is trustworthy. Sowmne-

times factors which influence learning have not been identi-
fied and as a consequence have not been controlled. Sometimes
the experimental problem has been viewed too narrowly; vital
relationships have not been recognized; and the significance of the
findings is correspondingly restricted. Sometimes important
phases of growth and learning have not been included in the
eva'.nation, and the superiority shown for this or that teaching
prucedure, for example, is much less real than it appears to be.
Son.ctimes technical errors in the prosecution of the study (too
few subjects, too short a period of instruction, unsuited learning
materials, and the like), and sometimes inadequa-e or invalid
forms of statistical analysis rcnder questionable the conclusions
which are drawn. And sometimes bias on the part of the investi-
gator unintentionally determines crucial aspects of the research
technique and colors the interpretation of the results which are
obtained.

These limitations of rescatcil and other limitations which might
be mentioned are not new, nor are they confined to research in
the field of arithmetic. Thev are referred to here because they
need to be kept continually in mind as one reads the large and
agrowing research literature. With regard to all research two
extreme and equally objectionable attitudes are sometimes en-
countered. On the one hand is the attitude of those individuals
who tend to magnify the limitations which attach to much arith-
metic research and accordingly to reject the whole of it as incon-
clusive or even misleading. For such persons this chapter can

304
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obviously serve no uscful end; what they need is not warnings
but constiuctive evidence of the values of research, and there
i no space for the presentation of this evidence,

This chapter is, vather, intended to combat the second attitude
alluded to just above, namely, the attitude of extreme readiness
to accept anything which is published as a report of research. The
number of such uncritical readers of research is by no nicans
small, and the number of ervors which, in their cagerness to
“apply” research findings, they can introduce into schoolroom
practice is certainly not negligible, The writers of this chapter
would not lessen anyone's conviction that research must provide
us the final answers to the many questions relating to the teach-
ing of arithmetic. (They would not do so, for they themselves
share this conviction.) On the other hand, such faith in the ulti-
mate contribution of reasearch must not blind us to the imper-
tections of research which is not competently done and not
wisely interpreted.

Were it practicable and desirable to do so, this chapter would
contain a brief list of criteria for evaluating research, Attempts
have been made to formulate such criteria, and various lists are
available in print. To be manageable, such a list must be short,
consisting in perhaps five or six criteria but certainly no more
than ten. A list that is too long and detailed defeats jts own
purpose  “The application of each criterion in a long list consti-
tutes no mean research investigation in itself, and may well carry
the critic far aficld from the study at hand. The situation in this
case coes not differ materially from that of the high school or
college student who tries to study by “applying” some list of thirty
or {orty principles on “how to study,” and becomes so busy in
the “applying™ that he never gets around to studying. On the
other hand, it the number of criteria is held 1o a few, the criteria
become either trite and obvious or involved and obscure. In
cither case the problem of identifying each particular criterion
with all the relevant phases of the research is no easy one.

Rather than undertaking to list criteria, whether few or many,
the writers have chosen to illustrate in two ways the need for
care in reading rese~rch. The section which immediately follows
shows how the peculiar point of view one entertains with respect
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to arithmetic affects both the prosecution and the interpretation
of research. The last section of the chapter is, as it were, a “case
study” of the rescarch on division. It is designed to show how
research findings and recommendations are conditioned by the
technical aspects of experimentation.

POINT OF VIEW AND ITS RELATION TO RESEARCH

It is possible to hold one of several views with regard to arith-
metic. One may argue that the purpose of arithmetic is to develop
eficiency in computation or to develop expertness in quantitative
thinking. One may view arithmetic as a drill subject or as a
logical system which must be understood. One may regard arith-
metic as a form of pure mathematics or as a practical means
of improving our adjustinent to a quantitative culture. Or, one
may reject these dichotomnies and, refusing to think in terms of
“either” and “or," one may arrive at some eclectic position, such
as that sponsored by this Yearbook Comumittee.

Effect produced by conception of arithmetic. Now the concep-
tion which one entertains with respect to the function of ele-
mentary arithmetic influences research at many points. In the
first place, it predisposcs one to attack some problems and to dis-
regard others. In the second place, it largely predetermines the
technical procedure which one organizes and more especially the
kinds of measures employed. In the third place, it may prejudice
the investigator in the interpretation he places upon his data and
the reader in the significance which he attaches to the research
report he is analyzing. ‘T'hese three statements will be clarified
by the examples offered below.

It is safe to say that the dominant conception up to some
fifteen or twenty ycars ago was that of arithmetic as a drill sub-
ject, and this conception is reflected in the problems then under-
taken for rescarch study. Fully three-fourths of research studies
prior to 1920 or 1925 dealt with computation. Such studies as
dealt with “problem solving™ virtually reduced this process to an
extension or an “application” of computational skill. Little if any
research was concerned with the learning process as such or with
securing evidence that children did or did not see sense and value
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in what they acquired. And the research measures collected in
these studies were restricted to those of efficiency, which is to say,
measures of rate and accuracy ot work.

Consider, for example, the research on drill as a method of
teaching (or on repetition as a method of learning). Three-minute
periods were compared with longer and shorter periods, and the
crucial data were based not on measures of understanding by the
child, but on speed and correctness of answer. Or, consider the
research on methods of teaching subtraction, whether by equal
additions or by decomposition. Here again the data were based
upon the comparative merits of the two methods, in increasing
the number of correct answers and the quickness with which
they were obtained.! Such questions as the following were seldom
asked, and if they were asked no answers could be determined
from the collected data: Which method appears to be more
sensiblc to children, that is, which method is more readily under-
stood? Which method develops more completely the meaning
of subtraction as a process? Which method has the greater pos-
sibilities for fruitful transfer to later learning, as in complicated
subtraction and problem solving of a functional sortr:

The criticism here is not that measures of rate and accuracy
are valueless, nor yet that drill is unnecessary. The point to be
observed is that a particular conception of arithmetic dictated the
selection of the research problem and the kinds of measure ob-
tained. And, in the opinion of this Committee, this conception
of arithmetic is inadequate: It omits any consideration either of
greater comprehension of what is learned or of enhanced appre-
ciation of its rvorth. Accordingly, this early work on drill and
on methods of subtraction is variously to be assessed. It is im-
portant according to the weight attached to computational efti-
ciency as an arithimetical outcome.

The preceding puges have presented one aspect of the relation-

1O course other measies were somctimes secuted, such as the persistence of
the method taught, and the preferences of teachers for one or the other of the
methods; but the fact remains that the crucial measies were usually regarded as
those of rute and accuvacy of pupils’ woik.

2'I'hese questions, asked in the midst of a controversy by Knight, et al,, have
never been made the subject of directly retated research. Sce: F. B. Knight, G. M.

Ruch, and 0. 8. Lutes, "How Shall Subtraction Be Taught?” Journal of Educa-
tional Research, 11 157-168, March, 1925.
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ship which obtains between point of view with respect to arith-
metic on the one hand and arithmetic research on the other,
namely, that one's conception of arithmetic as a school subject
tends to predetermine the problems one will investigate and the
measures one will obtain. A second aspect of this relationship is
found in the area of learning.

Effect produced by conception of learning. The arithmetic
research of twenty and even fifteen years ago reveals very little
attention to learning, apart, as has been mentioned, from meas-
ures of rate and accuracy of work. The principal task of research
was to “identiiy the bon Is which are to be formed,” and the task
of teaching, to see that these bonds were established. Following
this lead, research gave us elaborate analyses of facts to be ac-
quired, unit skills and steps to be mastered, types of problems
to be solved, and specific cues to be learned. Rese:rch did not
tell us how children gain control over the multitudinous elements
resulting from these analyses, for research was not concerned with
these matters. Learning was thought of as an exccedingly simple
process of making connections, or bonds, or associations. If one
learned, one showed thereby that one had formed the needed con-
nections, and vice versa. The tendency was to think of learning
as an all-or-none affair; it was as if children learned at once what
they were supposed to learn, apart from drill, or they did not
learn at all.

The research engaged in under this conception of learning
did not prove very helpful to teachers. Even the many error
studies fell short: they pointed out the places where children
encountered difficulty and something of the form of the difficulty,
but they did not show teachers (or pupils) why the errors were
made. Nor indeed could they do so, so long as learning was con-
ceived in such simple, uncomplicated terms, so long as it was
measured as it was measured, and so long as important individual
variations in learning were hidden in the statistical averages of
group trends.

However, the reports of this comparatively old research survive
in the literature and they must be interpreted in the light of some
conception of learning. If nne accepts the conception of learning
which prevailed a quarter of a century ago, his evaluation of the
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early “learning” studies will be of one sort; if, however, he accepts
the conception which now seems to be more adequate and fruit-
ful, his evaluation will be something quite different.®

In this connection certain guides to thinking may be suggestive.
As one reads reports of learning studies in arithmetic, one may
well keep in mind such questions as the following, questions
which, incidentally, relate not to the technicalities but to the
“common sense” of research: (I) What is the writer's point of
view with respect to arithmetic? Does it agree with modern con-
ceptions of the purposes of the subject? (2) What program of in-
struction and of learning activities was adopted? Was it con-
ducive to or subversive of sound, intelligent, and economical
learning? (3) Were the measures which were used for evaluation
relevant and adequate? {4) Do the conclusions follow from the
data, and are they in line with the best in thought and experi-
ence? The answers to these questions will generally be found to
be most illuminating.

Point of view and interpretation of research. There is space
for but two more examples of the way in which point of view
influences the interpretation of research. A few years ago a new
monograph reporting a research study in arithmetic was reviewed
by two different persons. The one person commented favorably
but not enthusiastically upon the study itself, which showed
quantitatively the superiority of a certain instructional device
over instruction without the device. When, however, he came
to the last chapter, in which the investigator discussed the impli-

cations of his study for arithmetic teaching and learning in gen-

3The very cautions and warnings which are the subjects of this chapter need
themselves to be taken with some reservations. For example, the criticisms of
the research of a quartcr-century ago, particularly of the drill and error studies,
<should not be wmterpreted as implying that this research was valueless and served
no end. Such is not the case, even though these investigations contribute little to
our thinking about arithmetic in the 1940’s. Certainly thev made important con-
tributions historically both to the evolution of our view of arithmetic today and
to the procedures which we employ with new confidence. The following quotation
from a letter from Professor Brueckner brings out this point very well indeed:
“The cumulative and developmental nature of research should be recognized.
The error studies vevealed a condition that shocked many of us. They led to
studies of methad, reliability, diagnosis, methods of learning, etc. The fact that
these early studies did lead to this important series of developments which are
even now being extended needs to be emphasized. Studies now being made of
learning are developing new technics in this field which vield prohlems that will
instigate new studies. Research is a continuing process.”
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eral, this reviewer became more enthusiastic. The other re-
viewer bestowed his approval in quite a different manner. To
him the contribution was the evidence of the value of the par-
ticular device, and the last chapter “should never have been writ-
ten.” The same dissimilarity of evaluation characterized the re-
ception accorded an earlier study, in which the drill provisions in
several arithmetic textbook series were compared. The sponsor
of this study referred to it as a “brilliant picce of scholarly re-
search”; another student of arithmetic described the study as a
“laborious effort to no end, a monument to futility.”

In both instances the differing evaluations sprang from unlike
conceptions of the function of arithmetic in the elementary
school, and the two evaluations are equally valid, once one grants
validity to each basic conception. The appraised worth of the
two studies, as of research in general, is not exclusively deter-
mined by purely intrinsic features of merit or of weakness, but
by the point of view with which the reader approaches his
evaluation.

Enough has been said, it is hoped, to justify the statement
that conceptions of arithmetic and of the learning process have
important bearings upon the research that is done and upon the
interpretation that is given research findings. The implications
of this statement are not confined to the producer of research,
though it is chiefly these implications which may seem to have
been stressed; its implications are no less vital and far-reaching
for the consumer of research. As he reads research reports, the
latter needs always to note the conceptions which have controlled
the investigator; and he needs also to have a clear formulation
of his own conceptions. He must know what he himself thinks
about the function of arithmetic in the elementary school and
about the way children learn most soundly, and he must be
on the alert to see wherein the research in question confirms and
implements his conception and wherein it requires modifications
in his conception. A clear-cut view of the purposes of arithmetic
and yet a view which is amenable to change as change is called
for—such a view enables one to detect both the strengths and
weaknesses of research and to distinguish between what is sound
and what is erroneous and misleading.
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THE RESEARCH ON DIVISION

It was stated that in this chapter two illustrations of the need
for care in interpreting research were to be given. The first,
already discussed, has to do with the effect of point of view. The
second illustration relates to the research on a particular topic,
namely, division. This research is selected as exemplifying par-
ticularly well the contingent character of research findings, their
dependence upon the special technical aspects of investigation,
and their tentativeness because of untested hypotheses and un-
controlled factors. Not all the research within even this narrow
field can be canvassed. That, for example, on the errors made by
children, on the relative merits of different methods of teaching,
and on the comparative values of different procedures for estimat-
ing quotient figures must be omitted because of space limitations.
Attention here is confined to two questions: first, the form to
be used at the outset in teaching division and, second, the grade
placement of “long” division.

Research on the form used in division. “Form" refers to the
“long” (that is, division completely worked out) or the “short”
algorism in division when the divisor is a one-figure num-
ber. John* showed that the long form is superior to the short
form for accuracy but not for speed. The published report does
not state whether the numerical difference found between the
two experimental groups in each of these traits is statistically re-
liable. Regardless of this omission, the .esults are open to ques-
tion because only fourteen pairs of subjects took part in the ex-
periment. John further showed that after division with a two-
figure divisor has been taught, then division with a one-figure
divisor is learned in the long form with still greater accuracy
and speed than in the short form. If the groups used in the study
had been large enough, this last finding would have been ex-
tremely significant because, unlike other studies, this one in
volved a comparatively long range of time in the learning of
division. The relation between division with one- and two-figure

+ Lenore Johu, *“The Elfect of Using the Long-Division Form in Teaching Divi.
sion by One-Digit Numbers." Elementary School Journal, 30:675-692, May, 1930
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divisors deserves serious consideration, something which it has
not yet received elsewhere.

Olander and Sharp® reported an investigation which included
an adequate sampling of subjects (1,265 pupils) to warrant re-
liable measures. They concluded that, on the whole, the long
form is superior to the short form of division, but that the latter
is preferable (a) for easy examples and (b) for bright pupils.
These last conclusions may be challenged on the grounds, first,
that the length of the experiment (apparently it was of short
duration) is not reported and, second, that no criteria for ‘“easy”
as contrasted with “difficult” examples are offered. These in-
vestigators did, however, advance our understanding by calling
attention to possibly important factors (quality of pupil, ease or
difficulty of example) which theretofore had been neglected.

Grossnickle® showed that the results obtained by the long form
of division were signilicantly superior to those obtained by the
short form for diflicult examples. A total of 2,365 pupils in eight
different grades were used in this study. For easy examples (de-
fined as those in which there is no borrowing in subtraction and
the remainder is not in excess of 3), less time is needed to find
the answer by the short form, but greater accuracy always results
with the long form. (The difference in time was not statistically
reliable; that in accuracy was.) Since the elements of time avail-
able for work, of accuracy, and of degree of difficulty of the ex-
ample were all considered, and since an adequate number of
subjects were used, the findings of this investigation should
probably be accepted as valid and reliable.

John and Olander and Sharp (in the references cited) recom-
mended teaching the short form of division later and as a short-
cut procedure, but Grossnickle recommended that only the long
form should be taught. There is 1o experimental evidence to
justify either proposal. In each case the investigator injected his
own opinion as to the value of the shorter procedure. The true
worth of a short cut in division with a one-figure divisor repre-
sents an unexplored question in the teaching of arithmetic.

s Herbert T Olander and E. Preston Sharp, “Long Division Versus Short Divi-
don,” Jaurnal of Educational Rescarch, 26: 6-11, September, 1932,

6 Foster F. Grossnickle. “An Fxperiment with a One-Figure Divisor in thort

aud Long Division,” Elemeniary School Jaurnal, 34:496-506, 590-599, Mauch,
April, 1934,
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The relative merits of the two forms of division will be known
only when investigation reveals a rcal difference between groups
of pupils thoroughly taught division by the two forms. None
of the studies thus far reported, with the exception of that by
John, is a learning study, that is to say, in all but this one study
the experimental subjects had been taught to divide by a one-
figure number before the investigation as such was undertaken.
In the case of the one learning research (John) the period of study
for both the long-form aund the short-form groups lasted but a
week. Unless both groups had earlier received some instruction
in division, it is hardly possible that they could have carried their
learning to anything like the required degree of mastery. There is
great need for a comprchensive and long-range study, in which a
serious attempt will be made to determine, not ouly which form
yields greater efficiency, but also which form results in greater
insight. In the end, it is not at all unlikely one form may be
found superior for some pupils, and the other form superior for
other pupils.

Research on grade placement. T'he second area of division
rescarch to be considered here deals with the grade placement
of the topic. Not much scientific work has been done in this con-
nection. One of the first and most widely known investigations
was conducted by the Committee of Seven under the chairman.
ship of Washburne.” This Committee determined placement of
topics in terms («) of foundations tests, which supposedly con-
tained samples of all prerequisite skills and concepts, and (b) in
terms of Mental Age. A Mental Age of twelve vears seven months
or more was set as the minimum maturity level for the learning
of division with a two-figure divisor, at least of the more difficult
kinds. In other words, long division according to the Committec
of Seven belongs in the latter part of grade five or the first part of
grade six.

7 Carleton Washburne, “Mental Age and the Arithmetic Curriculum: A Sum-
mary of the Committee of Seven Grade Placement Investigations to Date'" Journal
of Educational Research, 23: 210231, March, 1931, Alwo. by the sume author:
“I'he Values, Limitations and Applications of the Findings of the Committee of
Seven,” Jourval ot Educational Research, 29:6941-707, Mav, 1936. “The Woak of
the Committee of Sevenr in Grade Plicement in Arithmetic,” Thirty-cighth Year

book of the National Saciety for the Study of Edueation, Part I, Chapter XVI,
1939. ‘This last reference contains the last ot this Committee’s several summaries.
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The findings of the Committee of Seven are open to question
and must be modified in the light of experimental evidence.
Brownell® showed points of weakness in the research of this Com-
mittee, and both Brownell® and Dickey® have emphasized the
point that readiness for the topics of arithmetic is not solely or
perhaps even largely dependent upon Mental Age as measured
by intelligence tests. This view has been confirmed by Gross-
nickle's study. In the first named investigation, pupils were sub-
jected to a program of instruction which was characterized by
unusually careful diagnosis and corrective practice, and under
these conditions pupils with a Mental Age about two years less
than the standard of the Committee of Seven learned to divide
by a two-digit divisor and attained a higher degree of accuracy
than that employed by the Committee.

Division is a complex process because it is a synthesis of many
factors. Hence, the placement of division as a whole in this or that
grade or at this or that age or at this or that maturity level

is impossible. The example, 9/2112, because of the difficulty in
estimation and in subtraction, is more difficult than the example,

21/672, in spite of the fact that in the former the divisor is a single

—

digit instead of a two-place number. The example, 16/912, is very

much more difficult than the example, 203/8729, because correc-
tions of estimation are needed in the first example but not in the
second example. These examples illustrate why it is impossible
to assign division to any point in the grades or to any maturity
level merely in terms of the number of figures in the divisor. If it
is stated that a Mental Age of about thirteen years is needed to
learn to divide with a two-figure divisor, this statement must be
qualified by specifications as to the kind of example referred to.

S Williaim A, Brawnell, “A Critique of the Committee of Seven's Investigations
on the CGrade Placement of  Arithinetic Topics,” Elementary School Journal,
381 195-508. March, 1938,

9 Willinm A, Brownell, “"Readiness and the Arithmetic Curriculum,” Elementary
School Journal. 38 : 311354, Janumy, 1938,

1 John W. Dickey, “Readiness for Arithmetic,” Elementary School Journal,
40: 592-598, April, 1910.

11 Foster E. Grossnickle, “An Experiment with Two Methods of Estimation of
the Quotient,” Elementary School Journal, 37 : 668-677, May, 1937: also "How the
Method of Scoring a T'est in Division Affects the Score,” Elementary School Journal,
10: 36G6-370, January, 1940.
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Consider in this connection the range in difliculty between the
following examples with two-digit divisors: 21/672 and 16,912,
Brueckner and Melbye'* have shown' that the degree of accom-
plishment in division is dependent upon the difficulty of finding
the true quotient figure, a point made more or less incidentally in
the preceding paragraph. If the estimated quotient figure is the
true oue, the accomplishment of a class in division is much
greater than when the cstimated figure has to be corrected, a find-
ing which led them to conclude that the grade placement of divi-
sion should be partially governed by the difficulty of the example
in this respect. And difliculty of examples is in turn dependent
not only, as they have shown, upon the number of corrections
needed to find the true quotient figure, but also upon the number
of figures in the divisor, the number in the quotient, and the
size of the guide figure of divisors involving more than one digit.
The finality of these results may be cquestioned when com-
pared with those of another study. Bruecknei and Melbye report
that “the data for the zero-in-quotient typc show that the index
of 25 per cent error, or 75 per cent accuracy. on the whole is not
rcached before the mental age of 168 months, the same point as
for the one-ligure quotient examples in which the apparent
quotient must be corrected to find the true quotient.” On the
other hand, Grossnickle'® analyzed errors made with one-figuve
divisors and with two-figure divisors.'* In the first case, the pupils
had already learned the process, and the test given was intended
to measure their accomplishments, but in the latter case the
pupils were just learning the process. When the divisor was a
one-figure number, about 13 per cent of all errors in each grade
from grades 5-15, inclusive, was due to the use of zero. How-
ever, when the divisor was a two-figure number, the per cent of
errors resulting from the use of zero was 0.8. The zero-type of
example was among the easiest which this group encountered

12Leo J. Brueckner and Harvev O Melbyve, “Relative Difficulty of Examples
in Division with Two-Figuie Divisns,” Jowonal of Educational Resewrch, 83 101,
A1, Februan, 1910,

13 Foster B Grossnickle, “Ervons amd Questionable Habits of Work in Long
Divisic. @ with a One-Fizure Divisor)” Jmanal of FEducational Rescarch, 29 : 355-
368, January, 1936

4 Foster E. Grossnickle, “"Constaney of Error in Learning Division with a Two-
Figure Divisor,” Jowrnal of Educational Research, 33: 189-196, November, 1939.
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in division, and the rcason probably lay in the way in which
the function of zero was taught and in the way in which the ex-
amples containing zero were graded for instructional purposes.
The function concept of zero as a place holder in the quotient
had been stressed with these pupils; as a consequence they did
not merely juggle zeros, but rather understood why zero must be
used to give place value to quotient figures. Therefore, to the
factors already mentioned as affecting grade placement must be
added the method of teaching employed and the degree of under-
standing of the process attained.

All the factors have not yet been named which must be taken
into account experimentally in deciding the grade in which divi-
sion is to be taught. Research, chiefly that of Grossnickle, has
shown that children can learn division in the fourth grade, but
this does not mean that the topic should be taught in that grade.
Another factor which still further complicates the placement of
the topic is its social significance for the pupil. If the social
significance of division is slight for pupils in the fourth grade
but greater for pupils in the sixth grade, other things being equal,
the topic may well be reserved tor the later grade. The social
significance of division as a phase ot grade placement is as yet
undetermined th: sugh research.

A valid answer to the question of the grade placement of divi-
sion must therefore be based upon consideration of many factors,
such as the inherent structure of examnples in the process. the
method employed for teaching it ncaningfully, and the social
significance of the topic. There is no evidence to indicate that
many of these factors were experimentally considered in the
Committee of Seven's placement of division at Mental Age twelve
vears seven months. Nor have all these factors been duly weighed
by other investigators, with the result that as yet we do not con-
fidently know on the basis of research just when the topic (or
some part of it) should first be introduced.

IN CONCILUSION

This chapter has been devoted to cautions to be observed in the
reading of research. It has been pointed out that investigators
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are influenced in the selection of their problems, in the organiza-
tion of their experimental procedures, and in the interpretation
of their data, by the views they entertain with respect to the
nature of learning and with respect to the purposes of arithmetic
in the elementary curriculum. And it has been stated that these
conceptions are no less influential in the case of the consumer
of research; they determine largely the evaluation he assigns to
the research he analyzes. Furthermore, in this chapter pait of the
research on division has been analyzed to reveal the many facets
of the problems which relate to the form in which division is
first to be introduced and to the determination of the grade in
which the topic is first to be taught.

What has been said in these connections is largely negative, and
intentionally so. The writers of the chapter have felt it necessary
to stress the dangers inherent in the superficial interpretation of
research rather than to stress the values of research. It was as-
sumed that these values would be conceded. But such concessions
may go too far, and the potential values of research may be
allowed to conceal the weaknesses present in much arithmetic
research. The cause of rescarch is not advanced, but rather
hindered, by uncritical acceptance of questionable data and
doubtt..] conclusions. Low standards of evaluation can only en-
courage the production of more mediocre studies. When readers
of research recognize the complexity of the problems involved in
the teaching of arithmetic and when they refuse to countenance
unsound findings, the quality of research must inevitably be im-
proved. Negative comments made now may in the end lead to
higher standards of rescarch and to markedly improved research
investigations,




Chapter XIV

ONE HUNDRED SELECTED RESEARCH STUDIES

BY LORENA B. STRETCH
BAYLOR UNIVERSITY

To MAKE this yearbook more serviceable to the teachers, super-
visors, and others for whom it has been prepared, a selected
list of research studies in arithmetic has been compiled and is pre-
sented herewith. In selccting research studies, various criteria
may be employed, among which are (1) validity of conclusions,
(2) excellence of technique employed, and (3) effects of the find-
ings on educational practice. There are few research studies which
rank high in all three of these respects.

It should be understood that neither the writer nor the other
members of the Committee can guarantee the soundness of the
conclusions which have been reached in these researches. Some
are doubtless more valid than others but, on the whole, the con-
clusions presented in the studies listed are probably more valid
than are the conclusions reached in the average 1esearch study in
arithmetic. However, the reader will have to form his own con-
clusion as to the validity of each.

A major value of some researches lies in the fact that they
illustrate the use of desirable techniques. The researches in the
following list employ various different techniques which may well
be used by students who wish to make studies of their own.

The critical reader may contend that some of the studies listed
were made so long ago that their present usefulness is doubtful.
The writer has deliberately included in the list a few studies
which have an important historical value even though they no
tonger influence educational practice as much as they did in the
years immediately following their publication. They are land-
marks of educational progress, as it were, and are known to thor-
ough students of the teaching of arithmetic.

318
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Chapter XV
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BY E. A. BOND
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EACH day as a part of the daily work of a class, the wise teacher

sees to it that the goal is sct for the next day. To accord with
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for the convenience of those teachers in service and in training
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