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This study was concerned with the effect of a tangible and
conosptualized presentation of arithmetic to children in the fifth and
sixth grades as compared to a routine elassrooa presentation.

The regular aritbmetic course of study of the school system was
divided into coneepts or mathematical ideas. To these were added enough
additional concepts taken from pure mathematies theory to explain the
arithmetic processes regularly taught in these grades, Tangible manipu=
lative items that had cultural significance were wsed im developing the
concepts whemever possible, The regular aritbmetic text was used as a
reference book only, In additien the children were supplied with other
reference materials as they requested theam,

Only ome conecept was presented each week in a discussion period in
which the teacher acted as a resource person, Major points of interest
relating to the topic were identified, and the means of developing these
were planned by the students, The students reacted to the conoept by
producing some tangible item of their own choosing that they felt would
represent their understanding of the particular mathematical idea for
the week, The students were not given an assigament of problems to work
in any text.

Class periods were limited to thirtyefive mimutes per day. There
was no ability grouping, mo individual help, no homework, or work at any
other time, The lessons included no “drill®,

Once a week students were given the epportunity to work as far as
possible in a series of problems of gradual difficulty, These were
eorrected by the teacher and returned to them, This was done in order
to keep the childrem and the patrons of the school informed of the class'®
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progress, No student was ever required to ccmplete these problems, only

to do as many as possible in the class time.
The tangible and conceptualized method was compared to the routine

self-contained cla=sroom presentation in which the arithmetic text
structured the program and was worked through as a method of completing
the arithmetic course. The self-contained rooms were not prohibited
from ability grouping, individual help, drill and rote learning methods,
home work, direct correlation with other subjects, or any other method
the teacher chose., Thesze «iassrooms were informed that they were acting
as control groups for the study.

There were 166 students in the study comprising 8 heterageneous
classes in two elementary schools., There were two experimental fifth
grades and two fifth grade controls; likewise, two experimental sixth
grades, and two sixth grade controls. The grades selected were deemsd
to be typical of the school pupulation,

The relative effectiveness of the conceptualized and tangible
presentation and the typical routine of the self=-contained classroom was
determined by students performance on standardized achievement tests,
These were administered at the beginning, the mid-point and the end of
the school year, Comparisons were made on the students' performance on

achievement tests administered as part of the school routine. These were:
STEP Test - Form A

California Achievement Test - Elementary Arithmetic Form BB -
Reasoning and Fundamentals

Tests given the students were treated by using the analysis of co=
variance model, F ratio showed that there existed a significant difference
between experimental and control groups when measured by the STEP and
California Achievement Test~Elementary Arithmetic-Form BB, reasonings . There

¥as w0 significant difference found in Califormia Achievement, fundamentals.
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Conclusions: It would appear as a result of the study that it

would be possible for students to achieve essentially the sams progress
in arithmetic with an understanding of mathematieal concepts and their
use as they can in a routine classrooa proeedure in which rote msthods
of learning are employed. It would further appear that this ecan be
accomplished im 35 mimutes per day in a heterogemsous group in whieh
there is no ability grouping, no individual help, and ne additional work
ocutside of the 35 mimute class tims when the burden of proof of learning
rests with the student, It alse would sppear that it is possible for
fifth and sixth grade children to understand sufficiemt mathematical

theory as would give msaning to the arithmetie content at the fifth and
sixth grade lewel.
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CHAPTER I
INTRODUCTION

Improvement in the elementary curriculum has long been a part of
educational research, Since 1900 much emphasis has been given.to a
consideration of methods for improving arithmstic programs,l Leaders in
the field of education and in national mathematical organisations have
given much thought tos (1) factors eontributing to a need for an
improved program; and, (2) the kind of pregram that will supply these
needs, Price lists the factors which contribute to the need for change
in mathematies curriculum as: (1) Research in mathematics;

(2) Automation; and, (3) Automatic digital computing machinese? Advances
in mathematics have created more profound mathematics, greater quantity
of eomtent, introdueed new swbject areas, and ereated additionsl and
more extensive uses of mathematics, The sequential nature of mathemgtics
makes it imperative that studeats and teachers possess a thorough knowe
ledge of these eontimming developments,.3

Cultural implications for mathematics have arisen in the
application of mathematics to the development of automation, which has
in turn created the need for the productiom of high speed computers. Imn
order to carry out the mechamisation of automation, it has becoms

1. T, Buswell, ®Aritimetic®, Review of Educational Research
Chester W. Harris, Editor., New York: The Macmillan Companye 1960, P 62,

24, Baily Price, "Progress in Msthematics and Its Implications for
the Scheols.®™ The Revolution in Sehool Mathematies. Washingtom:
National Council of Teashers of Mathematics, 1961, Ppe 3=5.

3ide, pe 2.
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neesssary to design machines capable of computation at rates far beyond
humen abilities, The design, maintenance, and operation of such machines
require the close association of mathematics with the fields of
engineering and mechsnics. Development of such processes have bhad a
great influence on the way of nr..“
Not only has content in mathematics changed, but areas of emphasis
have changede While it is still mecessary to teach the traditional
subject matter areas, they now receive less emphasis. S8pecific applics-
tion of mathematies toward increased environmental control make a thorough
understanding of the properties of functions just as necessary as a
memorisation of these processes. This is brought out by the
Rock-efeller report.
o o o We are moving with headlong speed into a new phase of
man's long struggle to control his environment, a phase beside
which the 1ndutr§nl revolution may sppear a modest alteration
of human affairs.

Some idea of the scope and recemncy of the change may be obtained

by considering a statement from the Fiftieth Yearbook of the National

Society for the Study of Education which was published just nine years

ag0.

Arithmetic exhibits some marked contrasts whem compared with
some of the other econtent areas of education. Unlike chemistry,
physics, and the social sciences, its con gont is not subject to
radical changes due to discoveriese ¢ ¢ o

brvid,, Ppe keS.

SRoiksfeller Report. The Pursuit of Excellenes, Panel Report V
of the Special Studies Project, Garden City: Doubleday. 1958 P. 28.

G, T, Bushnell, "Introduction.® Fiftieth Yearbook of the

National Society for the Study ot Edueat:l.on Part II, Chicago:
Tadversity cago"ﬁ:eu. P. 1.
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Further support indicating the importance of a changing
mathematical program to the cultural development is offered by Schaaf,
The creative language of today is science, and mathematics
is the alphabet of science. o ¢ ¢ Contemporary mathematics is
t0 be distinguished from all previous mathematics in two vital
respects: (1) the intentional study of abstractions, where the
important considerations are not the things related, but the
relations themselves; and, (2) the relentless experimentation of

the very foundations - the foundations of ideas upon ch the
elaborate superstructure of mathematics is based. ¢« ¢ o

A consideration of the arithmetic program needed in view of these
changes implies the utilisation of mathematics by the culture and, as a
consequence, a change im methods of classroom presentation. Suelts in
emphasising the pressure to apply research results to classroom
methodology lists three components of an arithmetic program that will
tend to emphasise the social significance of mathematics:

l, The essence of mathematics.

2. Computations and proecedures.

orld 83‘ Application to the social, physieal, cultural, and economie
[

The importance of number systems (arithmetic) to the cultural is
also emphasiszed by Suelts:

The fact (well accepted) that modern science and art eould
not well function without the number system in its present
state of development tends to support the concept that the
invention of it is, as it has been ealled, the greatest
invention of the buman mind,’

Twilliam L, Schaaf, "Mathematics as a Cultural Heritage.® The
Arithmetic Teacher, 8:3=5, Jamuary 1961, -

aﬂon A, Suelts, "A Time for Decision.® The Arithmetic Tescher,

9Tvid., P. 13.
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The cautious planning that is needed to implement a mathematics program
that will gerve and support: (1) the abstractnsss of mathematical
invention; (2) the rapid development of automation; and (3) the
resulting construction of rapid mechanistic computation is brought out
by Craig:

In the already crowded curriculum any subject should be most
carefully delinsated. Although arithmetic can claim a share of
eurriculum time as its cultural right, the delineation of that
share of the curriculum should be most carefully considered.

The question appears to be, “How ean mathematics be treated in
the curriculum to be of the most use?®

Although mathemetics as such is a part of the cultural heri-

tage, in the mcﬁriwhnoftodu,tiulpmtonnmuu
needs to be justified,

It would seem that we need to make a choice as to what course the
arithmetic should pursue: (1) Shall we contimue in the way of abstrace
tion only; (2) can abstraction have utility as a msans of enhancing
understanding; (3) is it possible for children in the elemsntary school
to understand functions and processes as well as the memorisation of
facts; and (L) can this be aecomplished in a reascnable amount of class
time?

The arithmetic program of the future is pictured by Clark:

e ¢ o arithmetic programs in the mext decade will: (1) be
directed by teachers of high secholarship; (2) be better supe
ported by the lay public; (3) give greater emphasis to learning

by thinking; (L) make better provision for the range of
abilities in heterogenecus groups of pupils; (5) incorporate

topics not generally found in school curricula; (6) include
experiments with, and evaluation of, newer tools of lominz.u

10gsrald 8, Craig, Science for the Elementary School Teacher,
New York: Gion and Companmy, 1958 Pe 35e

Lonn B, Clark, "Iooking Ahead at Instruction in Arithmetie.®
The Arithmetic Teacher, 8:394, December, 1961.
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It is with these implications in mind that this study originated.
Need for the study. It has been peinted out that: (1) mathematics

content is rapidly changing and developing; (2) mathematies content is
rapidly increasing; (3) there is an urgeat necessity for the utilisation
of mathematics in the control of a rapidly developing technological
environment; and. (i) these factors imply a change in the content pre=
sented to students and the msthods by which this is done,

Studies involving mathematieal research are mumerous and attack
many facets of the total mathematieal problem situation.}? However it
would seem that soms attempt might be made to inaugurate an arithmetie
program in a typical classroom situation that would incerporate the
implications of such studies,

The sequential nature of mathematics makes a thorough understanding
of previcus ecntent necessary in order to master developing mathematical
mmuou.u It has been poimted ocut that the need to utilise
mathematics in the control of the eaviromment implies understanding om
the part of the student rather than memorisation., It would seem thea
that the elementary curriculum as the sequential antecedeat to this
developing mathematical program, could not advantagecusly be cor.;ﬁmod
as a memorising, or i'oto type, program.

It was the purpose of this study to attempt to design an elemen~
tary course of study in grades five and six that would: (1) be based on

12pagwell, ops cite, Pe 63.
BPrieo, OPe cite, pPo 2
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6

a thorough understanding of mathematical theory; as it relates to arith~
metical processes; (2) be consistent as a sequential antecedent to the new
content that is developing at the secondary levels; (3) provide academically
talented students with an arithmetic program equal to their abilities; (L)
provide the slow learners with arithmetic experiences compatsble with their
abilities; (5) provide experiences in the application of arithmetic to real-
life situations; (7) be taught in a realistic manner consistant with prin-
ciples of learning; and, (8) be accomplished in thirty-five minutes per
day of class time,

In order to implement & program of this type an attermpt was made
to: (1) identify and analyze methods of improving the elementary
mathematics program; (2) investigate methods of reducing the classroom
teacher's total load as it relates to areas of specialization; (3)
investigate a method of teaching elementary mathematics that would
emphasize the understandings of concepts and their application to a
social situation with tangible manipulative materials; and, (L) investigate
the relationship of such teaching-learning procedures to the development
of skdll in the manipulation of abstract mathematical symbols.

Statement of the problem. The purpose of this study was to com~

pare two methods of teaching arithmetic in the fifth and sixth grades.

The two methods were designated as those practiced in: (1) the self-
contained (or routine) classroom procedure; and, (2) s tangible and con-
ceptualized presentation of arithmetic as mathematical theory to be applied
in a social situation. In the self-contained classroom, aritlmetic was
taught in the routine mammer prescribed by the curriculum of the school sys-
tem in which the text structured the arithmetic program, In experimental
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rooms the mathematics program was presented as a cultural tool. The two
methods were compared as to the performance of students on selected
standardised achievement tests. These were administered as a part of
the arithmetic progranm.

In addition the study was concernmed with incorporating into the
ocontent of the elementary arithmetic curriculum sufficient mathematical
theory to serve as an adequate explanation of the arithmetical processes
heretofore taught by rote - or memory.

It was the hypothesis of the experimental program that fifth and
sixth grade mathematics presented as a mathematical coneept to be used
as a cultural tool will result in: (1) an improved understanding of
mathematical principles; (2) improved ability to manipulate abstract
nathematical symbols and to apply these in a social situation; and,

(3) that these abilities would be exhibited on standardised achievement
tests given as a part of the regular routine of the school.

Basic considerations, The basic considerations pertinent to the

study were as follows:

le Is it possible to inerease understandings of mathematical
concepts by the manipulation of tangible items?

2, Will an increased understanding of mathematical concepts
result in greater mathematical achievement by students as measured by
standardised achievement tests?

3. Vhat is the extent which mathematics as a symbolie system may

evolve skill in the manipulation of symbols?
he What emphasis should be placed on the understanding of
mathematical concepts as the manipulation of abstract symbols?






Definition of termse Terms used are defined in appropriate

places in the body of the thesis, However, in order to make clear the
initial presentation, certain terms are defined here, The terms defined
are: arithmetic, mathematical concepts, routine classroom procedure,
and conceptualiized presentation,

Arithmeti¢c in this study was used interchangeably with mathe-
matics and elementary mathematics. It also refers to the program used
in the school to develop the part of the curriculum usually referred to
as "arithmetic®, The connotations given to arithmetic in the experie
mental program are defined in Chapter IIL.

Mathematical concepts was used to refer to the ideas and generale

isations of mathematics which were taught in connection with the study
of arithmetice This term was also used to refer to the branches of
arithmetic dealing with denominate numbers, and the areas of mathematics
having to do with measurement. As used in the study, the term would
include ideas, generaliszsations, principles and symbols referring to

the various areas of mathematics.

Routine classroom procedure was the term applied to the process

of arithmetic instruction carried on in the self-contained classroom.

In this study it was referred to as “the way arithmetic was usually
taught.® This implies a presentation involving: (1) regular assignments
to be complsted in the text; (2) following the sequence of the text;

(3) requiring the students to complete most of the practice and drill
work in the text; (L) direct correlation with other classes; (5) “extra®
help for slow learnmers; (6) additional time other tham in class to

complete assignments; (7) drill on "facts®; and, (8) homework when
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necessarye. This is further developed in the chapter on the teaching

procedures used in the study.
Conceptualized presentation was the term arbitrarily chosen to

represent the presentation of a broad gemeral idea to students as a
teacking process, This was in contrast to a presentation involving a
single operation. Conceptualized presentation included many aspects of
an srithmetie concept and its application in a soclial situation.

Limitations of the study. The study was an evaluation of a

method of teaching arithmetic to fifth and sixth grade students and was
not an attempt to prove that one method was superior to another, The
study wes limited to the content, and the understanding of the content,
of the mathematics contained in the course of study of the school system.

Specifically the study was not concerned with:

1, The evaluation of the existing routine classroom presentation,

2o The evaluation of textbookse

3¢ The evaluation of the curriculum,

be The evaluation of grade placement of mathematical concepts
and/or materials,

The study was specifically concerned with ascertaining if it was
possible to teach the mathematics contained in the curriculum, as
sppropriate to grades five and six, as an understanding of concepts

rather than the memorization of facts and processes,

Structure of the thesis. Chapter I contained a review of some of

the developments in mathematics and society that have given rise to the

need for the study., Basic assumptions and terms have been described.






Chapter II will be concerned with a review of the literature that is
pertinent to a eonceptualized presentation of arithmetic, literature
pertaining to learning theory that is particularly applicable to the
study, and a review of current literature regarding present practices
of teaching arithmetic in the elemeatary school. Chapter III will cone
tain a detail of the two methods wsed in the study. Chapter IV will
contain descriptions of: (1) the organisation of the investigatien;
(2) the persoas involved im the study; and, (3) the cultural and
geographie areas participating in the study. Chapter V preseats the
data and results of the study. Chapter VI contains a summary and
implications for further study.



CHAPTER II
REVIEW OF THE LITERATURE

It was indicated in Chapter I that the literature in regard to
research in the methods and content of the arithmetic program is very
extensive, It would have been beyond the secope of this paper to com~
Pletely review all thess productions. Comsequently this chapter will
concern itself with a review of literature pertinent to: (1) concepts
in arithmetic curricula and methods of teaching them; (2) literature

pertaining to theories of learning that are significant to this study;
and, (3) literature regarding eurremt practices of teaching arithmetic,

Beview of literature pertaining to concepts of arithmetic

gurricula and msthods of teaching them, It should be emphasised that the

teaching of arithmetical conocepts or ideas does not mean an incidental
type of learning situation. This is brought out by Clark:

Changing conceptions and functions of education, of the
philosophy ef education, have been clearly reflected during
the past several years both in curricula and teaching
methodse « ¢ ¢ There is a middle ground between the two
extremss of the now outmoded formalism of an overwburdened
cnrxicu.hn and the established freedom of wholly incidental
learning.

The relation of teaching mathematical concepts with cultural
spplication is further esmphasized by Bredeoake and Groves:
e o o to supply childrea with those experiences which lead

to real comprehension of number o o ¢ children who failed to
achieve success in "sum lessons® showed eonsiderable grasp of

Usohn R Clark, Arthur S, Otis, and Caroline Hatton,
Arithmetic Through Experience. Yonkers-oneHudson: World Book Company.
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the subject when shopping. « « a scheme which brought to the
classroom og? of the nmumerical activities found in daily
life. « ¢ o

Many, if not most, references dealing with arithmetie instruction
are chiefly concerned with mathematical content, with much less emphasis
on method of teaching and learning, Banks specifically illustrates
teaching individual and isolated content areas. He does indicate however
that the choice of material in texts has made a real effort to "reflect
interests, activities, and experiences of children,w

The need of structuring the arithmetic curriculum so that it
contains mathematical concepts is emphasised by Hartunge

o o o More than a set of things it might be interesting to

try, or a collection of emrichment materials, or drill materials
e ¢ o It must provide for a new and deeper understanding of
arithmetic. « ¢« o A few simple ideas provide the foundation
stones upon which arithmetic is built. « + « The ultimate goal
of a modern arithmetic program is that the child be able to
solve problems involving quantitative ideas. To attain this
goal, it is necessary toI him to acquire certain essential
concepts and techniques. {

The development of arithmetic programs has closely followed the
needs of society. It has progressed from a primitive need for an expres-
sion of quantity, such as a one=to-one relationship, to the complicated

processes demanded by current toehnolou.le Evidences has been presented

15, Bredeoake and I.D. Groves, Arithmetic im Action. London:
University of London Press. 1956. P, 128.

16;, Houston Banks, le and Teaching Arithmetie, Boston:
Allyn and Bacon, Incorporated. 9¢ Pe 5e

17Mgurice L, Hartung, et. ale, C the Course for Arithmetic.
Chicago: Scott, Foresman and Company. e Pp. 4=19.

mDavid Eugene Smith, History of Mathematics, New York: Ginn
and Company. 1951, P. 6. -
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in Chapter I to indicate this development, Of particular concern to
this paper are the changes in content and methodology during the past
century.

Mathematics during the colonial period showed little ingemity.l’
Up to the year 1800 texts were of English origim and related largely to
the needs of commerce.20 Msthodology consisted largely in the dictation
of practical problems by the teacher which were copied by the students.
Texts gave rules for the solution of problems, these were memorized by
the students and applied with a minimum of emphasis on understanding,
About the first significant change in arithmetic teaching came in 1821,
when Colburn, under the influence of Pestaloszi, broke away from the
deductive method of memorizing rules and applying them, As arithmetic
content continued to incorporate additional mathematics (as it was needed
by the culture) the bulk became so heavy it was deemed necessary that it
be abridged and enriched. This was undertaken by the Committee of Ten
(1893) and the Committee of Fifteen (1895).21

In order to reduce the amount of content the theory of ™utility"
vwas applied. In about 1920 arithmetic was organized as a succession
of unit skills, This was followed by drill (the "law® of exerciss) as a

law of learninge In 1930 the National Society for the Study of Education

19Walter Se Monroe, Development of Arithmetic as a School Subject,

UeSe Bureau of Education Bulletin, No, 10. Washingtont Government
Printing Office, 1917, Pe 8.

20

m’w.ll, g. ﬁ.’ Poe 63.

2l
Ibide






Yearbook paved the way to teaching for meaning.2?

As the development of arithmetic programs followed a pattern of
increasing content, it began to be opposed by arithmetic curricula which
emphasised in turn: (1) memtal discipline; (2) social utility; (3)real-
life relationships; and, (L) social aims.?> Wise made some attempt to
show that much of the arithmetic taught during the early part of the
century did not funetion in 1110.2"‘ Consideration of arithmetic as
social utility helped to streamline much of the ocutmoded content. Im
addition to theories of social utility much emphasis has been placed on
an attempt to make it meaningful.?’ It is now rather well accepted that
both aims are noeuur,y26 and since content (up to the last few years)
has been pretty well founded, research has dwelt on arrangement.®’

This thesis would be incomplete without soms reference to
Rgctivity® programs that have been inaugurated. Harap and Mapes
attempted the learning of decimals in an activity program, and found
that the upper and lower extremes of the class (according to I.Q.)
acquired soms mastery, and that the number of repstitions had nothing

2n44,, p. 6k.
23n4d., p. 65.

2hoary 1, Wise, "A Survey of Arithmetie Problems Arising in
Various Occupations®, Elementary School Journal, 20:118-36. 19L9.

25&'“11’ ﬂo c_i!o 9 Peo 650

26Hmry Van Engen, "An Analysis of Mesning in Arithmetic.®
Elemsntary School Journal. L9:321-29, 395-340; 1949.

2T4ervert F. Spitser and Robert L. Burch, "Methods and Materials
in the Teaching of Mathematics.® Review of Educational Research.
18:337-L49; 19L8.
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to do with degree of mtery.za In as much as there was no control
these findings might indicate further study. Willey reported a study of
social expression intended to lead a child to underatandinga.29 In a

report of an experience curriculum, Williams showed satisfactory gains,

but had no control groupe

Buswell reported in 1935.

e o o On the basis of evidence now available, the incidental,
experience approach has not produced a superior substitute for
the more systematic organization of content, but it may well
provide some insight into supplements to the systematis
program . « o (in an activity program) there are many
uncontrolable variatles . 1° it is also practically impossible
to duplicate a situation.3

Since the method of arithmetic instruction described in this study

is concerned with "drill® teaching techniques, the work of Ph.'Ll].:I.p.,3 2

Brcnm,33 and Browno]lm' are significant in which there was some

zeﬂcnry Harap and Charlotte E, Mapes, "The Learning of Decimals

in an Arithmestic Activity Program®., Journal of Educational Research,
291686-93, 1936,

29Rsy D Willey, ®p Study in the Use of Arithmetiec in the Schools
of Santa Clara County, California." Journal of Educational Research,
363353'65, 19h30

30catherine M. Williams, "Arithmetic Learning in an Experience
Curriculum,® Educational Research Bulletin, 28:15L4=62, 167-68; 1919.

31&1“‘11, 22‘ E’-j_-, Pe 67

321:- M, Phillips, *Value of Daily Drill in Arithmetice® Journal
of Educational Psychology. L:159-63, 1913.

333, C. Brown, ®in Investigation of the Value of Drill Work in the
Fundamental Operation of Arithmetic,® Journal of Educational Psychology,
3:485-92, 561-70; 1912.

3lgi114am A, Brownell and Charlotte B, Chesal, "The Effects of
Premature Drill in Third Grade Arithmetic.® Journal of Educational
Research., 29:17-28, 1935.
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indication that drill without understanding may result in poor learning
and learning habits.

Review g£ 1nrnigg theories of ggx_xiﬁcanoe o this study. It is

not our purpose to investigate all the literature published relative to
theories of learningy but rather to confine this discussion to basie
theories of learning, (as presented by accepted authorities) that are
pertinent to this study. Neither is it the purpose of this digsertation to
evaluate various learning theories, only to investigate such aspects as
would tend to support the techniques which were used in the teaching of
mathematics in this study. In other words, it is our intent to show
that the teaching methods employed were based on some accepted theories
of the learning process. It is further our purpose to point out that a
consideration of some commonly accepted theories of learning would
indicate that a sense-pserception (tangible), and conceptualised presens
tation of arithmetic in a social situation would tend to emhance meaning.

The importance of the process of learning to the tremendous task

of achievemsnt in arithmstic is onphuiud by Judd.

e o o Children are not born with a mumber system as part of
their physical inheritance . « ¢ the school puts them in contact
with a system of number symbols which is one of the most perfect
creations of the human mind ¢ ¢ ¢ in the short span of a few
Years, the child becomes expert in the use of a method of
expressing ideas of quantity which cost the race centuries of
effort to invent and perfect.

If arithmetic education is to accomplish such a task as this it

vould appear that every effort should be made to do it as effectually as

35 -
Charles H, Judd, Educational Psychology, New York: Haughton
Mfflin, 1939, pe 270.
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possible. The fact that mathematies might be considered as an inherent
or instinetive precess should not be totally disregarded, however, there
is some support to the theory that behavior in man is a learned process,
or, learning is important to education. Instinetive and/or inherent
determinants have been shown to have somewhat less significance, though
not to be completely dft.u:c:mn’t.ed.36

An investigation of much of the literature relating to the
subject matter and methods of teaching, approaches the learning process
and its accompanying problems in a symptomatic rather than a casual
maxner.37 That is, reported research tends to analyse isolated problem
areas and suggest methods of attack, but puts less emphasis on under-
lying principles of the thinking and learning activities of childrem.
Basic then, to this paper is a consideration not only of learning theory,
but the use to which it could be put in teaching and learning mathematics,
It has been our assumption that learning theories, or genseralisations,
might be employed in predicting or anticipating desirable behavior on the
part of the student in the area of mathematics,

Such a treatment of learning theory seems to involve three aspects:
(1) the antecedents within the students background; (2) the results to be
expected from the application of the “teaching process® on the student,
and (3) resultant bebavior. The learning theory employed in this study

36y, Teubergen, The Study of Instinct. Lendon: Ocford Duiversity
Press. 1951. As cited by Ernest R. Hilgard, Theories of Learning. New
York: Appleton-Cemtury-Crafts, Incorporated. 1958. p. 3e

3Thuswell, op. cite, p. 63-67.



-



18

would need to deal with all of these areas. All three ars difficult to
describe in that there appears to be little scientific method which can
be used to treat them.

The first of these has to do with what is already in the students
mind when exposed to school learning situations, Children think not
necessarily in relationship to the momentary classroom situation, but in
relationship to this, plus the mental residue contained in their minds
of what has gone before. This msntal development ®"includes the sum total
of memories, images, percepts, concepts, and attitudes built up over the
years.® 38

The conclusions of Piaget are relevant to a methodology that
considers the thinking process of children in the learaming situation.
This work analyses a situation in which children often "think® they
understand when the particular understanding is the result of a
®syncretistic poreoption."” In other words, children are apt to jump
to conclusions when presented with instructional materials that are to
be learned, The supposed understanding is no more than a quick relating
of the new idea with the child's apperceptive mass., This leads to
Plaget's conclusion:

Syncretistic understanding consists in . . . (a thought

process) that the whole is understood before the parts are

analysed and that the understanding of the dotqli‘ takes
place only as a function of the general schems.

38Dav:'td He Russell, Children's Thinking. New York: QGinn and
Company, 1956. p. 3kL.

39 jean Phaget, The age and Thought of the Child. New York:
Meridian Books, 1955. Pe .

bOri4., p. 162,
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In view of this it would seem illogical to teach isolated *facts®
in subject matter as a prerequisite to either understanding or assimila-
tion of knowledge. This does not intimate that facts or mathematical
ideas, in and of themselves, are unimportant, but rather that they
should be viewed in their totality and their interrelationships.
Carpenter's work is significant in this regard:

We cannot always assume that the perception of the ®™whole®
gestalt can somehow suddenly be grasped without making sure
that the pupﬂ knows the meaning of key concepts that compose
the gestalt,

This need for an understanding of parts as they relate to wholes
is also brought out by Russell:

Not until eleven years can children understand how three
objects are alike, and not until adolesence can they detect
similigrities in agbstract words, This one example of mental
development suggests that ﬁemntary children should have
many concrete experiences,

The importance of percepts and sensations contributing to a child's
total concept of a situation are further emphasized by Russell who
supports Ptaget's conclusion and gives it application.

A child's thinking is based on his experience, His immediate
interpretation of events in his external or internal environment
are his percepts. « « o« A percept, an image, or a memory seldom
exist in isolation. « o ¢ The older distinction that sensory
impression is a lower form of activity than the higher ™wental
processes® of abstraction or problem solving is now considered
to be largely a metaphysiecal one, Modern research suggests not
& sharp break, but a continimum in the cognitive process from

l‘]i‘mey Carpenter, ®"Conceptualiszation as a Function of
Differential Reinforcement.™ Social Science and Mathematics.
38228h-29h. l95ho

b2p,e8011, op. cit., p. 59.
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relatively sixple sensations and Rgrceptiona to elaborate
aesthetic or creative experiment,

To apply the foregoing to methodology in arithmetic it needs only
to be remembered that the subject matter as it is presented to the child
becomes a part of this enviromment, or the subject matter is interpreted
by the child in his percepts,

Basic also to this discussion is the function of repetition or
2drill* methods, commonly referred to as "rote® learning., A method by
which content is presented to the students by the teacher, sither orally
or written, and which the students repeat a sufficient number of times
until they can reproduce it. Thorndike's work is significant to this
kind of methodology that involves the teacher telling the pupils ®how®
rather than building an understanding for them that tells “why®. There
is some indication in Thorndike's work to show that "response to a com-
mand situation will not result in a waning of the initially most
frequent comnection at ths expense of the initially less Iroquont."“"

If this were applied to a ;ultiplo choice problem situation in
vhich a student may make either a correct or several incorrect answers,
continued repetition of incorrect answers would not necessarily enhance
LS

the correct responses at the expenses of the incorrect answers.

Further support for a eonceptualized, learning and the use of
broad ideas is offered by Carpenter:

“‘Fdnrd L. Thorndike, The Fundamentals of Le o New York:
Buresm of Publications, Teachers College, Columbia University. 1937 p. 18

45114, p. 18
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Functional learning of concepts is more efficient than rote
learning when measured by retngtion and ability to verbalize
meanings of learned concepts.

In view of the evidence presented in Chapter I indicating that
elementary mathematics education needs now to teach structure and con-
cepts rather than isolated facts, the work of Hargrove which indicates a

structured, rather than an incidental learning program is s:i.gni;t‘ican‘l;.h7
The importance of understanding a mumber system and its applica~

tion to social situations is a concern of teachers in instructing chil-
dren in ways of solving story problems, The use of a thorough
understanding of a number system, as it applies to the culture is brought

out by Hamllton:

e o o A problem seldom if ever has any numbers associated with it
until we recognize the situation and apply numbers to it, « « « We
have to be able to think well enough to be able to arrange the ele-
ments of a situation and adapt a strategy using models from reality,
concepts, mental imagery, o o oalso know enough about numbers to
recognise one or several properties that fit the situation, thus
choosing an abstract model in the best mathematical umn.ﬁa

Support for learning in a social situation rather than in
isolation is also offered by McHugh.w

The learning or behavior to be expected as a result of arithmetic
instruction is basic to this paper. This consideration involves the

,‘6Fenloy Carpenter, "The Effect of Different ILearning Methods on
Concept Formation.® School Science and Mathematics, 40:282-285, 1956,

MH. Richard Hargrove, ®Proper Emphasis on Science and Mathematics
in the Elementary School.® School Science and Mathematics, 4L :89-91,1960.

l‘BE. We Hamilton, ®About the Articles®™, The Arithmetic Teacher,
8:49, 1961.

LS4a1ter Joseph Mchugh, *Pupil Team Learning in Skill Subjects in
Intermediate Grades.® Dissertation Abstracts,21:1461, Dece, 1960,
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relationship of mind to the learning processg &, as suggested on
page 17, the use to which the learning (resulting from the instructional
process) shall be put. Outhrie makes such a distinction:

Growth, reproduction, and defense mechanizations are life but
they are not mind, Mind is something more; it is growth and
reproductions and reactions serving these ends plus something
else that common sense might call profiting by experience. o o o
The ability to learn, that is to respond differently to a situ-
ation because of past response to the situation is what
distinguishes those living ereatures which common sense endows
with minds « « o training leaves no observable changes o « « %d
must be a mode of behavior which changes with use or practice.

While it might be desirable to find a teaching method that would
assure all the best possible results, such a possibility would seem
ixprobable. In this light Guthrie continues:

So far as I am aware the only suggestions toward the description
or explanation of the circumstances under which specific changes in
behavior will or will not occur have been made in the form of
association or conditioning « « ¢ when the past of the individual
is used for predicting behavior, we find our predictions are always
in terms of associative learning . . « We can never understand him
(man) but we can understand something of him and know something of
him in terms of what we know of human nature in general and in
terms of what we know of his past history and the nature of
associative learning.

In contrast to this concept of learning as it relates to the total
past and present experiences of the individual DeMay offers a brief sume=
mary of some early aspects of arithmetic instruction:

When number work was first thought to be a necessary part of

instruction of the first two grades, teachers did not know what
to do except to drill their pupils in the abstract combinations.

Investigation later showed most of the time spent this way had
been wasted . o » (the need is) to provide teachers with

g0 .
Es R. Guthrie, The Psychology of Learning., New York: Harper
and Brothers. 1935. Pp. 2-L. -

5lmbid., Pp. 2L3-2LS.
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sequential materials that will guide the development of
exsrcises through which children will learn the aignii‘icancosz
of numbers rather than the manipulation of abstract symbols.

This importance of learning theory to the teaching of arithmetic
is emphasised by Lankford:

e o ¢ the effective teacher of mathematics encourages
creativity by helping pupils discover the basic laws, or
principles of mathematics; he aims for understanding ahead
of skills of operation; and he seeks to give students the
stimulation t comes from accepting and realising worth-
while goals.

In setting forth the important elements in an effective arithmetic

program (Grossnickle lists:

1, The nature of the subject is such that it has a cultural
values it is structured; properly taught, it leads to unique
quantitative ways of thinking; and it is basic to the further
study of mathematics,

2. A program for the learning of arithmetic should recognize
such factors as the mental hygiene of the classroom, adequate
records for guidance, provision for optimum individual growth,
use of materials, and ability to read quantitative statements.

3¢ A specific course in the background of mathematics is
recommended as essential in the training of teachers of
arithmetic,

The basic understandings needed, opportunities to create, and

emphasis on meanings rather than drill are also advocated by Jones:

52\my Jo DeMay, Quiding Degimmers in Arithmetic. Evanston: Row,
Peterson and Company. 1957. Pp. IX-X.

SBPrands Ge Lankford, Jr., "Implications of the Psychology of
Learning for the Teaching of Mathematics,® The Growth of Mathematical
Ideas, Twenty-Fourth Yearbook., National Council of Teachers of

ematics. Washington: The Council. 1959. pe LOSe

5"‘Fo.‘t'.or E, Grossnickle, "Introduction.® Instruction in Arith-
metic, Twenty-Fifth Yearbook of the National Council of Teachers of
Mathematics. Washington: The Council. 1960, p. 3.
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le The best learning is that in which the learned facts,
concepts, and processes are meaningful to and understood by
the learner,

2., Understanding and meaningfulness are rarely if %all or
none® insights in either the sense of being achieved instan-
taneously or in the sense of eubrgging the whole concept and
its implications at any one time.

The foregoing has been presented in support of a method of
teaching arithmetic which would emphasigze understandings, insights,
creativity, and cultural utility; and which would give no emphasis
to drill methods, repetitious problem solving, and meaningless memoriga-

tion.

Current literaturs regarding present practices in teaching

arithmetie, To review all the studies regarding present practices in
arithmetic instruction would be far beyond the scope of this study. We
have selescted those that appear to be of significance and that are
representative of the general trends in teaching for meaning and under-
standing, Glennon has stated the present condition of arithmetie
research rather well as he points out that ‘thoro is much research about

what can be taught and little concern about what should be taught.sé He
states:

Prior to 1900 the curriculum was determined by:

5Sl’h:l.ll:i.p Se Jones, "The Growth and Development of Mathematical
Ideas in Children,® The Growth of Mathematical Ideas, Twenty-Fourth
Yearbook of the National Council of Teachers of Mathematics, Washington:
The Council, 1959, pe 1.

56vincent Jo Glemnon, *Editorisl? Educational Lesdership.
19135456, 1962.
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1, The need for mathematical training by society.

2. The need for the subject to be taught as a system of
related ideas.

3¢ The present emphasis is on the needs of the (:hild.57

The author continues that all these erxphases have drawbacks,
there is a need for balance in the curriculum and that ™ . . o
modernizing the school ggggram is one way of changing the method
as well as the content,

Further support as to the disorganized state of arithmetic researeh

is offered by Hartung:

Instructional programs in arithmetic include a layer of ideas
and practices accusulated through the years. Examined critically
e ¢ o from the point of view of learning theory « « o they are
seen to be questionable either on mathematical grounds or on
psychological grounds or both . ¢ ¢ much confusion arises between
means and ends. Computation for its own sake is fruitless o « o
but essential to problem solving. « « ¢ I see great possibilities
for improvement in arithmetic instruction if we are willing to
acknowledge that some of our teaching has been superficial at
best. The remedy is not more drg;l, but deeper insight as to
what is really basic srithmetic.

The need for a culturally significant and useful arithmetie
curriculum is brought out by Cook:

Arithmetic is undoubtedly one of the more poorly taught
subjects in the elementary schools Educators may question
whether present demands in mathematics are in focus with
other areas of the curriculum, but we must recognize the
needs of our youth in the world in which they will live.

A reappraisal of our approach to arithmetic in the elememtary
schools, of the coordinsgtion with the mathematics program in
the secondary schools, of the preparation of teachers, and

S7Ho’ Pe 5‘4.

*®1bide, pe 55

5 9Mmrice L. Hartung, "Distinguishing Between Basic and Supere
ficial Ideas in Arithmetic Instruction.® The Arithmetic Teacher,
6:65-7, 1959.
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of the place of inservice programs in the school system is
imperative ifégo are to meet the demands facing us at the

present time,

The need of a prbgru designed to build meaningful mathematical

concepts of cultural and social significance is emphasized by Suelts,61

}hdden,62 l"lournay,63 Breuckner,é," and Browmll.65
Sueltz offers a fine "time chart® of the development of arith-

metic instruction and the factors influencing the development of

arithmetic texts:

1850 = 1890 "Faculty" psychologye.
*Iraining® of the mind.

1900 = 1920 Principles of learning.
Motivation and readiness,
Exercise, effsct, threshold of learning,
over-learning,

1920 - 1935 Readiness.
Exercise.
Drill,

1930 - 1950 Progressive education.

Satisfyingness, peer group.
Whole child.

60pgymond F. Cook, "Improving Arithmetic Instruction,"
National Elementary Principale 38137-39; 1959.

6lpen A, Sueltz, "Arithmetic in Historical Perspective.®
National Elementary Principal, 39:12-16; 1959.

62pichard Madden, "Major Issues in Teaching Arithmetic,®
National Elemsentary School Principal, 39:17L; 1959.

63Frances Flournay, "Relating Arithmetic to Everyday Life.®
National Elementary Principal, 39:294; 1959.

6hIAao Je Breuckmer, "Testing, Diagnosis, and Follow=Up in
Aritimetic.® National Elementary Principal, 39:33L; 1959.

5w111an 4, Brownell, "Arithmetic in 1970.% Nationsl Elsmentary
Principal, 39:l42-lLL; 1959.
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1950 Child development understandingse.
Msaning, action research,
Discovery learning.
Multisensory ].n.m.’mg.66

So,olt-s continues:
Arithmetic will advance as teashera develop an insight into
the subject matter and its significance and as they learn more
and more about the boys and girls they teach and how the human
. minds, bod%,s, and emotions combine in the behavorial learning
situation,
In considering the characteristics of a good arithmetic program
Suelts advises:

A teaching process through an inductive-deductive cycle (in
which) ¢ ¢ o new concepts are introduced in a socially
significant situation, developed in their mathem&cal ssquence,
and returned to socially significant application.

Mesthods which would teach arithmetic for understanding make it
nscessary to present the structure of the number system., This is
emphasised by Brueckner.

It is generally agreed that children must understand the

munmber system, They must also understand how the number 5
system operates in the performance of number operations, 9
The emphasis on sound mathematics as basic to arithmetic programs

is supported by Lundberg’® and Wilsberg.!t

668\1‘1*:2’ 22. E‘t_u, Pp. ]5"16.

T iq.

68Ibid.
69

70Ha.zel Lundberg, "Mathematics in Elementary School,®

Educational ILeadership, 19136li-68;1962.

Breuckner, loce cit.

TlMery E. Wilsberg, "Freeing Children in Primary Arithmetic.®
Educational Leadership, 19:352«63 1962.
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There are many isolated studies which support teaching methods
employing meaningful application of mathematics, as pointed out at the
begimning of this section. Some of the more outstanding are those of
Stone, T2 DeLong, > Langer, ¥ and Miller,”> in which meaningful methods
generally gave favorable results, Langer emphasized the dependence of
significant technological advances on mathematics.

There have been a few studies recently reported showing the
relationship of time in class to achievement, Daugherty, in a etudy
conducted in the DesMoines Pudblic Schools, found a fifty minute class
favorable.’® Denny!! also showed an increased time allotment as
contributing to greater achievement.

Changing methods of teaching arithmetic have prompted some
studies in regard to evaluation procedures., Breuckner offers six

T2)grehall H, Stons, "Fundamental Issues in the Teaching of
Elementary School Mathematics.® The Arithmetic Teacher, 6:177-79; 1959.

73Arthur Re Delong and Richard M, Ch rk, ™Developing Creativity
in Arithmetic,® The Arithmetic Teacher, 6:208; 1959.

ﬂ‘Rudolph E. Langer, ®*To Hold As't Were the Mirror up to Nature;
to Show the Very Age and Bcdy of the Time.® The Arithmetic Teacher,
61289-9L3 1959,

5.H, Miller, "How Effective Is the Meaning Method?® The
Arithmetic Teacher, ﬁzh5—h9; 1957,

76Jma Lewis Daugherty, "A Study of Achievements in Sixth Grade
Arithmetic in DesMoines Public Schools,® doctoral dissertation as
reported in Analysis of Research in the Teaching of Mathematicse. United
States Department of Health Education and Welfare, Bulletin Number 8,
Washington: U.S, Office of Education, 1900.

"Thobert Ray Denny, "A Two~Year Study of an Incressed Time Allot-
ment Upon Achievement in Arithmetic in the Intermsdiate Grades, doctoral
dissertation as reported in Analysis of Research in the Teaching of
Mathematics, United States Department of Health Education and Welfars,
Bulletin No. 8. Washington: U.S. Office of Education, 1900,
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criteria to be considered in a testing program to be used in connection
with meaningful teaching procedures:

le The selection and clarification of objectives.

2¢ The determination of the rate of growth,

3¢ Provision of a basis by which teachers can set up educa=
tional experiences adopted to the needs and ability of the learners.

he Motivation and guidanee of learning, especially by helping
children to evaluate their own responses and behavior,

S5e The location diagnosis and treatment of learning
difficulties,

6., Bases for coordinating improvement programs in related

fields c%h as arithmetic, reading, science, and social
studies,

He adds five basic steps to aid in evaluation:

l, Formmlating general and specific objectives,

2o Defining objectives in terms of pupil behavior,

3¢ Designing and selecting suitable means of appraisal.

ke Securing a record of behavior and performance,

5. Interpreting and evaluating the information secured. '’

OGrouping has received some attention as offering a possible

solution to differences of ability. ILerch reports:

Ability grouping as it has ordinarily been used does not solve

the problem of providing for individual differences in arithmetic.

The mere grouping of pupils with similar characteristics 8%ou
little toward improving the teaching-learning situation,

788roucl:ner, ope cite, pe 33ke

P 1vid,

80Harold lerch, "Inter-Class Grouping for Arithmstic Instructione
Critique and Criteriae® The Arithmetic Teacher, 8:L406; 1961,
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A program of grouping based on individualised teitbooks in which
students corrected their own work, progressed at their own speed, and
were instructed during individual teacherepupil conference periods was
tried by Whitaker. Suecess seems to have been measured by the amount of
text eonrod.al

This review of present practices would be incomplete without
references to the studies being conducted on content, or what it is pos-
sible to teach rather than why it should be taught, as pointed out
previously, The Sechool Mathematics Study Group has prepared materials
for grades four to twelve relating to pure mathematics under the support
of the National Science Foundation, These materials are being tried in
soms areas on an experimental basis, Preliminary reports seem to indi-
cate that students accomplish about the same achievement in SeMeSeG.
classes as regular classes, There was no indication given as to time
students spent in class, teaching methodology, or as to whether these
materials should comprise the total arithmetic program of the
curriculum, 82

Other current experiments include that of Suppes 83 in teaching
"Sets and Numbers®, Stanford University, California, "Geometry in the

81 dalter L. Whitaker, "ihy Not Individualise Arithmetic?® The

Arithmetic Teacher, 8:402; 1960,
62 ®School Mathematics Study Group * Newaletter Noe. 10, Island
Stanford University, 1961, See also, Fred J. Weaver, "The School Mathe=
matics Study Group on Elementary School Mathematics,® The Arithmetic
Teacher, 8:32~35; 1959,

83 wInprovement Projects Related to Elementary Sehool Mathematics-

A Selected Listing," Unpublished mimeographed material., Lansing:
Michigan Department of Public Instruction, 1962.
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Primary Grades® being conducted by Hawley also at Stanford University,Sd
the University of Illinois Arithmetic Pro,ject"es and the Syracuse

University "Madison Pro;]ec‘l'.."86

These studies are concerned with
teaching pure mathematical content and not with a total arithmetie
carriculur. They are examples of the ™what-can-~be=taught® studies
pointed out by Glennon,

In contrast to the studies listed above, it was the purpose of
this investigation to design an arithmetic program that would take into
consideration the problems reviewed in this section: (1) offering a
meaningful presentetion of mathematics; (2) providing for individual
differences; (3) structuring so that it could be accomplished in a
minimm of class time; (L) teaching only the mathematical theory that
was needed to adequately explain the arithmetic content of grades five
and six; and, (5) enabling students to show significant achievement on
standardized achievement tests at these grade levels,

8hmpia,

851piq,

86114,






CHAPTER III

DESCRIPTION GF THE TWG METHODS
USED IN THE STUDY

It is not the purpose of this theeis to present in detail all the
materials used in the teaching of the arithmetic program during the
year of this study. Representative lesson plans appear in the Appendix,
This chspter will be concerned with a descriptive comparison of the
experimental and routine classroom procedures. The experimental
description will contain: (1) the method of presentation of the mathe-
matical concepts taught; and (2) the developmental processes used. The
routine classroom procedure will contain an analysis of interviews with

the teachers of the self-contained, or routine, classroom situations.

The experimental method was concerned with concepts to be pre-

sented to the students as important mathematical ideas of social
significance, These wers selected arbitrarily by the experimental teacher
as representing the arithmetical materials which the students were
required to cover during the course of the year as prescribed by the
existing curriculum of the school system, Topics from pure mathematics
that would offer sound mathematical explanation for this material were
added. OCne concept was presented to the students each week in a dis~
cussion period, Students were not told how to solve problems, but were
encouraged to create and investigate ways of doing this. A 1list of the
concepts presented and the approximate time spent on each appears in
Table I. The same concepts were presented to both fifth and sixth grades

at the same time during the year in the sequence indicated on the table,
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CONCEPTS TAUGHT IN GRADES 5 AND 6

TQPIC

My Own Number System

Egyptian Number System

Greek Number System

Roman Number System

Hindu Arabic Number System

Linear Measurement

Square Msasurement (area)

Dry Measurement (volume)

Weight

How We Can Add

How We Can Subtract

How We Can Multiply

How We Can Divide

Place Value as Powers of a Base

Other Bases (7 and 12)

Time (and Base 60)

Modular Arithmetic (calendar)

Centuries

Temperature

Averages

Data

Graphs (line)

Graphs (bar )

Graphs (area)

Decimals (asz extemsion of
place value)

Rounding and Estimating

Big Numbers (as powers of 10)

How to Add, Subtract, Multiply
and Divide Fractions)

Cancellation

Accounting

Finding Wholes from Parts

APPROXIMATE TIME

HEMHWN
ss s s
%%ﬁ-§§£—§

1 week

weeks

1 week
1 week
1 week
1 week
1 week
1 week
1l week
1 week

1 week

1 week

1 week

About 2 to L weeks, Taught at
one time all four processes,

1 week

1 week

1 week

—
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Table II indicates the general structure of each weekly lesson.
The teacher acted as a resource person during the class. The text was
used as a reference book, In addition, other reference materials were

supplied as students requested them. When children asked for suggestions
about locating materials, the teacher helped students to find thess.
Since much of the pure mathematics needed by the students was not found
in published materials, these were written for the students by the
teacher, These appear in the Appendix to this study.

At all times the student chose the method he would use in pre~
senting evidence of his understanding of the concept for the week,
Students were not given assignments to complete. The only requirement
was that each would demonstrate his understanding of the concept under

consideration,
TABIE II
WEEKLY ROUTINE OF EXPERIMENTAL CLASS

MONDAY: Presentation of Concept by teacher in discussion periode.
Children discuss: (1) what they already know regarding con=
cept; (2) how to find additional materials; (3) what each
individual can do to produce tangible evidence of his
understanding of concept.

TUESDAY) Children are free to work in groups or individually in the
WEDNESDAY) area under investigation for the weeks The experimental
THURSDAY) teacher acts as resource person,

FRIDAY: Children are presented problems in a series of increasing
difficulty. These contain selections from the four arithe
meticel processes. Children are requested to work as many
as they can during the class time, These are taken up,
corrected by the teacher and generalizations discussed
with the group as a whole,

——
——

The tangible and conceptualized presentation was intentionally dew
signed as a methodology which would attempt to accomplish the existing
arithmetic curriculum in a minimum of time without the use of rote learming
techniques, The intents was to increase understanding and to decrease the
amount of paper=-and-pencil work by both students and teachers, This
seemed desirable because of the recent additions of content courses of

elementary curricula, Chapter II pointed out the relationships between
such a methodology and learning theory.
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It was &lso felt that the elementary arithmetic curriculum shounld
meet the needs of: (1) the student who may leave school at age sixteen,
and; (2) the student who will pursue a career in mathematics. The former
meeds a mathematics program to provide him with a cultural tool for daily
living; the later, needs a sound theoretical foundation that will furnish
a sequential background for secondary mathematics., The tangible and con-
ceptional presentation was designed tc present mathematical theory in a
simple manner to the whole groupe Each child then took the concept and
produced tangible evidence of his understanding, In this manner, slow
children were permitted to produce tangible evidence at their own level;
academically talented students were permitted to produce evidences
repregentative of their intellectual levels The burden of proof of under-
standing rested at all times with the student, Details of the mathematical
theory taught are presented in the Appendix,

The procedure for teaching the experimental class followed a very
definite pattern, Since the classes were conducted in two buildings, a
careful time schedule had to be followed. The experimental teacher entered
the building, taught the class, or classes, and left. The regular class-
room teacher stayed in the room and observed the experimental classe. This
teacher was prohibited from teaching any additional arithmetic at any other
time, and from assigning arithmetic as "seat work®™ or for “discipline®,

At the end of the thirty-five minute experimental class period,
the experimental teacher left the room and travelled to the next school.
This made it impossible to give any extra help to slow learnmers., It
also prohibited correlation of the arithmetic program with other subject
matter areas, Students were requésted to stop working at the end of the

thirty~-five minute class., Table III contains a sample lesson.
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TABLE III

DESIGN OF SAMPLE LESSON

YOUR OWN NUMBER SYSTEM

This lesson is designed to help children understand that a number
system is an orderly sequence of symbols used to express quantity. Often
students become so accustomed to counting and doing arithmetic by rote
that they do not realise how a number system functions. Say to the
children:

"Forget everything that you ever knew about arithmetic., For-
get how to make numbers and how to do problems, Now pretend you
are living many thousands of years ago and that you are in need
of keeping track of something, This is really one of the most
important uses of arithmetice « ewriting down amounts of things
by using symbols. We call these numbers and numerals.®

(Do not go into the "number and numeral®™ question at this point, Use
terms the children already understand, This may be introduced as an
ocutcome of the lesson, however, Point out that it is easier to
manipulate numerals rather than things to figure something, For
instance, Af a farmer has a large flock of sheep and buys and sells some,
bhe can simply use a numeral to represent the total flock and add and
subtract other numersls to represent the amount he buys and sells, This
is easier than bringing them all together everytime and counting them,)
After developing these or similar ideas contimue:

"After you have forgotten all the arithmetic you ever knew,
pretend that you want to figure something out or keep track of
something, Make up a mumber system and do this in your system.®

The children will probably make rather simple symbols such as:

1, | i il Just marks are typical of a l-l
relationship,
2¢ (o E E This type of symbol is really l=l

relationship also,
3. & $ Cé Sometimes children will use ideas
like those in the text,
he ﬁ ﬁ' é Symbols like these are vague,
Children need help in seeing that symbols, or a system of
numeration should be:

l. simple
2. oconvenient
3¢ useful

After they have invented a few symbtols, let them work some problems
in their own system. FHelp them to simplify and improve their system,
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TABLE III - (Continued)

YOUR (WN NUMBER SYSTEM -~ RESUME OF LESSON

le. Discuss arithmetic as a way of keeping track of thingse

2, Introduce the idea that our numbers are a system of symbols
that express amounts.

3. Have children make up their own number system.
4o Let each child work problems in his number system,

Se Discuss how the number systems of the children work, Lead
them to conclude that a mumber system should be:

1, simple
2 useful
3, convenient

(It is best to have children "forget everything that they ever knew about
how to do arithmetic® in order to do this)

REFERENCES

Smith, David E,, and Jekuthiel Ginsburg, Numbers and Numerals,
Washington: National Council of Teachers of Mathematics, 1959.

Swith, David E., History of Mathematics. New York: Gin and
Company, 1951.

Batchelor, Julie Forsyth, Communication: from Cave Wri to
Television. New York: Harcourt Brace and Wworld, Inc. 1953,

Hogben, Lancelot, Mathematics in the Making. Garden City:
Doubleday and Company, 1960.

» The Wonderful World of Mathematics. Garden City:
Doubleday and Company, 1955,

Mueller, Frances J.,, Arithmetic, Its Structure and Concepts.
Englewood Cliffs: Prentice s InC.y 1956,
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Specific procedures of the experimental class are listed in Table IV.

1.
2,
3.
ke
Se
6o
Te

8
9e
10,
1,

12,

TABLE IV

PROCEDURES USED IN EXPERIMENTAL CLASSES

Class time limited to 35 minutes per day.

No ability groupinge.

No home work.

No individual help for "slow learners,®

No assignments were given that required students to finish.

No direet coordination with other subjects,

No time spent outside of class on arithmetic such as recess or
after school,

No arithmetic given as ®discipline® or “busy work®,

No drill,

No Wstory problems® from text worked.

No attempt was made to work any problems in the text; other than
those used as refsrence and resource,

Students worked problsms and handed them in once a week only,
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In general the class routine was one which: (1) presented an idea
or concept to the students; (2) gave them opportunity to investigate it;
(3) gave them opportunity to react to it by producing some tangible evi-
dence of their understanding of the concept; and, (L) gave them an idea
of the progress that they would be making were they in a routine text.
This was done by giving them a set of problems once a week in the four
arithmetical processes which were structured in a series of increasing
difficulty, This was felt necessary for the following reasons.

l, Patrons of the school wished to know ™what page in the text
their children were on.® It was felt necessary to show them that the
students were able to do the routine text materials although they were
not using the text as such,

2. The children wanted t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>