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PREFACE

The status of the elementary teacher with reference to his pre-
paration and ability tc teach arithmetic, in the opinions of many
writers in the field, reached a low ebb after World War II. Through
the efforts of many people and many agencies, conditions have im-
proved and are still improving.

Identifying the concepts and processes of mathematics needed by
an elementary tescher in teaching elementary arithmetic seemed to be
necessary in order that the conecepts and processes might be emphasized
in the teachers' training. It was hoped that this study would aid in
the training of the teachers of elementary arithmetic.

Profound gratitude is expressed to Dr. James H. Zant, Professor
of Mathematics, whose inspiraticn, guldance, aund patience have made
this study possible.

Appreciation is expressed to Dr. James W. Richardson, Professor
of Educatién, for his counselling and helpful suggestions throughout -
this ﬁiud“ol Sincere gratitude is expressed to Dr. James E. Frazier
for bis interest and helpful suggesbtions.

The vriter is indebted to the many elswentary school principals

who supplied the names and addresses of so mauny good teachers.

The writer is also indebbted to the experts and elementary teachers

who contributed tc thisg ivvestigation by giving their time and

opinlons in answering the questicnnalrs.
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CHAPTER I
THE FROBLEM

The purpose of this study is to identify the comeepts and
processes .of mathematics needed by an elementary teacher. to teach

arithmetic adequately in grades one to sixz,
Imporu ce

The preparation of an elementary teacher is multiphasic_ih-its
specific demands and general in that it covers most of the areas of
& liberal education. A liberal education is & necessity for every
teacher..

For the teacher, however, being well educsted is a necessity.
Without it, the teacher cannct interpret any field of knowledge in
its proper relationship tc the whole of sociebty. And without it,
the teacher will not be respected by & society which is itself be—
coming increasingly well educated. :

Most elementary teachers are assigned a grade to teach and are ex-
pected to teach one group of students all subjects throughout the school
- year. The teacher must know well the subject matter of the particular
grade in which he is to teach, and he should know what has preceded as
well as that which is.to follow.. Modern psychology has shown that the
child should be developed into & well integrated individual. Then the

teacher must know. the past, work in the present, and plan for the future

1 w. Barl Armstrong, "The Teacher Education Gurrlculum "..The
Journal of Teacher Education, VIII (September, 1957), 235-236

1



for each and every child in his class.

It must be remembered that the mathematical concepts, skills, and
quantitative undersiandings that the students acquire can be no better
than those possessed by their teachers. Hence, teachers must strive
constantly to increase their own understandings as well as to search for
more "know how" for effective teaching. 2

Instruction in mathematics should place emphasis on the dévelopment
of a vocabulary of mathematical terms as well as on understandings.
Most of the vocabulary difficulty in msthematics is caused by a lack of
understandlng of technical terms, such_ as, exponent congruent, eguation,
numerator, denominator and percentage. '

The“prqblem of what constitutes adequate training for the elementary
school teacher is broad and -has meny ramifications, It is impractical to
attack this problem in its.entirety. Hence, the problem must ‘be limited.
To teach arithmetic adequately, the elementary teacher must be familiar
with certain concepts and processes of mathematics,-“

If you'éhould_wiﬁh;to qualify for such a position (elementary
teacher of arithmetic), the main requirement would be that you "under-
stand” arithmetic. You cannot teach what you do not know. Here is the
arlthmetlc that you Would have to teach in the first six grades

(l) Basic concepts, procesqes and vocabulary of arlthmetlc, (2)
our decimal system of numeration, including the concept of decimal
fractions; (3) computation, whole numbers and common and decimal
fractions; (4) principal units of measurement for everyday use; (5)
solution of problems involving computation and units of measurement;

(6) identification of geometric figures; (7) use of 51mple graphs, (8)
estlmitlon and checklng of anqwers to problems. T
Additional examples are given in Chapter II, pages 13 to 16, concern-

ing the importance of mathematical concepts and processes to the elemen-

tary teacher.

2 Improvement of the Teachlng of Mathematics, Oklahoma State Depart-
ment of Education, 1957, D. 6k.

3

Ibid., p. 68.

b "guidance Report of the Commission on Post War Plans,"” The
Mathematics Teacher, XL (November, 19k7), 324.




Festherston and Hull5 state that research does not
« « o throw mich light on the problem of which qu01flc concepts should
be included in teacher education courses. It sheds no light at all on
the most desgirable ways of teaching these concepts. In short, it seems
from the 1955-56 research that the important specific understandings
in mathematics that should be included in the teacher educatlon program
have not been determined.

Thus, since the conceptS'anﬁ procegses of elementary,arithmehic
must be used in teaching for understanding and meaning, they must first
be identified. The teacher must know and understand the concepts and
processes which he is to teach or else he will be poor and inefficient.

Hence, the identification of these concepits and processes is most

important for the teacher.
Need for the Study

Many articles have appeared giving the shortcomings of the teach-
ing of arithmetic. A test of over one thousand ninth grade pupils in
three eastern states showed extreme weaknesses in all but the most simple
examples. of computation, problem sclving, understandings,and‘judgments.6
Almost identical failings were shown in a test given to one thousand
freshmnen in college.

The ev1dence p01nts clearly that we are not achieving functional
competence in arithmetic at the elementary &chool level, at the junior
high level, and. at the senior high school level.”

Many pupils not only fail to learn the processes and concepts of

arithmetic, but stop taking mathematlics as soon as possible. Some of

5 E. Glenn Featherston and J. Dan Hull, Analy51s of Research in
the Teaching of Mathematics, 1955 and 1956, U. 8. Department of Health
Education and W Welfare, Office of Education, p. 20.

6 Ben A. Sueltz and John W. ‘Beredick, "The Need for Extending
Arithmetical Learnings," Mathematics Teacher, XLIII (February, 1950), TL.

T 1vi8,, 72.




the main reasons for the drop-outg point directly to the teaCherso8
Glennon9,reports the following in a doctorasl study at Harvard Universi-
ty in 1948: A test consisting of 80 items on basic understandings was
given to three groups of students and teachers of eigmentary arithmetic.
The group consisted of 14 freshmen at the time of entrance into college,
172 seniors just before graduation, and 160 in-service teachers at the
end of a school year. All had indicated thaﬁ they wanted to becoms
elementary teachers or were. already elementary teachers..

Some .of the items on the test and apparent degree of difficulty
follow. - An easy item was: Changing the order of addends in,an.additibn
example dees not change the value of the answer. An item of medium
difficulty was: Dividing the dividend and divisor:-by ten does. not
change the value of the angwer (Jquotient). One of the most difficult
items in the test was: A digit in the unite® place represents a value
one-tenth as large as the same digit in the ﬁens“ place.

The average number of items correctly answered by the freshmen was
35.45 and'the per cent of totbal {&O) was 44.31. The average number of
items correctly answered by the seniors was 34.19 and the per cent of
the total was 42.73. The teachers worked correctly an average of 43.01
items or 54.77 per cent of the total. |

These findings seem to suggest several aspects of needed redirec-
tion in the program of in-sgervice development of teachers of arith-
metic. Curriculum revision of the professional courses must be con-

cerned with emphasizing the subiect matter as well as with the prineiples
of teaching the subject matter .0

8 Henry S. Dyer, Robert Kalin, and Frederic M. Lord, Problems in
Mathematical Education (Priunceton, 1956), p. 3.

9 Vincent J. Glennon, "A Study of the Growth and Mastery of Certain
Basic Mathematical Understandings of Seven Educational Levels,"
Mathematics Teacher, XLII (December, 1949), 389-396.

10 1pid., 395.



Research shows that there is a lack of understanding of meanings
in elementary arithmetic by the teschers. Regearch further shows that
many teachers are weak in mathematical processges such as compubation,

problem solving, and judgoments. Alsc, s great nomber of elementary

-

teachers exhibit an unfavorable attitude toward avithmebic,

Thus,
there is a need Tor the identification of the concepts and procesoss

of mathematics.

o
i)
0
£,
[

wphiong

The basic assumpbions for this stuly are as follows:

o

1. Meeting various classrcom situations which reguire making deci-
sions concerning the use of text material reguires an understanding of
the concepts and processes of mathematics on the part of the elementary
teacher.

2. To teach arithmetic adequatély for pupil learning with meaning
and understanding, the teacher must himself understand the underlying
mathematical concepts and processges.

3. Elementary tescher needs, lnvolving concepts and processes of

arithmetic, are of prime importance in their training.

Hypothesis

The consensus among the experts who best know the field of arithme-
tic and its teaching regarding the concepts and processes needed by an
elementary teacher for adequacy in the classgroom can be identified and
stated as catagories which can be used as criteria for planning a pro-

gram of preparation of elementary teachers for giving effective

llW H. Dutbon, "Attitudes of Prospective Teachers Toward Arith-
metic," Elementary School Jourzmal, LII (9etober, 1951), 84-90.




instruction in arithmetic.
Definitions of Terms

Certain terms need Lo be defined with reference to their use in
this paper:

Concepts are the elements of kmowledgs. Comcgpﬁ&_as,used-here are
~1denb1f1ed by mathematical terms which are used by the teacher or text-
book to develop the child 1n.his mathematical understgnding, thinking,
and reasoning. If a term has quaptitatbive or spatial signifigaﬁce, it
is included as a concept, | |

Process is an operation, a course of procedure, a seriesgéf actions,
motions, or operations definitely conducive toc an end. |

By process is meant the way in whicsh the learner bpérateS'in order‘v
to attain certain learning products. Process refers to the way in ,
which one learns. But it, alse, has a larger significance because pro-
.cess, a way of learning, ltsell beccmes established and a particular way

of learning with its congequent meaning for a way of attacking new pro-
blems is often as important to the individaal as the particular produ'ct..l2

Plarn of Study

Erelimiﬁary.identificamion of concepts and procesées was-made oh a
freqnencytof.occurrence baglis from a number of selectéd eleﬁeﬁﬁgry arith-
metlc begtbqoks; The concepts and processes were,uséd to fdfﬁhlate a
qpestionﬁéire which was sent to‘a‘selected group of college teachers in
mathematics and mathematics ed.ucé,ticn° The questionnaire was also sent
to a muchvla;ger group_of seleéted elementary teachefs. The final selec-

tion of concepts and processes was based upon the lmportance attached to

12 G. Lester Anderson and Arthur I. Gates, "The General Nature of
Learning;" ‘Learning and Instruction. Forty-ninth Yearbook of the
National -Society for the Study of Edueation, Part I (Universmty of
Chicago, 1950), ppv 27-28. -




each item by both dhe experts and the elementary teachers as shown on
the questionnaire.

Percentages were glven for each item according to the three check
spaces on the guestlonnaire. An average was figured betwesn the teachers
and experts. This average was used to debermine the importance of the
concephs and processes. An average rating of sixty per cent or higher
in any check space was used to determine its importance. If none of
the three check spaces received a sixty per cent or higher rating, then
a combination of two gpace ratings was used to determine the lwportance
of the ccncept or process. A sixty per cent or higher rating in any
check sgpace indicates a good majority. Also, & low rating by one group
would necesgitate an extremely high rating by the other group to have a

rating of sixty per cent.



CHAPTER II
PARTTAL REVIEW OF RELATED LITERATURE
Introduction

The objectives of this chapter were: (1) to show the changes
which have taken place in the teaching of mathematics over the past
half century, (2) to emphgsize especially the latest theories of
learning as related to mathematics, (3) to relate these to the present
study, and (4) to indicate the plight of the elementary teacher.

It seemed advisable to digcuss the theories of learning which have
v_éffected the changes in the teaching of arithmetic. Thorndike's
§sychology led to the "drill" theory of learning in mathematics. The
field theorieé of learnihg which stem from the Gestalt péychology led
to the "meaning" theory of learning in mathematics. Meanings and under-

standings are the essence of the '"meaning" theory. The meanings and

understandings of the concepts and processes of arithmetic are impor-

tant in the training of elementary teachers. Lists of mathematical

concepts and processes have been made, but few attempts have been made

to determine the importance of them. The purpose of the present study
has been the identification of the concepts and processes of arithmetic

needed by elementary teachers.

The demand for elementary teachers since World War II has been so
great that many unqualified teachers have been certified to teach. The
requirements which were of necessity relaxed have been gradually

brought back to normal and have been raised generally throughout the

8



country.
Learning Theories in Mathemabtics

Too little ig known about how children learn in mathematics.
Psychology has made great progress in many fields, but litble in msthe-
maticsal Some discussion of two general theories of learning is given
in order to describs the development and application of learning
theories in methematics.

Learning theories fall ivtc two major families: shtimulus-
response theories and cognitive theorieg, bub not all theories belong

to these two familiss.*.

Stimulus-response Theories. The stimulus-response theories of

Edward L. Thorndike and his followsrs have dominated learning for over
half a cenbury. The laws of lesrning: (L1} effect, (2) readiness, and
(3) exercise which Thorndike first promulgated had a great influence
upon all education. He later made fundamental revisions in the laws of
exercise and effect. However, the law of exercise had made its impact
upon the teaching of mathewatics in the form of the "drill" theory.

Transfer of learning, alsse, played a part in the early mathematics
program. It was given as a reason for studying mathematics. Discipline
of the mind and transfer were prachtically synonymous. The study of
mathematics, Latin, and Greek afforded the necessary discipline to carry
over into any profession.

Thorndike digagreed with this idea of transfer of learning. He ex-

plained transfer by what he called identical elements in the different

; Henry S. Dyer, Robert Kalin, and Frederic M. Lord, Problems in
Mathematical Education (Princeton, 1956), p. 4.

2 Ernest R. Hilgard, Theories of Learning (2nd ed., New York, 1956),

p. 8.
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gituations. Similar elements would carry over from one learning
situation to another, thug helping to effect a solution to a new
situation.

Glennon and Hunni cubt3 reported that gumerous studles which were
made earlier in the century have shown the effect of meaningfulness of
the material being learned on the facility with which it is learned and
on the pérmanance of learﬁing. The studies reported by MclLellan and
Deweyu in 1895.and Thorﬁ@ike5 in 1922, writing specifically on the
psychology of_arithmetic;‘stressed the importance of teaching for mean~
ings and understandings.6 Thelr writings, however, were often misine-
terpretea and in general 4id not bring about asny significant change in
methodology from drill teaching to meaningfﬁl teaching.

McLellan and Dewey issued The Psychology of Numbers in 1895 ...

It taught us . . . the importance of the whole. The authors said In
substance, let us begin with wholes, because they give significance to

parts. Let us not believe that we should begin with parts and thal the
pupll can in some way pubt them together to meke meaningful wholes.

Thorndike seemingly tried to change to emphasis on meanings, but -
the drill method was too well established.

Field Theories. The cognitive or field theories of learning stem-

3 Vincent J. Glennon and C. W. Hunnicutt. What Does Research Say
About Arithmétic? Association for Supervision and Curriculum Develop-
ment, A Department of the National Education Association (Washington,

1953), p. 12.

4 James A. McLellan and John Dewey, The Psychology of Numbers
(New York, 1916).

> Edward L. Thorndike, The Psychology of Arithmetic (New York,
1922), p. 19.

6 Edward L. Thorndike, New Methods in Teaching Arithmetic (New
York, 1921), pp- 58-59.

T B. R. Buckingham, "Significance, Meaning, Insight - These
Three," Mathematics Teacher, XXXI (January, 1938), 26.
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from the Gestalt psychology.

Field. theory claims that learning is not so much a matter of
establishing connections between stimuli and responses as it is of
finding patterns in the stimuli perceived, "that is, seeéng some sort
of organization and meaning in the field of experience.

Structurlng and understandings, or insights, are basic to this
type of learning. Thinking is reorganlizing understandings, experiences,
and facts to effect a solution to & problem.

McConnell? stetes:

On the contrary, it is part and parcel of & theory of lesrning
which stresses organization rather than discreteness, understanding
rather than memorization, and exercise of the higher mental processes
rether than dependence upon lower-order habits.

The field PuyChQJOng+ thwakp in ‘terms of the organization and
systematlc arrangement of the whole rather than in terms of elements set
out in unrelated, disconnected form. Wholes are organized structures of
parts rather than a mere collection of parts and are more than the collec-
tiaon of all the parts.lo

Practice definitely has a place only after understandings have been
developed. The function of practice is to increase efficiency of per-
formance in operations which are already clearly understood. The struc-
ture of the number system and the systematic character of number rela-

tions should be enhanced through the drill program.ll

Furthermore, present learning theory stresses the importance of -
meanings throughout the whole range of number operations in addition to

8 Dyer, Kalin and Lord, p. 7.

g T. R. 'McConnell, "Recent Trends in Learning Theory," Arithmetic
in General Educafilon. Sixteenth Yearbook of the National Council of
Teachers of Mathematics (Columbia University, 1941), p. 276.

10 G« 1. Buswell, "The Psychology of Learning in Relation to the
Teaching of Arithmetic," The Teaching. of Arithmetic. Fiftieth Year-
book of the National Society for the Study of Education, Part II (Univer-
sity of Chicago, 1951), p. 1lh6.

11 Tpid., p. 147.
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continued insistence on competence in com.pu.tation.l2

The "meaning” theory of teaching arithmetic which grew out of the

"field" theories of learning was first promulgated by Brownelll3 in

1935.

The "meaning" theory conceives of arithmetic &g a closely kunit
system of understandable ideas, principles, and processes . . .. The
true test (of learning) is an intelligent grasp upon number relations
and the ability to deal with arithmetical situations with proper com-
prehension of their mathematical as well ag their practical signifi-
cance .t

Definitions of terms, concepts, and processes do not constitute mean-
ings or understandings. There is no meaning in stating from memory that
5 47 = 12. There is meaning when we say that 12 is 10 and 2 and that
S5FET=(545)#f2o0r 10 f 2. There is meaning in every mathematical
concept and process. There is meaning in each step of every process.

Meanings are the paths to all desirable oubtcomes in arithmetical
instruction, and unless meanings are comprehended the oubcomes are never
reached .. . . In arithmetic, meaning is the import of relationships in-
herent in number study; the sense which the relationships are intended
“to express. Relationships constitute the meanings.

,;Meanings and ideas are dynamic facts of experience. Moreover, they

shed light back upon the experiences fgom which they grew and thus give
larger meanings to these experiences.l

12 Tpid., p. 149.

13 William A. Brownell, "Psychological Consideration in the Learn-
ing and the Teaching of Arithmetic," Teaching of Arithmetic. Tenth
Yearbook of the National Council of Teachers of Mathematics (Columbisa
University, 1935), p. 19.

1 1piq.

15 C. Newbon Stokes, Teaching the Meanings of Arithmetic (New York,
1951), p. 4.

16 Harry Grove Wheat, The Psychology of Teaching of Arithmetic
(Boston, 1937), p. 149.
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An experience can have meaning orly in iterms of previous undersfand-
ings ard insighte. Meaning is always based upcn experience, and experi-
ence iz meaningful only in terms of what the learner already understands.
« . . Insight is more than understanding. It is a menbal state in vhich
the learner is fully aware of the conditions and relations which con-
stitute a given behavior pattern apd from which other useful patteras
may evolve or take form.l!

Importaace of Mesrings in Arithmetic

Mathemabical terms heve always been interspersed in all reading
nmaterials from the dally newspaper b0 the most technical beoks of any
area of knowledge. Very little conversation itaskes place which does not
include many mathematical terms.

Hornlg reports:

Every investigator has shown the incidence of arithmetical terms to
be very large - how large depends upon how broadly "arithmetical terms”
are defined. If indefinite and merginal terms are included, such as
more, heavy and high, the incidence shown in an analy31s of recently
published geography texts runs as high as one word in- seven. This is
not surprising when one reallve%,tha%i of the first 1069 words in the
list compiled by Thorndike and Lorge, more than one in tén are
reasonably specific arithmetical, geometrical, or statistical terms, and
if indefinite mathematical terms are included, the prcportlon is about
one in four. : y :

Presseyzo reports a study made to determine the "absolutely essential”
words, the “"important" but not essential words, and the “unimportant™ words
in 19 different subjects. €he had each text checked by two different

people and used as many texts and people as necessary to ralse the

17 Stokes, pp. 8-9.

18 Ernest Horn, "Arithmetic in the Elementary School Curriculum,”
The Teaching of Arithmetic. Fiftieth Yearbook of the National Society
for the Study of Raucation, Poxt 11X (University of Chicago, 1951), pe.lO.

19 Baward L. Thorndike amnd IrVLng Lorge, The Teacher's Word Book of
30,000 Words (New York, 1944).

20 Luella Cole Pressey, "The Determination of the Technical Vocabu-
lary of the School Subjects," School and Society, XX (July 19, 1924),
91-96. h
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reliability to a high level. Then, the list of arithmetical words was
checked by 103 summer school teachers. They rated 117 of these mathemati-
cal words "absolutely essential"” and 26 words "important" under common
mathematical words. They also rated 83 words "absolutely essential,”
274 "important” and 49 "umimportant' but included in the texbs under
arithoetic.

A very considerable proportion of the words rated as absolubely
- essential by teachers of mathematics and arithmetic are also desmed
essential by teachers of other subjects. Among the words considersd
essentisl in art, for example, are area, balasnce, breadth, cirele, cube,

depth, dimension, distance; horizontal, length, messure, parallel, per-
pendicular, rectangle, square, btriangle, and unit.=>

Thus, a pupll msy have a good vecabulary and be a good reader at any
state of development, yet fall beecause of the bmical‘words of some sub=-
jectoy The incidence of mathematical words in all reading material makes
the learning of meanings most important.

22

Browvnell=* gives importance to meanings by listing their advantages

or values:

(1) Arithmetic can funetion in wm living only when it is
understood. In practical liviveg we mus ﬂlligpnt in guantitative
situations . . . .To the degrse thal bl 2r from the complste-
ly familiar, we must be able o think‘or. . &md one ﬂoes not think effec-
tively with mechanical skills alone. Thinking is possible only to him
who possesses rich meanings.

(2) Meanings facilitate learning. Through meanings we secure in-
sights and note relationships which, without meanings, we should not
likely hit upon. The insights in turn enable us tc foresee counections
and to tie together various aspecte of the learning task which without
understanding, would have to be mastered separately one at a time.

(3) Meanings increase the chances of transfer. It 1s because
meanings do transfer that they faﬂllluate learning ... . . The effects of

21 Horn, p. 10.

22 Williem A. Brownell, "When is Arithmetic Meaningful?" Journal
of Educational Research, XXXVIII (March, 1945), Lok-49T,
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meanings are cumulative; their contributions to learning increase in
amount as they enable the learner o gain new insights, %o discover short
cuts, and to apply in new ways what has been lesrned.

(%) Meaningful arithmetic is befter retained and is more easily
rehabilitated than is mechanically learned arithmetic. Meanings strengbh-
en skills by supplying a structure to support them. When the skills no
longer function, the structure remains, and on this basis the skills can
be renewed. )

Many examples can be given showing the importance of meanings. A
second grade class which had worked on meanings of position in counting
and a few simple addition computations, all less than ten, suddenly had
the problem 19 £ 9 £ 9 4o work. Finally, a boy came up with this solu-
tion: Nineteen ig 1 ten and 9, take 1 from the second 9 and add 1 o
the first 9 in 19 to make 2 tens, then take 1 from the 8 and add to the

lagst 9 to make 3 tens and 7 which is 37. The entire class thorcughly

understood and worked several other examplescg3
Meanings in Arithmetic Teachers Should Develop

Many lists of mathematical termg, concephs, processes, anl phrases
have been made with little or no agreemert ag to which are sssentlal.
Probably the most complete lisgh, together with deflnltions, is to be

found throughout Buckingham's book, Elementary Arithmetic, Its Meaning

and Pra.c:v.‘c,ice.alP Algo, the better arithmetic textbooks would comtain

good lists of meanings.
Omitting such topics as measurement, Browmell suggests four

categories of meanings:25

23 Tpid., 495-496.

2h B. R. Buckingham, Elementary Arithmetic, Its Meaning and Practice
(Boston, 1947).

25 william A. Brownell, "The Place of Meaning in the Teaching of
Avithmetic,” Elementary School Journal, XLVII (January, 1957), 257-258.
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1. One group consists of whole numbers, common fraections, decimal
fractions, per cent, ratio and proporticn, denominate numbers, and the
technical terms of arithmetiec ~- addend, divisor, common denominator, etc.

2. A second group of arithmetical meanings include understandings
of the fundamental operations. Children must know what happens with each
operation (to the numbers) and when to use each operation.

3. A third group of meanings is composed of the more important
principles, relationships, and generalizations of arithmetic. This in-
cludes such principles as the order of adding or multiplying does not
matter, and both numerator and denominator may be multiplied or divided
by the same number without change of value.

L. A fourth group of meanings relates to the understanding of our
decimal number system and its use in rationalizing our computational
procedures and algorisms. This includes place values and uses (applica-
tiong) in "borrowing" and "carrying."

Of course, the teacher must have adequate training to teach these
meanings. This means more than bare definitions of terms. It means
analysis and synthesis so that the student will discover and generalize

the meanings.
Status of Arithmetic Teachers

The great shortage of elementary teachers since World War II has
brought about undesirable results. Meny ungualified teachers were hired,
;nd certification standards were lowered or ignored. Furthermore, most
of the teachers colleges have no mathematical requirements for elementary
teachers. Thus, there has been é wide range in the abilities of the
teachers. |

The minimum requirements for certification of el ementary teachers by
sgtates in 1955 showed that one state required less than one year of college
training, four states required one but less than two years, 12 reguired
two but less than three years, two required three but less than four

years, and 29 required four years of college training. The 1955 report
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showed improvement over the last reports in 1949 and 1953, 26 However,
meny unqualified persons are teaching each year on temporary certificates.

The requirements in mathematics for the teachers are extremely low.
Many elementary teachers are teaching with cne or ftwo years of high school
mathematics, and the arithmetic they had in elementary school.

Grossnickle27 gives some requirements in mathematics for certifica-
tion of elementary teachers. Three states had blanket requiremsnts (a
choice of fields which included mathematics), 35 states had no require-
ments, and 10 states had spscific requirements which averaged 3.4 semester
hours of mathematics.

Layt@n28 states that the average requirements over the whole nation

for the lowest certificate was mathewstics conbent .52 semester hours,
and for methods in mathematics .16 semsster hours. The means for the
highest certificates differ very litile from thess.

More than three-~fourths of the teachers colleges require no mathe-
matics of any kind for admissicn, and two~thirds of them require no
courses in background mathematics for elementary teachers. Also, in
more than half of the colleges offering curricula which prepare teachers

for the elementary grades, a background course in mathematics is

missing°29

26 W. Barl Armstrong and T. M. Stinnett, A Manual on Certification
Requirements for School Personnel in the United States, "National Educa-
tion Association (Washington, 1955), pp. L-3.

21 Foster E. Grossnickle, "The Training of Teachers.of Arithmetic,”
The Teaching of Arithmetic. Fiftieth Yearbook of the National Soclety
for the Study of Education, Part II (University of Chicago, 1951), p. 205.

28 W. I. Layton, "The Certification of Teachers of Mathematics,"
The Mathematics Teacher, XLII (December, 1949), 378.

29 Grossnickle, pp. 208, 210.
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Although the model length of the training program for elementary
teachers during the last twenty-five years increased from two years o
four years, Tthe amount of training required in mathemstics decreased
during that interval.

The picture is ncot nearly so bad as painted, however. In the
twenty-five years since Brownell started expounding the '"meaning"” theory,
a great change has taken place. Nevertheless, Mueller and Moser3t Warn
that:

Reports from consultants workiﬁg with the in-gervice tralning of
teachers indicate that the biggest single barrier to a more effective
implementation of meaningful arithmetic is the inadequacy in the mathe-
matical backgrounid of the teachers themselves. Teachers cannot do a
creditable job teaching that which they nelther practice nor understand.

They further give three reasons for improved mathematics teaching:
(1) Teachers have acceptéd the meaning approach and are energetic and
enthusiastic about improving their teaching. (2) The emerging point
of view ig that arithmetic must be taught as a structured system of
related ideas, principles and processes with imbedded social applica-
tions. (3) This movement for better instrustion in mathematics rests
on the broadest possible base for the greatest number of teachers and

will begin with the concepts essential for providing a solid foundation

for later mathematical learnihg.

Summary

Teaching of aritlmetic has run the gamut from the strict disci-

plinary ideas of the nineteenth cemtury to the other extreme of

30 1bid., p. 229.

3l Francis Mueller and Harold Moser, "Background Mathematics for
Teachers of Arithmetic," Emerging Practices in Mathematics Education.
Twenty-second Yearbook of the Natimnal Council of Teachers of Mathematics
(Washington, D. C., 1954), p. 181.




19

advocating no mathemstics in the elementary school in the twentieth
lcentury.32 The change hap been deliberate and gradual, and today neither
extreme. exists. |

Arithm@tic was tauéht for discipline of the mind and body. This
attitudg*wag dominant well into.this century. Drill, membry work, and
forced lga;ping of abstract arithmetic were the essentials of the old
masters., Discipline in mathematics was closely associated with punish-
ment. Anything‘which was hard to do and took a lot of time contributed
to discipline. An idle_mind was the devil's workshop. Hence, if a
student were busy with drill work, memory work, or outlandish problems,
he never gave the teacher any trouble.

Soon after the turn of the century teaching of arithmetic began to
take on new meaning. Experiments were performed. Psychology made great
progresg>;n,analyzing the learnipg process and establishing conngctions
between.interests and learning.. The "meaning" theory of teaching arith-
metic began to displace the "drill" theory. New texts based upon mean-
ings, understanding, interests, and needs were written. These books have
utilized the latest knowledge and’theories of leafning, They are weli
' organized and well written, but not too up-to-date. Publishing companies v
are reluctant to revise and to include the new and modern concepts.

The teachers themselves were the chief deterrent to the changevfrom /
the "drill" theory to the "meaning" theory of teaching arithmetic. They
were taught and trained in the "drill" method and have been very slow to

change. The "drill" method still predominates with many teachers.

32 E. R. Breslich, "Importance of Mathematics in General Education,"
Mathematics Teacher, XLIV (Janusry, 1951), 4; Glennon and Hunnicutt, 17.




CHAPTER III
THE PROCEDURE FOR THE STUDY
| Introduction

The aims of this chapter were to describe and analyze the procedures
used to obtain the data for this investigation.

The identification of the concepts and processes of elementary
_érithmetic necessitated: (1) a preliminary selection of mathematical
concepts and processes from selected elementary arithmetic textbooks,
(2) fhe making»of a questionnaire to help determine the importance of
the concepts and processes, (3) the checking of the questionnaire by a
groﬁpiéf_experts and by a group of elementary teachers.

The procedures of selecting the concepts and processes, of making
the questionnaire,_of selecting both the experts and teachers have been
described in this chapter. Also, cerfain personal data such as the
~amount of college crédit in mathematics and mathematics methods, wnits
of high school mathematics, number of years teachingAexperience which
were collected from the teachers hgve been analyzed in this chapter. A
comparison'was made between the percentages of answered questionnaires
in this investigation, and published reports of returns of question-

naires in general.
Selection of Concepts and Processes
The elementary arithmetic textbooks have been completely designed

20
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and written within the past twenty years, and have included the latest
in psychology of learning and the "meaning” theory of teaching arith-
metic.  These textbooks which are well written and well organized con-
tain a complete set of concepts and processes.

The following items were considered in the selection of the arithme-
tlc books from which the concepts and processes were chosen:

1. Those books authored by outstanding educators.

2. The extent of the use of the books.

3. The major publishing companies of elementary books .

k. Recency of publication.

5. The Oklahoma state adoptions in arithmetic.

51x complete sets of elementary arithmetic books were selected and
analyzed to obtain the major concepts and processes. Also, a few other
books were checked for possible concépts missed or not appearing in three
or more of the six sets. The criterion of selection was that a concept
or process must appear in three or more of the bocks to be considered
important.

The analysisref the arithmetic books (See Appendix C p. 98) con-
sisted of a page by page scanning for mathematical concepts and. pro=- -
cesses which were recorded by code for particular text and grade.in a
notebook. For example, the Rowe-Peterson arithmetic series was listed.l.

Hence, I, 1 would indicate Rowe-Peterson Book I (Grade 1) and under I, 6

would be recorded all new concepts and processes appearing in Rowe-

Peterson Book 6 (Grade 6). An attempt was made to make the lists as

complete as possible and not repeat concepts and processes from later
books in & geries. The following sets of books were used:

Brueckner, Leo J. et al., Arithmetic We Use (Grades One to Six)
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Clark, John R. et al., Growth in Arithmetic (Grades One to Six)

Mallory, Virgil S. et al., Using Arithmetic (Grades One to Six)

Morton, Robert Lee, et al., Making Sure of Arithmetic
(Grades One to Six)

Studebaker, J. A. et al., Study Arithmetics (Grades One to Six)

Wheat, H. G.. et al., Rowe-Peterson Arithmetic
(Books One to Six) ]

Two other books were.used:

Bartoo, G. C. et al., Adventures with Numbers (Grade I)

Stern, Catherine. Discovering Arithmetic (Grade I)
Then, two alphabetical listings were made on large cardboard sheets.
‘The first group consisted of concepts and processes for the first three
grades, and the second group consisted of concepts and processes for thg
next three grades. The lists were then checked for frequency in the six
>sets of books and the extra ones.

If a concept was checked under three or more of the book columms,
it was considered important enough td go into the questionnaire. The
concepts were again arranged into related groups and put into a

questionnaire.
The Questionnaire

The guiding principles in the construction of the questionnaire
were:

1. Give clear and distinct instructions and explanatiqns at the
beginning of the guestionnaire.
| 2. Minimize respondents' work by the use of simple checks. Thus,

& three-item-rating scale was used: (1) essential, .(2) desirable,

(3) unimportant.
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3. Group related concepts and processes in order to facilitate
checking.

L, Refine the questionnaire through conferences and interviews with
members of the investigator's committee and colleagues.

The questionnaire (Appendix A) was divided into two parts: One part
included the concepts and processes selected by the above procedure for
grades one, two, and three; and the other part embodied the concepts and
processes of grades four, five, and six. The assumption was that a teacher
~.in grades one, two, or three would not feel competent to check the impor-
tance of the concepts and processes of grades four, five, and six, and
that a teacher of grades four, five, or six, would not wish to check the
questionnaire for the first three grades. There seems to be a natural
grouping in our school systems of the first three grades into one sub-
group, and the next three grades into a second subgroup, end the seventh
and eighth, or seventh, eighth, and ninth grades into a third subgroup.
The universality of the first two subgroups and the variability of the
third subgroup prompted the limitation of this study to grades one to
éix. The rating scale was reduced from five possible checks to three
in order to facilitate the task of the respondent. The directions for
marking and explanations were clearly stated. Suggestions for refine-
ment of the questiomnaire were made by members of the investigator's
committee and by his colleagues.

The first page of the guestionnaire follows:
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Directions for Scoring

The following concepts and processes of elementary arithmetic were
selected on a frequency of occurrence basis from six major sets of
elementary arithmetic books. These concepts and processes may vary in
importance in the mathematical development of the child. '

Concepts are the elements of knowledge. .Concepts as used here
are simply mathematical terms which are used by the teacher or textbook
to develop the child in his mathematical understanding, thinking and
reasoning. Processes are the operations such as adding, subtracting,
multiplying, dividing, measuring, etc., which the child performs with
numbers.

- Please check in the space at the right according to the importance
which you consider the concept or process to have in the mathematical
development of understanding, reasoning, and thinking of the child.

The ratings are (1) essential, (2) desirable, (3) unimportant.

CONCEPTS
PART I: FIRST, SECOND AND THIRD GRADES
1. Essential ] 1. Essential
| 2. Desirable 2. Desirable
3 Unimportant I 3. Unimportant
. EEE 1/2]3
ADDITION i 19 short hand {(hr)

1 add 20 long hand (min)

2 and 21 hour

3 colum 22 half.-hour

L plus (£) 23 half-past

5 how many 2L days (names)

6 sum ' 25 | hours

7 total 26 minutes

8 altogether 27 seconds
"9 together 28 calendar

- SUBTRACTION 29 week

10 | -~ count change 30 months (names)
11 cross (out) 31 months (length
12 difference 32 year
13 how many left 33 Weight:
14 [ Teft (over) 34 ounce
15 minus (=) 35 pound (1b)
16 remainder 36 Tength:
17 take away 37 inch

MEASURE 38 foot (feet)
Time: 39 foot ruler
18 clock (o'clock) [T ] Lo yard




The guestlomnsire was then sent to a2 group of experts in the ares
of mathematics education, and to a selscted group of elementeary arith-

metic teachers.
Selectlion of the Experts

It was assumed thab college teachers working in the field of mathe-
matics education were qualified io pasé Judgment upon the relative inm-
portahce of the concepts and processes in the guantitative development
of the child.

The selection of the experts was based upon the following achieve-

ments:

mehle books.

10

ralgtad to the teaching of

[

2. Authors of other hooks

NN

0

arithmetic.

3. Those working particuisrly in the ares of mathematics education.

1

4, Elementary supervisors, s teachers colleges and

=3
4

large city school systems.

e

Teble I shows the respoase of the exparis to the questionnaire.

Thirty-two questionnaires were sent to college personnel. One question-
naire was returned since the reciplent was deeeaéed. The responses were
as follows: 68 per cent checked and returned the questionnaire; 6.5 per
cent had completely retired; 13 per cent did not respond; 3 per cent re-
ported lack of time; 3 per cent wers in executive positions and referred
the questionnaire to the education department with no further answer;
6.5 per cent refused to check it. Two experbs refused to check the
gquestionnaire. One retufned it unchecked stating there was a dicheotomy

between the directions on the questiomnaire sad the letter of trauns-
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mittal, but stated that if he checked the questionnaire in line with
the purpose of this study he would have to check all items essential.
The other expert who did not check the questionnaire stated he saw
little value in this type of study.

The 68 per cent returns on the eight-page questionnaire compared

favorably with Shannon'st 67 per cent on questionnaire of five or more

pages.
TABLE T
PERCENTAGE OF QUESTIONNATRE RETURNS FOR THE EXPERTS
=
Answered Unanswered Not Returned
Experts 67.7 L.2 28.1

Selection of Elementary Teachers

The elementary teachers' opinions concsrzing the items on the
questionnaire were needed in the identificetion of the concepts and

processes. Also, those teachers who actuslly teach these concepts and
processes to the children should know which ones are important. The
following criteria were used:

1. Only school systems which were members of the North Central
Association of Colleges and Secondary Schools were selected.

2. Only independent school districts were chosen.

3. Only elementary schools of 12 teachers or more were chosen.

% J. R. Shannon, "Percentages of Returns on Questionnaires in Re-
putable Educational Research," Journal of Educational Research, XLIT
(October, 1948), 140.
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In some cases where one elementary principal had two or mors buildings
under his supervision, the minimm of 12 teachers possibly consisted of
all the eleméntary teachers in the system.

These criteria were based upon the assumptions that the requirements
for teachers were higher in these schools, that the teachers were better
gqualified and did a higher type of teaching because of supervision, in-
service meetings, and conferences.

A letter (Appendix B) was written to the elementary principal asking
for the name,)éddrass, and grade of teaching of five or more of his
better teachers from grades one to six. He was asked to select the
teachers on the basis of the following criteria:

1. Do they seem to be better teachsrs in comparison to others in
thelir field?

2. Do pupils seem to rate higher in arithmetic after being taught

by these teachers in comparison with other heachers?

3. Have the teachers been suceo

,'n =

ILL

hers over a period of
years?

The principals were quite aw of the mathematics situation in the

schools and the need for improving the teaching of mathematics. They
felt they had many good teachers and were interested in the new ones
having the best preparation possible. They further felt that the ex-
perienced and better teachers could give moch sid to the young  and

new teacher. Consequently, there was almost one hundred per cent re-

sponse by the principals. Also, most of them gave more names then the
minimum of five which was requested. More than four hundred names of
elementary arithmetic teachers were received. Three hundred sixty

questionnaires were sent, and two humdred forty-five were checked and

returned.
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Sixty-eight per cent of the eﬁﬁmentary teachers checked and reburned
the questionnaire. B5Six per cent returned the questionnaires unanswered
and 26 per cent did not return the questionnaires. This average was low
compared to Sha.nno.n“s2 69.9 per cent for 4s5 page questiomnaires, but it
A'compares Tavorably to Trow's3 opinion. He stated‘that uswaliy a third to
a half of the persons circulated did not answer.

The per cent of answered questiomnaires (Teble II) from elementary

TABLE IX

QUESTIONNATRE RETURNS FOR ELEMENTARY TEACHERS

Grade Angswered — Unanswered  Not Returned
First T70.0 6.0 2,0
Second 8.0 L,0o 28.0
Third, .1 3.7 22.2
Fourth 60.7 11.5 27.8
Fif'th 61.9 9.5 28.6
Sixth 69.6 2.9 27.5
Average 68.0 6.1 25.9

teachers ranged from a low of 60,7 per cent fof the fourth grade teachers
to a high of Th.l per cent for the third grade teachers. Fifth grade
teachers responded only slightly better with 61..9 per cent checking the
questionnaireso The total returnéd questionnaires (answered and uvnanswer-
ed) showed fourth grade T72.2 per cent, fifth grade T1.h perAcent and sixth

grade 72.5 per cent. The reasons for the low returns for the fourth and

2 Ibid., 140,

i William Clark Trow. Scientific Method in Education (Boston, 1925),
p. 10L1. -
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fifth grades are unknown, but the close and fairly high total returns
of questionnalires would indicate something was amiss. It might indicate
a lack of knowledge of concepts and processes of the other two grades in
the spbgroupa Also, the high rating of the third grade teachers might
indicate a more thorough knowiedge of the concepts and processes of that
subgroup. The sixth grade teachers showed a relativéiy high percentage
69.9) of answered questiocnmaires which wonld indicate a good knowledge
of thebconcepts and processes of the fourth, fifth and sixth grades.

The main objective in glving the data in Tables I and II was to
compare the responses to the quéstionnaire with the responses to
questiomnaires in general. No other treatment of this data seemed
pertinent to this problem except the compsriscns which were Just given.

There is evidence (Table IIT) +hat the principals followed the

criteria in the selection of the teachers. Five people of the 245 who
TABLE IIX

AMOTINT OF MATEEMATICS AND TEACHING EXPERIENCE OF
ELEMENTARY TEACHERS

High School College Mathematics Teaching
GRADE Mathematices  Mathematbtics Methods Experience
(units) (sem. hrs.) {sem. hrs.) (years)
First 2.45 L.k 1.55 19.07
Second 2.88 3.73 . 1.89 19.64
Third 2.87 3.84 1.87 18.60
Fourth 2.92 % .89 1.92 17.31
Fifth 2.97 6.13 2.83 16.09
Sixth 3.23 7.37 2.47 20.78
Total Average 2.91 5.11 2.10 18.66

answered questionnaires gave two years' teaching experience, two showed
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three years' teaching experience and five showed four years' teaching exe
perience. All others had more than four years of teaching experience.
The average number of yvesrs of tezsching experience ranged from a low of
16.09 years among the fifth grade teachers to a high of 20.78 years

among the sixth grade teachers. The average number of years of teaching
for all teachers who answered the questionmaires was 18.66 years.

Two teachers with one year of experience returned the questicunsire
unanswered and gave Incompetence as the reason for not checking. One
teacher with two years'® experience returned the umanswered questionnaire
with the same explanation. Two teachers returned the uvnanswered question-
naire and gave lack of time, two others gave illness, and two others re-
turned the unanswered questionnalre with no reascn. One tescher gave
substitute teaching as a reason for not answering the questionnaire. The
most frequent reason given for not answering the questionnaire was lack
of time. A total of nine people, or less than 3 per cent, gave lack of
time as the reason for not answering it. The next most frequent reasoun
given was incompetency. Seven peopls, or 2 per cent, gave unqualified or
incompetent as the reason for not checking the questionnaire. Other
reasons were: too many school duties, lost or misplaced questionnaires,
illness, and extension work. Most of these reasons were given on a card
included in a follow-up letter concerning the questiomnaire.

The elementary teachers showed a low of 2.45 units of high school
mathematics in the first grade to a high of 3.23 units in the sixth
grade. The order of high school units in mathematics from highest to
lowest was sixth (3.23), fifth (2.97), fourth (2,92), second (2.88),
third (2.87), and first (2.45). The average of 2.91 units in high school

compared Ffavorably with the mathematics requirements 1o enter most colleges,
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especiallyteachers'collegeso

The same order exists for the number of semester hours of college
hathematics as for units of high school mathematics. The sixth grade
teachers had a high of 7.37 semester hours in mathematics; fifth grade
teachers showed 6.13 semester hours; fourth grade teachers showed  4.89
semester hours; first grade teachers had L4.lk semester hours; third
grade teachers had 3.84 semester hours; and second grade teachers were
low with 3.73 semester hours. Fifty or 20 per cent of the elementary
teachers had no college mathematics. The average of k.11 semester
hours is extremely high compared with the amount required for certifi-
cation of elementéry teachers. |

-The number of semester hoﬁrs in mathematics methods ranged from a
low of 1.55 semester hours for first grade teachers to a high of 2.83
semester hours for fifth grade teachers. The order again from highest
to lowest was fifth grade, sixth grade, fourth grade, second grade,
third grade, and first grade. The average number of semester hours of
methods_in mathematics for the 245 elementary teachers was 2.10 semester

hours which was much higher than the amount required for certification.
SUMMARY
The concepts and processes of elementary arithmetic were selected
on a frequency of occurrence basis from six sets of elementary books,
grades 1 to 6. These concepts and processes were arranged in related
groups and put into a two-division questionnaire. The entire question-
naire was sent to a group of experts in the field of mathematics and

mathematics education. The first section of the questionnaire includ-

ing the concepts and processes of the first, second, and third grades
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was sent to a selected groupiof first, second, and third grade teachers;
The second part of the questionnaire, including the concepts and pro-
cesses of the fourth, fifth, and sixth grades, was sent to a selected
group of fourth, fifth, and sixth grade teachers.

The data concerning the teachers indicated they were well-trained,
experienéed, and;éapable teachers. No teacher of less than two years'
experience-answerea the questionnaire. The average was 18.66 years'
experience. Their training showed an average of 2.9 high school units
in mathematics, 5;1 semester hours in college mathematics, and 2.1
semester hoursvof mathematics methods. The rank in amount of training
both in high school and college from highest showed;sixth, fifth, fourth,
third, second, and first.

The per cent of returns of the questionnaires was good in comparison
to published reports on similar types of surveys. There was some in-
dicatioﬁ from fhe per cent of returns from the elementary teachers that
. possibly the fourth grade teachers felt most incompetent to check the
concepts and~proéesses of the fifth and sixth grades. Also, there was
a slight iﬁdication that the fifth grade teachers felt incompetent to
check fourth and sixth grade concepts and processes. There was some
evidence thét third and sixth grade teachers were most confident in

checking the concepts and processes in their respective groups.



CHAPTER IV
ANALYSIS OF DATA, CONCEPTS

The cobjective of this chapter was to analyze the data in terms of
the categories as mentioned in the hypothesis. Also, the ccncepts have
been rated as set forth at the end of Chapter I. An average rating of
sixty per cent or higher in any check space indicated the importance of
the concept. If none of the three check spaces received a sixby per
cent or higher rating, then a combination of two space ratings has been
used to indicate whethef the concept was, or was not, importent.

Concepts are the elements of knowledge. Concepts are identified
by mathematicael terms or words which are used by the teacher or text-
book to develop the child in his mathematical understanding, thinking

and  reasoning.
The Categories of Concepts

The categofies were based upon the findings of an unpublished
doctoral dissertation by J. J. Stipanowidh,l and six sets of arith-
metic books listed in Chapter III. Stipanowich lists 33 topics in arith-
metic which were recommended by 75 per cent of the educators who answered

his questionnaire as being needed in a basic mathematics course for

1 J. J. Stipanowich, "The Development and Appraisal of a Course in
Basic Mathematics for Prospective Elementary School Teachers,"
(unpublished Ed. D. dissertation, Northwestern University, 1956), Pp.
85 -87 .

33
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elementary teachers. Twenby-six of these topics were recommended by
90 per cent of the educators. The major topic headings were:
Growth in Numbers
Hindu-Arabic Numerals
Numbers in Our System
Denominate Numbers and Measurement
The Fundamental Operations Using Integers
Checking the Results -
The Fundamental Operations using Common Fractions
The Fundamental Operations using Decimal Fractions
Aids to Problem Solving in Arithmetic
The 33 topics listed were all subheadings under these major topics.
Also, the major topic headings correspond somewhat to the chapter head-
ings in the arithmetic books which'were used in the survey of this study.
Hence, the categories were based upon these two related sources of topics.
The questionnaire corresponds closely to the following categories
involving concepts which were considered important to the elementary
teacher. The first eleven of the categories are as follows:
I. The concepts of order.
(a) Numbers (or integers) in order.
(b) Numbers in rank.
II. The concepts involving synthesis.
(a) Additiom.
(b) Multiplication.
IIT. The concepts involving analysis.
(a) Subtraction.

(b) Division,



Iv.

VI.

VII.

VIII.

IX.

35

The concepts of comparison.

(a) Certain antonyms or marginal mathematical terms.
The concepts of measure.

(a) Area,

(b) Capacity.

(¢) Volume.

(d) Counting.

(e) Length.

(f) values (or money).

(g) Parts.

(h} Tiuwe.

(i) Weight.

(j) Other related concepts.

(k) Various systems of measurement.

1. English.
2. Metric.
The concepts invelved in a thorough understanding of the
nunber system.
(a) Other number systems.
(b) sStructure of the number system.
(e) Natural numbers.
(4) Common fractions.
(e) Decimal fractions.
(f) Percentage.
The concepts of a family budget.
Certain concepts of busliness.

The concepts of graphs.
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X. Certain concepts pertaining to verbal problsms.

XI. Other mathematical concepts.
Treatment of Data

A table which corresponds to each category has been congtructed and
lists the data, after treatment, from the guestionnaire. All tables in
this chapter express 1in per cent the opinions of the teachers concerning
the concepts of elementary arithmetic according to the three checks on
the questionnaire. FEach concept was checked by the elementary teachers
in one of three spaces as follows: (1) essential, (2) desirable, (3) un-
important. These check points under each classification were totaled and
per cents, based on the total answered questionnaires, were calculated.
Similar data was given for the experts. An average was figured between
the per cents of the teaéhers and experts., All analyses were basged upon
the average rankings. The conclusions for the category as a whole were
baged upon the ratings of a majority of the concepts in each category.
Some of the subheadings were also rated by this same method.

Concepts 9£ Order. Table IV lists the concepts of order and rank.

The ordering principle in mathematics states that any integer has an
antecedent which is smaller than the given integer, and a successor which
is larger. Concepts of order are the natural numbers. Rank means the
position held as first, second, third, etc. The integers, both symbols
and words from one to ten were rated "essential" by 99 per cent of both
the experts and elementary teachers. The integers from eleven to twenty
were rated "essential" by the experts and teachers in per cents ranging
from 88 to 92. The integers by tens to 100 were rated "essential” Dy

82 per cent or more of both the experts and elementary teachers.

The concepts of rank were rated "essential” from & high of 91 per
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TABLE IV

THE IMPORTANCE OF MATHEMATICAL CONCEPTS OF ORDER AND RANK
FOR ELEMENTARY TEACHERS

Percentage of (1) essential, (2) desirable, (3) unimportant, (4) blank.

Concepts Teachers Experts _ Average
1 2 3 4 1 2 3 & A2 8 L

Numbers . ;
count 84 12 3 1 95 0 0 5 89.5 6.0 1.5 3.0
each 73 23 3 1 8 9 0 5 79.5 16.0 1.5 3.0
1 one 98 2 0 0 100 0 0 O 99.0 1.0 0.0 0.0
2 two 98 2 0 0 1000 0 0 O 99.0 1.0 0.0 0.0
3 thiee 98 2 0 0O 100 0 0 O 99.0 1.0 0.0 0.0
L four 98 2 0 0 100 0 O O 99.0. 1.0 0.0 0.0
5 five 98 2 0 0 100 0 0 O 99.0 1.0 0.0 0.0
6 six 98 2 0 0 1100 0 0 O 99.0 1.0 0.0 0.0
T seven 98. 2 00 100 O O O 99.0- 1.0 0.0 0.0
8 eight 98 2 0 0 100 0 0 0 99.0 1.0 0.0 0.0
9 nine 98 2 0 0 100 0 0 O 99.0 1.0 0.0 0.0
10 ten 98 2 0 0 100 0 0 © 99.0 1.0 0.0 0.0
11 elewven 8 14 1 1 100 0 0 0O 92.0 T.0 0.5 0.5
12 twelve 83 14 1 2 100 0 0 0O 91.5 T.0 0.5 1.0
13 thirteen 78 18 2 2 100 0 0 O 8.0 9.0 1.0 1.0
14 fourteen 78 18 2 2 100 0 O O 89.0 9.0 1.0 1.0
- 15 fifteen 77 19 2 2 100 0 0 O 88.5 9.5 1.0 1.0
16 sixteen: 77 21 1 1 100 0 0 © 88.5 10.5 0.5 0.5
17 seventeen 76 2. 2 1 100 0 0 O 88.0 105 1.0 0.5
18 eighteen 76 21 2 1 100 0 0 o0 88.0 10.5 1.0 0.5
19 nineteen 76 20 2 2 100 ©0 0 O°' 88.0 10.0 1.0 1.0
20 twenty 78 20 2 ¢ 100 ©0 O O 89.0 10.0 1.0 0.0
30 thirty T2 22 3 3. 100 0 0 O 86.0 11.0 1.5 1.5.
Lo forty T2 22 3 3 95 5 0 O 83.5 13.5 1.5 1.5
50 fifty 72 22 3 3 9% 5 0 O 83.5° 13.5 1.5 1.5
60 sixty 70 24 3 3 95 5 0 0 8.5 14.5° 1.5 1.5
70 seventy 70 24 3 3 95 5 0 0 82,5 1k.5 1.5 1.5
8 eighty @ 70 23 3 4 95 5 0 O 8.5 14.0 1.5 2.0.
90 ninety 69 24 3 &4 95 5 0 O 8.0 14.5 1.5 2.0
100 one hundred T4 19 3 .4 95 5 0 O 8,5 12.0 1l.5. 2.0.
Ordinal numbers o : . : L
first 87 13 0.0 95, 5.0 O 91.0 9.0 0.0. 0.0
second 87 13 0 0 -9 5 0 0. 91.0 9.0 0.0 0.0
third , 8 13 0 O© 95 5 .0 O 91.0 9.0 0.0, 0.0
fourth 8 20 0 0 95 5 0 .0 . 87.5' 12.5 0.0 0.0
fifth 76 24 0 O 95 5 0 0 - 8.5 1k.5 0.0. 0.0
sixth : 66 27 2 5. '8 1 0 O 76.0 20.5 1.0 2.5.
seventh 64 29 2 5 8 14 0 0  T75.0 21.5 1.0. 2.5
eighth . 64 29 2.5 8L 14 ® 0 T2.5 21.5 3.5 2.5
ninth 6 29 2. 5 8L 14 &8 0 72.5 21.5 3.5.2.5
tenth 63 30 1L 6 8 1k 5 0 72.0 22.0 3.0- 3.0.
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cent for the concepts Ifirst, second, and third tc a low of 72 per cent

for the concept tenth. Others were fourth, fifth, sixth, seventh,

eighth and ninth. All concepts of order were rated "essenmtial.”

Synthesis and Analysis. Table V shows the concepts pertaining to
synthesis in elementary arithmetic. Snythesis in arithmetic is the act

of putting groups together. The following concepts, related to addition,

were rated "essential': add, and, plus (/), how many, altogether, to-

gether. Three concepte -~ column, sum, and tctal -- were rated "desirable."
The last three terms appeared only on the first half of the questionnaire
and might have recelved a higher rsfting by the fourth, fifth, and sixth

grade teachers. The concept total received a 62 per cent "essential"

TABLE V

THE IMPORTANCE OF MATHEMATICAL JONCEPTS COF SNYTHESIS FOR
ELEMENTARY TEACHERS

Percentags of (1) esgantial, (2) desireble, (3) unimpertant, (4) blank.

Concepts Teschers Exparts Average
L2 3 4 L2 3 4 1 2 3 h
Additicn
add 93 3 O Lk 100 0 O 0 96.5 1.5 0.0 2.0
and. 78 1+ 1 7 8 14+ 5 0 79.5 1k.0 3.0 3.5
column 58 23 15 4 48 33 19 0O 53.0 28.0 17.0 2.0
plus (/) 76 18 3 3 76 19 5 0 76.0 18.5 L.0 1.5
how many 92 6 2 0 90 10 ©0 0 91.0 8.0 1.0 0.0
sum 58 28 13 1 57 33 5 5 57.5 30.5 9.0 3.0
total by 38 15 3 62 33 5 0 53.0 35.5 10.0 1.5
altogether 67 29 2 2 76 14 10 0 7L.5 2L.5 6.0 1.0
together sho 32 8 6 67 24 9 0 60.5 28.0 8.5 3.0
Multiplication
carrying 98 2 0 © 90 5 5 0 940 3.5 2.5 0.0
multiplier 90 9 0 1 72 24 0 0 8.0 16.5 0.0 0.5
multiply y7 17 27 9 9 5 5 0 68.5 11.0 16.0 k.5
product 90 10 © O 8 19 0 0 85.5 1k.5 0.0 0.0
partial product 67 23 9 1 52 48 0 0 59.5 35.5 L.5 0.5
tables 9. 7 1 1 52 29 14 5 T71.5 18,0 7.5 3.0
twice 75 12 7 6 56 2h 5 5 70.5 18.0 6.0 5.5
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rating by the experts, but only 44 per cent "essential" by the teachers.
The following concepts, related to multiplication, were rated

"essential: carrying, multiplier, multiply, product, tables, and

twice. One concept, partial product, was rated "desirable.”

Twelve concephts under addition and mulbtiplication were ratsd "essen-
tial,” and four concepts were rated “"desirable." Thus, the category was
rated "egsential” because the majority of the items were so rated.
Table VI shpws the concepts pertaining o analysis in elementary

arithmetic. The following concephs, related to subbraction, were rated

"essential": difference, how many left, minus (-), take away. The fol-
lowing group of concephs were rated “degirable': count change, left

(over), remainder, exceeds, minuend, subtrahend, and needs. One concept,

cross (out), was rated "unimportant.”

The following councepts, related to division, were rated "essential:

fractions, borrowing, dividend, quotient, trizl quotient. Cancellation

was rated “"desirable" and caret (4) was rated "unimportant." The experts

rated the concept cancellation low in the (1) "essential" column, and

about average or 48 per cant, in the (3) "unimportant" check space.
Opinions expressed by the experts were to the effect that the operation
of reducing fractions was a division process and violated the meaning of

the word cancellation. Fifty-five per cent of the elementary teachers

believed cancellation was an "essentiazl" concept in elementary arithmetic,

and 24 per cent of the elementary teachers believed it was a "desirable"

concept .

The category was rated "desirable” because there was not a distinct
mejority for either check space. There were 9 concepts rated "egsential,"
8 concepts rated "desirable," and 2 concephs rated "unimportant." Sub-

traction was rated “"desirable" because a majority of the items were s0

et
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rated. Division was rated "essential" because a majority of the items

were rated "essgential."

TABLE VI

THE IMPORTANCE OF THE CONCEPIS OF ANALYSIS FOR THE ELEMENTARY
TEACHER

Percentage of (1) esgential, (2) desirable, (3) unimportant, (4) blank.

Concepts Teachers © BExperts - Average
1 2 3 L 1L 2 3 4 1 2 3 by

Subtraction
count change 57 33 6 4 57 33 5 5 57.0 33.0 5.0 k4.5
cross (out) 31 L2 22 5 19 10 57 1k 25.0 26.0 39.5 9.5
difference 67 22 9 2 TL 24 0O 5 69.0 23.0 k4.5 3.5
how many left 86 11 0 1 95 5 0 O 91.5 8.0 0.0 0.5
left (over) 47 35 12 6 TL 29 0 O 59.0 32.0 6.0 3.0
minus (~) 72 22 L4 2 7L 19 10 O 7L.5 2.5 7.0 1.0
remainder hp 31 23 4 57 38 5 0 49.5 34.5 14.0 2.0
take away 8% 6 5 2 8 14 5 0 8.0 10.¢ 5.0 1.0
exceeds 58 29 8 5 57 24 14 5 57.5 26.5 11.0 5.0
minuend 72 21 2 5 33 34 33 0 52.5 27.5 17.5 2.5
subtrahend 72 210 4 3 33 34 33 © 52.5 27.5 18.5 1.5
need(s) 41 33 18 8 66 19 5 10 53.5 26.0 11.5 9.0
Division
fractions & 11 2 1 106 0 0 0 93.0 5.5 1.0 0.5
borrowing 8 7 L4 1 67T 5 19 9 77.5 6.0 11.5 5.0
caret (&) 29 35 30 6 29 33 38 © 29.0 34.0 34.0 3.0
cancellstion 55 2k 16 5 19 33 48 O 37.0 28.5 32.0 2.5
dividend 88 10 1 1 67T 33 0 © 77.5 21.5 0.5 0.5
division 8 10 o 1 8 19 0 o0 85.0 14.5 0.0 0.5
quotient 9 9 0 1 &8 19 o0 o0 8.5 14.0 0.0 0.5
trial quotient 70 23 4 3 67 28 5 O 68.5 25.5 4.5 1.5

Comparison. Certain concepts of comparison are considered important
by the teachers, experts, and textbooks in developing a sense of rela-
tionships such as a sense of space and space relationships, a sense of

direction and direction relationships, a sense of size and size relation-
ships. These are not wholly mathematical concepts but are marginal con-
cepts of a mathematical nature. Table VII lists the concepts of

comparison.
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- TABLE VII

THE IMPORTANCE OF MATHEMATICAL CONCEPTS OF COMPARISON FOR
ELEMENTARY TEACHERS

percentage of (1) essential, (2) desirable, (3) unimportant, (4) blank.

Teachers . Experts Average
Concepts 1 2 3 4 1 2 3 4 1 2 3 L

Comparisons

above-below 77 18 2 3 8 1 o o 8.5 16.0 1.0 1.5
big-little 92 7 1 0 95 5 0 0 93.5 6.0 0.5 0.0
bottom-top 87 12 1 0 8 14+ 0 0 8.5 13.06 0.5 0.0
fast-slow 8 16 1 1 95 5 0 0o &85 1d.5 0.5 0.5
few-many & 13 3 2 95 5 o0 0 &35 9.0 1.5 1.0
fewer-more 70 24 3 3 90 10 O O 80.0 17.0 1.5 1.5
first-last 92 7 1 0 95 5 0 0 93.5 6.0 0.5 0.0
heavier-lighter 46 37 14 3 76 24 0 0 £1L.0 30.5 7.0 1.5
heavy-light 48 4 8 4 90 10 0 0 69.0 25.0 4.0 2.0
in~-out 73 23 2 2 T1 19 10 0 72.0 2L.0. 6.0 1.0
large-small 89 9 1 1 95 5 0 O 92.0 T.0 0.5 0.5
larger-smaller 69 28 2 1 90 10 0 O 79.5 19.0 1.0 0.5
largest-smallest 68 27 3 2 8 14 0 O 77.0 20.5 1.5 1.0
left-right 93 7 0 0O 95 5 0 0 940 6.0 0.0 0.0
long-short 8 12 0 1 95 5 0 0 91.0 8.5 0.0 0.5
longer-shorter 66 29 2 3 90 10 O O 78.0 19.5 1.0 1.5
longest-shartest 65 28 4 3 &8 14 0 0 T75.5 2L.0 2.0 1.5
more-less 0 7 2 1 9 10 0 0 90.0 8.5 1.0 0.5
old-young 63 27 7 3 8 9 5 0 Th.5 18.0 6.0 1.5
older-younger 48 42 8 2 71 24 5 0 59.5 33.0 6.5 1.0
oldest-youngest 44 42 10 4 67 28 5 0 55.5 35.0 7.5 2.0
tall~short 79 18 2 1 95 5 o 0o &7.0 11.5 1.0 0.5
taller~-shorter 58 35 3 4 8 14 0 0 72.0 24.5 1.5 2.0
tallest-shortest 58 32 7 3 81 19 0 0 69.5 25.5 3.5 1l.5°
wide~narrow 56 32 10 2 76 14 10 0O 66.0 23.0 10.0 1.0
high-low 8L 18 1 0o & 14 o o 83.5 16.0 0.5 0.0
higher-lower 5 38 5 3 8 14 0 0 T0.0 26.0 2.5 1.5
highest-lowest 54 3% 7 5 81 19 0 0 67.5 26.5 3.5 2.5
before-after 63 30 6 1 76 14 010 69.5 22.0 3.0 5.5
buy-sell 6L 30 3 3 T6 19 O 5 T70.0 24.5 1.5 L.0
full-empty 6L 3 L4 1 76 19 0 5 68,5 26.5 2.0 3.0
east-west 62 30 7 1 76 19 O 5 69.0 24,5 3.5 3.0
north-south 63 29 7 1 T6 19 O 5 69.5 24.0 3.5 3.0
increase-decrease69 22 7 2 71 2+ 0 5 T70.0 23.C0 3.5 3.5
more~less 78 16 2 4 8 1+ 0 5 T9.5 15.0 1.0° 4.5
nearest-farthest 65 28 4 3 TL 24 0 5 68.0 26.0 2.0 k4.0
part-whole 79 16 3 2 & 9 o0 5 8.5 12.5 1.5 3.5
share-keep 48 37 9 6 T 19 0 5 62.0 28.0 4.5 5.5
gum-difference 84 10 3 3 90 5 0 5 87.0 T.5 1.5 4.0
upward-downward 57 3% 5 L 8 9 0 5 TL.5 21.5 2.5 k.5
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Concepts of cowmparison rated "essential”™ were: above-below,

big~little, bottom-top, fast-slow, few-many, fewer-more, first-last,

heavier-lighter, heavy-light, in-cut, large-small, larger-smaller,

largest~ omailesb, left-right, longnwbort longer~shorter, loangest-

shortest, more-less, old~young,rtall~short, taller-shorter, tallest-

shortest, wide-narrow, high-low, higher-lower, highest-lowest, before-

after, buy-sell, Tull-empty, east-west, north-south, increase-decrease; ..

more-less, nearest-farthest, part-whole, share-keep, sum-difference, and

ypward-downward. Only two pairsg of concepts of comparison were rated

"desirable." These wera clder-younger, and oldest-youngest.

Thisg category was rated "essential because 353 pairs of concepts
were rated "essential' and 2 pairs were ratad "desirable.”
Messgure The idea of measgure is most importent Ho all mankind in

this sclentiflic age. C(Certainly,

4

of measure vary in their

importance to man according to thelr use. Table VIII lists the con-
cepts of measure and thelr imperiance as rabed by the teachers and the
experts..

The concepts of capacity (volume) rated “essentiel" were teaspoon,

tablespoon, cup, pint, quart, gallon, peck, and bushel. Those rated

"desirable" were half pint and barrel. The concept gill was rated
Tunimportant .
No concepts shrictly of volums were rated "essential."” Cubic units

such as cubic inches, cubic feet, cubic yards were rated "desirable."”

Board feet and cubic centimeters were rated "unimportant.”

o

The concepts of counting which were rated “"essential® were units,

pairs, dozen, and zero. Score and grogs were rated "desirable." Quire

and ream were considered "unimportant.”



| TABLE VIII

THE IMPORTANCE OF THE CONCEPTS OF MEASURE FOR THE
ELEMENTARY TEACHER

k3

Percentage of (1) essential, (2) desirable, (3) unimportant, (4) blank.

Concepts Teachers Experts Average
1 2 3 4 1 2 3 4 1 2 3 b
Ares : ‘
surface 76 13 6 5 95 0 0 5 8.5 6.5 3.0 5.0
square units 7L 15 7 7 95 5 0 0 83.0 10.0 3.5 3.5
(in., ft., yds.)
acre 59 26 12 3 67 33 0 0 63.0 29.5 6.0 1.5
section (sq. mi.)42 36 17 5 33 43 19 5 37.5 39.5 18.0 5.0
Capacity (volume)
teaspoon 76 22 1 1 71 29 0 ¢ T73.5 25.5 0.5 0.5
tablespoon 76 22 1 1 71 24 0O 5 T3.5 23.0 0.5 3.0
cup 8 19 1.0 TF1 2+ 0 5 T75.5 21L.5 0.5 2.5
gill 17 39 k0 4 19 57 19 5 18.0 L48.0 29.5 k.5
pint . 93 7 0 0 95 5 0 O 9%.0 6.0 0.0 0.0
half pint (eup) 35 43 15 7 57 38 5 0 L46.0 L0.5 10.0 3.5
quart 93 7 0 0 95 5 0 0 94,0 6.0 0.0 0.0
gallon 93 7 0 0 9 5 0 ¢ 9k.0 6.0 0.0 0.0
peck & 1 5 0o & 19 ¢ ¢ &.5 15.0 2.5 0.0
bushel 83 12 5 0 8 14 0o o 8h.5 13.0 2.5 0.0
barrel 39 k2 19 0 24 15 19 5 31.5 47.0 19.0 2.5
Volume
cubic units 30 24 3016 67 5 14 14 48,5 1k.5 22.0 15.0
(in., ft., yds.)
board feeb 23 31 41 5 28 39 25 5 25.5 35.0 34.5 5.0
cubic cenbimeters 6 21 70 3 29 33 33 5 17.5 27.0 51.5 4.0
Counting
units 94 5 0 1 95 5 0 0 945 5.0 0.0 0.5
pairs 90 7 3 0 100 O O 0 95.0 3.5 1.5 0.0
dozen 9. 8 1 0 9 5 0 5 90.5 6.5 0.5 2.5
score 55 34 9 2 43 28 24 5 L49.0 31.0 16.5 3.5
gross 33 39 25 3 33 43 19 5 33.0 L41.0 22.0 k.0
quire 12 37 48 3 5 L2 48 5 8.5 39.5 u48.0 k.0
ream 15 43 39 3 1k 43 38 5 14.5 L43.0 38.5 k.0
ZEro 8 8 21 95 0o 0 5 9.0 40 1.0 3.0
Length
inch 67 25 6 2 95 5 0 0 8..0 15.0 3.0 1.0
foot (feet) T« 17 6 3 5 5 ¢ 0 8.5 11.0 3.0 1.5
foot ruler 69 24 5 2 & 14 o o T7.5 19.0 2.5 1.0
yard 58 31 9 2 8 1 o0 0 T72.0 22.5 k4.5 1.0
vardstick 43 40 8 9 52 38 5 5 k2.5 39.0 6.5 7.0
linear h 20 5 1 95 5 0 0O 8k.5 12.5 2.5 0.5
rod. g 34 16 1 29 62 9 © 39.0 L8.0 12.5 0.5
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TABLE VIII (Continued)

Percentage of (1) essential, (2) desirable, (3) unimportent, (4) blank.

Concepts Teachers Experts Average
1 2 3 4 1 2 3 & 1 2 3 4
Length, contd.
mile & 15 3 0 100 O 0 O 91.0 TF.5 1.5 ©
hand L 34 58 4 9 48 38 5 6.5 41.0 u48.0 4
span 2 37 57 L4 5 52 38 5 3.5 L4h.5 L7.5 L,
pace 2 3k 59 5 5 52 38 5 3.5 43.0 Lk8.5 5
fathom LooLh 48 L 5 43 47 5 L.,5 43,5 L47.5 L,
nautical mile 6 Lo 51 3 14 4& 38 0 10.0 Lk.0 U4k.5 1.
knot 8 44 4y L 19 48 28 5 13.5 L46.0 36.0 4.
Money ‘
change 57 3 5 2 8 9 010 69.0 22.5 2.5 6.
coins 6y 27 6 3 9 10 O O TF7.0 18.5 3.0 1
cent %2 7 1 0 9 5 0 0 93.5 6.0 0.5 0
penny %2 7 0 1 9 5 5 0 91.0 6.0 2.5 O
nickel 95 5 0 0 95 5 0 0 95.0 5.0 0.0 O
dime 95 5 0 0 95 5 0 0 95.0 5.0 0.0 O
quarter 8 12 1 0 9 10 0 0 88.5 11.0 6.5 0.
half-dollar & 17 1 0o 8 19 0o 0 &.5 18.0 0.5 O.
dollar, silver 56 3k 9 1 62 33 5 0 59.0 33.5 7.0 0.
dolisr, bill 7% 18 6 2 9 10 0 0 &.0 1k.0 3.0 1.
Parts
halves B0 14 2 2 9 10 o0 o 8.0 13.0 1.0 1
thirds 53 3% 7 4 71 29 0 O 62.0 32.5 3.5 2
fourths 58.29 8 5 8 18 © 0 69.5 2kL.0 k.0 2
gixths 12 31 L4512 43 38 19 o 27.5 34.5 32.0 6.
Time
clock (o'clock) 83 12 2 3 9 10 o0 o 8.5 11..0 1.0 1.
ghort hand (hr.) 87 9 2 2 & 19 o0 o0 840 14.0 1.0 1.
long hand (min.) 87 10 2 1 76 24 o O 8.5 17.0 1.0 O.
hour 90 7 1 1 90 10 O 0 90.5 8.5 0.5 0.
half-hour 77 18 2 3 9 10 o0 0 &3.5 14.0 1.0 1
half-past 65 27 5 3 57 33 5 5 61.0 30.0 5.0 k4.
days (names) B2 17 1 0 9 10 o0 o0 8.0 13.5 0.5 0
hours 75 24 1 O 90 10 O O &2.5 17.0 0.5 O
minutes 6L 26 7 3 8 19 0 0 T2.5 22.5 3.5 1
seconds 33 31 31 5 52 29 19 O Lz.5 30.0 25.0 2.
calendar 72 23 0 O 90 10 O O 83.5 16.5 0.0 O
week 8 17 o0 1 8 14 o o 8k.0 15.5 0.0 O
months (names) 67 32 1 0 90 10 O O 786.5 21.0 0.5 O
months (length) 12 52 1 O 62 33 5 0 37.0 4.5 18.5 2
year 98 2 0 0 9 5 0 0 96.5 3.5 0.0 O.
leap year 79 19 2 0 & 9 5 0 8.5 1.0 3.5 O
decade 60 32 7 1 71 19 10 0 65.5 25.5 8.5 0
cenbury % 25 5 0 8 9 5 0 T78.0 17.0 5.0 0

o )
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TABLE VIII (Continued)

Percentage of (1) essential (2) desirable, (3) unimportant, (4) blank.

Concephs Teachers Experts Average
1L 2 3 4 1 2 3 k4 1 2 3 L
morning (A.M.) 98 2 0 ©0 95 5 0 ¢ 96,5 3.5 0.00.0
noon 98 2 © 0 9 5 0 0 9.5 3.5 0.00.0
afterncon (P.M.) 98 2 0 ¢ 9 5 0 0 96.5 3.5 0.00.0
midnight 9% 4 0 0 9 5 Q0 © 95.5 L.5 0.00.0
daylight savings 49 3% 15 2 TfL 29 ¢ 0O 60.0 3L.5 7.5 1.0
table 0 27 12 1 7L 29 0 0O 65.5 28.0 6.00.5
zones, standard 61 29 9 1 62 38 0 0 61.5 33.5 L.50.5
Weight ,
ounce 23 3% 35 8 A2 20 9 0 k2.5 31.5 22.0 4.0
pound (1b.) Lo 35 115 90 5 O 5 69.5 20.0 5.5 5.0
hundredweight 32 38 2713 43 19 33 5 37.5 28.5 30.0 k.0
ton 8 12 5 ¢ 7. 24 5 ¢ 7.0 18.0 5.0 0.0
long ton ek Ll 30 05 24 43 33 o 24k.0 k42,0 31.5 2.5
grain 19 28 50 3 ek 29 Lz 5 21.5 28.5 U46.0 4.0
carat 2 B4 69 5 0 k3 52 5 1.0 32.5 60.5 5.0
Other terms
abacus 21 32 39 8 L3 L3 o 5 32.0 37.5 24.0 6.5
average 8 15 2 ¢ 9 5 ¢ 5 86,5 10.0 1.02.5
census 35° 48 1h 3 52 33 10 5 k3.5 L40.5 12.0 4.0
dimensions 71 20 7 2 76 19 © 5 73,5 19.5 3.5 3.5
altitude 62 27 9 2 65 2k 5 5 &h.o 25.5 7.0 3.5
depth 62 30 7 1 & 5 L 5 740 17.5 5.5 3.0
distances & 1% 2 2 90 5 ¢ 5 &5.0 10.5 1.0 3.5
height 3 15 1 1 90 5 @ 5 86.5 10.0 0.5 3.0
thickness 7 27 2 1 & 9 o 5 78.0 18.0 1.0 3.0
width 0 8..15 2 2 9 5 ¢ 5 8.5 10.0 1.03.5
Measurement ,
English system 70 14 12 4 8 9 5 0o 78.0 11.5 8.52.0
Metric system 16 34 43 7 38 L3 19 0 27.0 38.5 31.C 3.5
millimeter 7 38 52 3 24 52 24 0 15.5 45.0 38.0 1.5
centimeter L 32 58 6 28 4B 25 0 15.5 45.0 38.0 1.5
meter 6 3% 57 3 33 L8 19 ¢ 19.5 41.0 38.0 1.5
kilometer 6 33 58 3 24 52 24 0 15.0 h2.5 L1.0 1.5
milliliter 5 21 71 3 5 43 52 0 5.0 32.0 61.5 1.5
liter 5 21 74 0 19 48 33 ©o 12.0 34.5 53.5 0.0
kiloliter L 21 72 3 5 47 48 0 h,5 3%.0 60.0 1.5
milligram L 31 62 3 1b 29 48 9 9.0 30.0 55.0 6.0
gram 43 9 53 L4 24 48 28 o 1hk.0 k3.5 k0.5 2.0
kilogram 3 20 T3 h 9 57 29 5 6.0 38.5 51.0 4.5
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The following concepbs of length wers rated "essential’: inch,

foot or feet, foot ruler, yard, linear, and mile. C(Concepts rated "de-

sirable" were yardstick and rod. QOther concepts of length little

used and rated "unimportant" were hand, sgpan, pace, fathom, nautical

mile, and knot.

All concepts of value (money) except gilver dollar were rated

"egsential.” The "essentlal" concepts were change, coinsg, cent, penuy,

nickel, dime, quarter, half-dollar, and doliar bill.

The measure of parts asg halves, thirds, and fourths were rated

"eggential.” Sixths was rated "desirable.”

The concepts of time rated "essential™ were clock or ofclock,

short (hour) hend, leng (minute) hand, hour, half-hour, half-past, days

(names), hours, minutes, calendar, week, months (namss), year, leap year,

decade, century, morning (A.M.), noon, afternoon (P.M., midnight, day-

light savings, table, and standard zoneg. The concept length of months

was rated "desirable.”

soh were rabed "essential' were pound

neepts of welght which rated "desirable" were

(1b.) and ton. Those cc

ounce, and hundredweight. Long ton, grain, and carst rated "unimportant .’

Some other concepts of measure which were rated "essential" were

average, dimensions, altitude, depth, distances, height, thickness, and

width. The two concepts abacus and census were rabed "desirable."

The English system of measurement was rated "essential" by 78 per

cent of the teachers and experts. The metric system and all metric

measure concepts were rated "unimportant.”
The category on measure was rated "essential' because a large

majority of the items were so rated. The subheadings which were rated
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"essential" were area, capacity, counting, values (money), pertg, time,

and other related concepts. Those which were rated “desirable” were
1Y

lengtih, welght, and various systems of meagurement. One subheading,

volume, was rated "unimportant.” The Ernglish system of measurement
was rated "essentlal,"” bub the mestric system was rated "unimporbtant.”

The Number Sysbem. The Hindu-Arabic number system has probably been

one of men’s greatest achievements in symbols and logic. A thorough
understanding of the number system and all concepts pertaining to 1t
is vital to an elemepbary teacher. Table IX lis%s the concepts pertain-
ing to the number gystem, and the imporbance which the teachers and exe-
perts attach to them.

The concepts of numbers which ware rabed "essential' were Arabic,

even, odd, whole, positlon, digits, group w)q zaro, units, ones' place,

~1

tens, tens' place, hundreds, hundreds' plescs, thousands, mililons, and

billions. Roman numbers were rated “desirable." Three concepts under

da 18

group(s) which were rated “unimportant" were oneness, twoness, &nd

Fivensss.

The following concepts of £ ‘eggential®: part

(of whole), denominator, equal parts, common, numerator, halves, thirds,

fourthe, fifths, sixths, sevenths, elghths, equivalent, improper, proper,

invert, lowest terms, mixed numbers, like (similar), and ualike. Two

woneapts which were rated “desirable" were ratic, and recipe (mixture).

The concepts pertaining to decimals which were rated “"essential"

were decimal point, tenths, hundredihs, per cent, thousandths, and mixed

decimals. One conceph, cents point, was rabed “desirable.”
The category was rated “"essential” because 43 concepts were rated

"egsential," 4 concepts were rated "desirable,” and 3 concepts were

rated "unimporvant.



TABLE IX

THE IMPORTANCE OF THE CONCEPTS OF THE NUMBER SYSTEM FOR THE
ELEMENTARY TEACHER

Percentage of (1) essential, (2) desirable, (3) unimportant, (4) blank.

48

Concepts Teachers Experts Average
1 2 3 L4 1 2 3 L 1 2 3 L
Numbers _
Arabic 8 11 2 1 76 10 014 8..0 10.5 1.0 7.5
even 8 10 1 o 920 5 0 5 89.5 7.5 0.5 2.5
odd. 89 10 1 0 90 5 0 5 89.5 T.5 0.5 2.5
whole 93 6 0 1 90 0 010 91.5 3.0 0.5 5.0
position 8 10 1 0 95 5 0 0 92.0 7.5 0.5 0.0
digits 84 12 3 1 76 10 9 5 80.0 11.0 6.0 3.0
group(s) 68 23 8 1 95 0 0 5 8L.5 11.5 4.0 3.0
oneness 16 14 5713 52 5 38 5 34.0 9.5 47.5 9.0
twoness 14 16 57 13 L8 9 38 5 31.0 12.5 L47.5 9.0
fiveness 13 15 59 13 48 9 38 5 30.5 12.0 48.5 9.0
Zero 8 14 3 3 95 O O 5  87.5 7.0 1.5 k.0
units 8. 17 1 1 & 5 5 4 83.5 11.0 3.0 2.5
ones'place 72 4+ T7 7 100 O 0 O 8.0 7.0 3.5 3.5
tens 98 2 0 0 100 O 0 0 99.0 1.0 0.0 0.0
teng place 72 4+ 7 7 100 0 0 0 8.0 T.0 3.5 3.5
hundreds 98 2 0 0O 100. 0 0 ¢ 99.0 1.0 0.0 0.0
hundreds’ place 67 15 11 7 90 5 O 5 7T8.5 10.0 5.5 6.0
thousands 97 3 0 0 100 0 0 0o 98.5 1.5 0.0 0.0
millions 7% 20 4 0o 100 O 0 0o 88.0 10.0 2.0 0.0
billions 50 31 16 3 76 24 o0 0 63.0 27.5 8.0 1.5
Roman 48 %9 3 0 52 43 0 5 50.0 4.0 1.5 2.5
Fractions
part (of whole) 98 1 0 1 100 O O 0 99.0 0.5 0.0 0.5
denominator 8 6 L4k 1 95 5 0 0 92.0 5.5 2.0 0.5
equal parts 94 5 1 0 100 O O O 97.0 2.5 0.5 0.0
common 8 717 T O 95 5 O O -90.5 6.0 3.5 0.0
numerator 9. 5 L4 0 95 5 0 0O 93.0 5.0 2.0 0.0
halves 95 5 0 0 10 O 0 O 97.5 2.5 0.0 0.0
thirds o9 6 0 O 100 O O O 97.0 3.0 0.0 0.0
fourths 9« 6 ©¢ 0O 100 O O O 97.0 3.0 0.0 0.0
fifths 8 10 1 0o 95 0 5 0 92.0 5.0 3.0 0.0
sixths 8 12 3 0 95 5 0 0O 9.0 &5 1.5 0.0
sevenths 5 20 3 2 57 24 19 0 66.0 22.0 11.0 1.0
eights 8o 15 3 2 90 10 0.0 8.0 12.5 1.5 1.0
equivalent 70 19 10 1 100 0 o0 0o 8.0 9.5 5.0 0.5
improper 8 122 7 1 8 9 5 0 83.0 10.5 6.0 0.5
proper 83 9 T 1 8 9 5 0 845 9.0 6.0 0.5
invert 69 16 13 2 62 14+ 24 0 65.5 15.0 12.5 1.0
lowest terms 83 7 9 1 8L 19 0 0 8.0 13.0 k.5 0.5
mixed numbers 83 9 7 1 95 0 5 0 8.0 L.5 6.0 0.5
ratio 19 48 30 3 90 10 0 O 54.5 29.0 15.0 1.5
. recipe(mixture) 33 52 15 O 57 33 10 0 45,0 k2.5 12.5 0.0
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TABLE IX, Conmtd.

Percentage of (1) essential, (2) desirable, (3) unimportant, (4) blank.

Concepts Teachers Experts ' Average
1 2 3 4 1 2 3 4 1 2 3.4
Decimals

decimal polnt 89 7 31 100 0 0 O 94%.5 3.5 1.50.5
cents polnt 4y 29 23 L4 52 28 5 15 L48.0 28.5 14.0 9.5
tenths 8 T 7 1 100 0 0 0 92.5 3.5 3.50.5
hundredths 83 T 10 0 100 0 0 0 91.5 3.5 5.00.0

per cent 52 29 19 0 7L 24 5 0 6L.5 26.5 12.0 0.0
thousandths 61 22 15 2 90 10 0 O 75.5 16.0 7.5 1.0
mixed 63 21 13 2 & 0 9 5 74,5 10.5 11.0 4.0

Miscellaneous Applications. None of the concepts relating to a

family budget were "essential" to the elementary teachers as shown in
Table X. Concepts of a family budget which were "desirable” were income,

clothing, food, health, recreation, savings, shelter or rent, save, and

spend.. Those concepts rated "unimportant" were advancement, insurance,

TABLE X

THE IMPORTANCE OF THE MATHEMATICAIL, CONCEPTS OF A FAMILY BUDGET FOR THE
ELEMENTARY TEACHER

Percentage of (1) essential, (2) desirable, (3) unimportant, (4) blank.

Conecepts Teachers Experts Average
1L 2 3 4 1 2 3 L4 1 2 3 L

Budget (family)

income 33 53 13 1 48 33 14+ 5 Lo.5 43.0 13.5 3.0
advancement 10 48 35 7 24 52 19 5 17.0 50.0 27.0 6.0
clothing 36 b9 12 3 48 33 1k 5 k2.0 L41.0 13.0 4.0
food L2 43 12 3 62 19 14+ 5 52.0 31.0 13.0 4.0
health 36 Lk 16 L 62 19 14 5 149.0 31.5 15.0 k4.5
insurance 11 56 30 3 24 47 24 5 17.5 51.5 27.0 L.0
recreation 27 51 16 6 33 48 14 5 30.0 49.5 15.0 5.5
savings 0 47 11 2 52 33 10 5 L6.0 40.0 10.5 3.5
shelter (rent) 28 51 16 5 43 33 19 5 35.5 Lk2.0 17.5 5.0
miscellaneous 12 51 23 14 24 24 24 28 18.0 37.5 23.52L.0
save 43 39 13 5 67 19 L4 10 55.0 29.0 8.5 7.5
spend s2 3% 7 5 67 19 5 9 59.5 27.5 6.0 7.0
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and miscallaneguso These are nct strictly mathematical concepts.
However, the study of a family budget is found in most of the arithme-
tic textbooks.

The conceptes of a family budget were "desirable." The majority,
or 9 concepts of a family budget, were rated "desirable," and 3 con-
cepts were rated "unimportant.®

Table XI lists the councepts relating to business and the impor-
tance of these concepts as rated by the elementary teachers and the ex-
perts. None of the concepts of business were rated "essential." The

concepte of business rated "desirable" were prices, cost price, list

price, marked price, sale price, selling price, retall price, save, sell,

spend, and cost. The two conecepts net price and wholesale price were

rated "unimportant.”

TABLE XI

THE IMPORTANCE OF CERTAIN MATHEMATICAL CONCEPTS OF BUSINESS FOR
THE ELEMENTARY TEACHER

Percentage of (1) essential, (2) desirsble, {(3) unimportant, (4) blank.

Concepts Teachers Experts Average
1L 2 3 L 1 2 3 4 L 2 3 b

Buginess
prices 53 3+ 9 L4 62 19 9 10 57.5 26.5 9.0 7.0
cost 50 38 9 2 62 24 9 5 56,5 31L.0 9.0 3.5
list - 16 sk 27 3 38 33 24 5 27.0 U43.5 25.5 k4.0
marked. 25 47 25 3 38 33 24 5 31.5 4.0 2L.5 4.0
net 22 L4h 30 L4 28 29 33 10 25.0 36.5 3L.5 7.0
sale 39 43 17 1 48 33 9 10 L43.5 38.0 13.0 5.5
selling 36 Lk 17 3 57 28 10 5 Lk6.5 36.0 13.5 k.0
retail 25 51 23 1 29 38 28 5 27.0 4k.5 22.5 3.0
wholesale 21 48 28 3 14 48 33 5 17.5 u48.0 30.5 k4.0
save 43 39 13 5 67 19 L 10 55.0 29.0 8.5 T.5
sell b9 38 10 3 57 29 5 9 53.0 33.5 T.5 6.0
spend 52 3 7 5 67 19 5 9 59.5 27.5 6.0 7.0
cost b2 27 4 27 76 19 0O 5 59.0 23.0 2.0 16.0

|
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and round. All concepts under problems ware rated “essential."
Certain concepts pertaining to verbal problems were rated

"egsentisl.”

TABLE XIII

THE IMPORTANCE OF CERTAIN MATHEMATICAL CONCEPTS OF VERBAL PROB-
LEMS FOR THE ELEMENTARY TEACHER

Percentage of (1) essential, (2) desirable, (3) unimportant, (&) blank.

Concepts Teachers Experts Average

1L 2 3 L 1 2 3 4 1 2 3 i

Problems

verbal (story) 85 7 1 7 62 14 0 2k 73.5 10.5 0.5 15.5
one-gtep 9. 8 0o 1 7% 24 0 © 83.5 16.0 0.0 0.5
two-step 8 15 0 0 76 24 0 0 8.5 19.5 0.0 0.0
hidden facts 68 22 8 2 76 10 9 5 72.0 16.0 8.5 3.5
questions 90 8 0 =2 8 1% o 0 83.0 11.0 0.0 1.0
aNSWers 8 15 2 3 8 19 0 0 &.5 17.0 1.0 1.5
approximate 48 45 6 1 % 19 5 O 62.0 32.0 5.5 0.5
estimate 51 43 6 O 8. 19 0 © 66.0 31.0 3.0 0.0
round(off) 39 49 9 3 8 1+ 5 o  60.0 31.5 7.0 1.5
checking 75 15 ¢ 1¢ 7L 19 0 10 73.0 17.0 0.0 10.0
check (work) 54 37 7 2 67 28 0 5 60.5 32.5 3.5 3.5
number stories 75 18 3 k4 57 29 9 5 66.0 23.5 6.0 4.5
problems 66 21 8 5 & 9 5 5 73.5 15.0 6.5 5.0
round 7L 20 5 4 7 24k 0 9 3.0 22.0 2.5 6.5

Table XIV lists some other mathemstical concepts which are impor-

tant. Those concepts rated "essential were same, equals, circle,

squares, each, both and fewer. Other mathematical concepts rated "de-

sirable" were air mail, stemps or pogtage, allke (gﬁ_many gg), and

triangle.
The category was rated "essenitial" because a majority of the

concepts were so rated.
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TABLE XIV

THE IMPORTANCE OF OTHER MATHEMATICAL CONCEPTS FOR THE
ELEMENTARY TEACHER

Percentage of (1) essential, (2) desirable, (3) unimportant, (4) blank.

Concepts Teachers Experts Aversge
1 2 3 4 1 2 3 4 1 2 3 L

air mail 25 50 20 5 38 38 19 5 31.5 44.0 19.5 5.0
stamps (postage) 43 L1 13 3 62 24 5 9 52.5 32.5 9.0 6.0
alike (as many asg)

33 1 0 52 43 0 5 59.0 38.0 0.5 2.5
same & 171 2 o© 8 14 o 5 8.5 15.5 1.0 3.0
equals 78 18 3 1 8% 9 o0 5 82.0 13.5 1.5 3.0
circle 76 22 2 0 66 24 5 5 T1.0 23.0 3.5 2.5
squares 6L 27 9 3 7. 19 0 10 66.0 23.0 4.5 6.5
triangle 28 38 27 7 67 24 4 5 L7.5 31.0 15.5 6.0
each 73 23 3 1 86 9 0 5 T9.5 16.0 1.5 3.0
both 72 23 3 2 86 9 0 5 T9.0 16.0 1.5 3.5
fewer 65 28 L 3 8 9 0 5 T5.5 18.5 2.0 L.0

' Table XV lists the number of concepts which were checked (1)
essential, (2) desirable, '(3) unimportant, and (4) no rating.
Per cents have been ecalculated on the total for each group and have been

included in the table.

TABLE XV
AVERAGE RATINGS OF CONCEPTS

Date taken from Tables IV - XIV (per cent is figured on total)

Essential Desirable Unimportent No Rating Total
No. % No. % No. %  No. %

Concepts 232 69.46 66 19.76 36 10.78 O 0.00 33k

—————
—n—

A total of 334 mathematical conéepts were checked by the elementary
teachers and experts. Two hundred thirty-~two concepts or 69.46 per cent

were rated "essential." Sixty-six mathematical concepts or 19.76 per
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cent were rated "desirable." Thirty-six mathematical concepts or 10.78
per cent were rated "unimportant."

The experts generally rated the mathematical concepts higher than
the elementary teachers rated them. The trends in checking were guite
similer befween the two groups of respondents. An item which was rated
low in the "essential" column by the experts generally was rated low by
the elementary teachers. Also, those items which were rated high in
the "essential" column by the experts were rated high by the teachers.

The tables showed four sets of per cents for a total of 100 per
cent for each concept. The fourth per cent represents those respondents
who did not check the concept. The average per cent of omission checks

for all the concepts was 2.56.
SUMMARY

Approximately 69 per cent of the 334 mathematical concepts checked
by the elementary teachers and experts were rated "essential," 20 per
cent of the mathematical concephts were rated "desirable" and 11 per cent
of the mathematical concepts were rated "unimportant."

Seven of eleven categories of mathematical concepts were "essential"
to the elementary teachers arccording to the check sheets of the elemen-
tary teachers and experts. These were the categories on the concepts of
order, synthesis, comparison, measure, number system, verbal problems,
and other mathematical concepts. Four categories were "desirable" for
the elementary teachefs. These categories were on the concepts of
analysis, budget, business, and graphs. Of the subheadings under the
eleven categories 18 were rated "essential," 5 were rated "desirable,"

and 1 was rated "unimportant."
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Reference was made in Chapter IT to the "importance of meanings,"

and to "meanings teachers should develop."

The important concephs
discussed in this chapter are adequately representative of the catego-
ries which Brownell suggests.? A definition is not sufficient for
most of these concepts. As aﬂ example, the dictionary defines foot

as a unit of length of 12 inches. A few pages further, it defines an
inch ag a small unit of measure, one twelfth of a foot. This has
little or no meaning. Thus, meanings and understandings of the

important concepts of mathematics should be part of the training of

the elementary teacher.

2 Supra, p. 15.



CHAPTER V
ANALYSIS OF DATA, PROCESSES

The objective of this chapter was to analyze the date which con-
cerns the processes of elementary arithmetic in terms of the categories
as mentioned in the hypothesis. The procegses were rated in the same
manner as the concepts in Chapter IV. An average rating of sixty per
cent or higher in any check space indicated the importance of the pro-
cess. If none of the three check spaces received a sixty per cent rat-
ing, then a combination of two check spaces was used to indicate the

importance of the process.

Process is an operation, a course of procedure, a series of actions.
Processes are the actions, operations, procedures, and doings of the

learner in making knowledge a part of his being or existence.
The Categories of Processes

The categories of processes were based upon the topics listed by
Stipanowichl and the topics included in the six sets of elementary
arithmetic textbooks which were listed on pages 21-22. The following

list of processes continues the categories of the questionnaire begun

in Chapter IV2:

+ J. J. Stipanowich, "The Development and Appraisal of a Course in
Basic Mathematics for Prospective Elementary School Teachers,” (Unpub-
lished Ed. D. dissertation, Northwestern University, 1956), pp. 85-87.

2 Supra, pp. 34-36.
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XII. The processss of counting and numersting.
(a) Counting.
(b) NMumerating.
(c) Recognizing quantities.
XIII. The procesges of grouping and regrouping.
(a) Adding.
(b) Subtracting.
(¢) Multiplying.
(d) Dividing.
XIV. The processes of comparing.
(a) Comparing relatively.
(b} Measuring.

Y

XV. The processes lnvolved ln graphing.
XVI. The processes involved in scolving problems.
() Reading with understandiing.

(b) Choosing msthematicel. processes and the operating of

(C> Cheeking mathewablicsl computation
Tregtment of Tat

A table which corregponds to each category of processes has been
constructed, and lists the data, after trestment, from the gquestionnaires.
The tables express in per cent the opinions of the teachers and experts,
and an average betwesn the two groups concerning the mathematical pro-
cegges of elementary arithmetic. Bach process was checked by the elemen-
tary teachers in one of threes spaces as follows: (1) essential, (2) de-
sirable, (3) unimportant. These check points under each classification

were totaled and per cents, based on the total answered questionnaires,

were calculsted. Similar data were given for the experts. An average
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was figured batween the per cents of the teachers and the experts. ALl
anelyses were based upon the average rankings. The conclusiouns for the
category as a whole were based upon the ratings of 2 majority of the
subheadings in each category. Some of the subheadings were also rated
by this method.

Counting, Numerabting, and Recognizing Quantities in Mathematics.

Counting is progressively giving numbers as 1, 2, 3, 4 . . . or 5, 10,
15 . . . . Numerating is working with numbers. Recognlzing quentities
is assoclating names and symbols, and identifyving groups.

Table XVI lists the processes of counbing, numerating, and recogniz-

ing quantities in mathematics and thelr relsated subheadings according to

TABLE XVI

THE IMPORTANCE OF THE MATHEMATICAL PROCESSES OF COUNTING
AND NUMERATING FOR THE ELEMENTARY TEACHER

Percentage of (1) esssntial, {2) desirsble, {3) unimportant, (4) blank.

ol

Processes Teachers Expaxrts Aversge
1 2 3 & 1 2 3 4k 1 2 3 L
counting 66 2 ¢ 32 0 © ¢ 10 T78.0 1.0 0.021.0
by ones 93 7 0 O 100 0 0 0O 96.5 3.5 0.0 0.0
by groups 83 1k 2 1 8 1 o 5 8.0 1k.0 1.0 3.0
numerating 36 6 7 51 8 0 0 1bh 61.0 3.0 3.5 32.5
learning about numbers (meaning)
& 5 2 7 100 0 0 O 93.0 2.5 1.0 3.5
reading numbers 95 4 1 0 00 o 0 0 97.5 2.0 0.5 0.0
using numbers &2 L4 2 12 00 0 O O 91.0 2.0 1.0 6.0
yriting numbers 93 4 3 0O 95 © 0 5 9.0 2.0 1.5 2.5
Arabic numbers 93 6 0O 1 % 5 0 .5 9.5 5.5 0.0 3.0
Roman numbers 48 49 3 0 52 43 0 5 50.0 L46.0 1.5 2.5
position 8 10 1 0 % 0 5 5 8.5 5.0 3.0 2.5
recognizing quantities
38 22 0 Lo 8L ¢ 0 12 59.5 11.0 0.0 29.5
associating number names, words, sSymbols
& 17 o 1 95 0 0 5 83,5 8.5 0.0 3.0
identifying groups
73 22 1 & 95 0 O 5 840 11.0 0.5 L.5
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their importance as rated by the elementary teachers and the experts.

Counting, counting by cnes, and counting by groups were rated "essen-

tial.” Nuwerating and related processes of learning about numbers

(meaning), reading numbers, using mumbers, writing numbers, Arabic num-~

bers, and positions were rabed "ssgential." Numersting in Roman numbers

was rated "desirable." Recognizing quantities also was rated "desirable."

Assoclatbing number names, wordg, symbols, and ldentifying groups which

are subheadings under recognizing guantities were rated "essential.”

The category of counting and numerating was rated "essential" be-
cause 13 items were rated “essential" and 2 items were rated "desirable."”

Grouping and Regrouping. Grouping is assgembling objects according

to some common characteristic. Regrouping is eseparating a group into
smaller groups.

Table XVII shows the processes of grouping and regrouping and
their ratings by the elementary teachers and experts. Adding and re-

lated processes of carrying and pubting together were rated "essential."”

Subtracting and related processes of changing large groups into smaller

groups, countling change, how many left, take away, and borrowing or

carrying back were rated "essential." Counting away was rated "desirable."

Multiplying and carrying, a subheading under multiplylng, were rated

"esgsential ." Alsc, dividing was rated "essential." That fifty-four
per cent of the slementary teachers 4id not check this process probably
indicated a misunderstanding.

The category on grouping and regrouping was rated "eggential" be-
cause a majority, or 15 processes, was rated “essential" and 2 pro-

cesses were rated "desirable.”
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TABLE XVII

THE IMPORTANCE OF THE MATHEMATICAL PROCESSES OF GROUPING AND
REGROUPING IN ELEMENTARY ARITHMETIC FOR THE ELEMENTARY
TEACHER

Percentage of gi)-esseﬁtial;ﬁﬁz-ﬁ&esirable

Processes Teachers Experts Aversage
- 12 3 -4 1 2 3 k.1 2 3 L

Adding 3 2 2 23. 7 0 0

, 29 72.0 1.0 1.0 26.0
carrying 5, 17 21 11 90 O 10 O T70.0 8.5 15.5 5.5
putting together72 16 6 6 8% 14+ 0 0 79.015.0 3.0 3.0
Subtractlng ok 2 1 5. 8 o 0 19 63.5 1.0 0.5 35.0
changing larger groups into smaller groups
48 24 18 100 & 9 5 0 67.016.5 11.5 5.0 °
countlng away 39 28 18 15 - 76 5 19 0 57.516.5 18.5 7.5
counting change 63 27 ‘6 4L TL 24 5 0 67.025.5 5.5 2.0
how many left &9 9 2 0O 100 O O O 945 4.5 1.0 0.0
take away" 87 9 2 =2 86 1+ o o 8.511.5 1.0 1.0
borrow1ng (carrying back)
9 06 0 1 7610 O 1% 87.5 5.0 0.0 7.5
Multiplying '35 25 18 22 8 9 0 5 60.517.0 9.0 13.5
carrying 98 o 0 2 10 0 0 0 99.0 0.0 0.0 1.0
Dividing 32 13 1 5% 8L 0o 0 19 56.5 6.5 0.5 36.5
separating into equal groups
6k 23 8 5 95 5 © 79.5 14.0 4.0 2,5

cutting into equal paris
61 31 4 &4 90 10 O
borrowing (carrying back)
98 1 1 © 8 9 5
getting an average (addition)
. 8 10 o0 1 8 9 o0

75.5 20.5 2.0 2.0
89.5 5.0 3.0 2.5
87.5 9.5 0.0 3.0

\n: AN (&) o

Comparing. Table XVIII listé the processes of comparing snd their
ratings as given by the elementar& teachers and ekperts. Comparing and

the subheading measuring were rated "ggsential.” Comparing quantities

was rated "desirable." Subhesdings under compsring quantities rated

“essential" were fractions (relative size), values in purchases, and:

comparing by difference. One process, comparing gusntities by ratio,

was rated "desirable."

The process of measuring and the subheadings of English system,
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TABLE XVIII
THE IMPORTANCE OF THE MATHEMATICAL PROCESS OF COMPARING IN
ELEMENTARY ARITHMETIC FOR THE ELEMENTARY
TEACHER

Percentage of (1) essential, (2) desirable, (3) unimportant, (h)/blaggé

Processes Teachers Experts Average
1 2 3 L 1 2 3 4 3 2 3 Ly
Comparing 56031 4k 11 90 5 O 5 72.0 18.0 2.0 8.0
measuring 50 38 6 5 95 5 0 0 T73.0 21.5 3.0 2.5
Comparing quantities
L7 10 1 k2 67 0 0 33 57.0 5.0 0.5 37.5
fractions (relative size)
85 11 2 2 100 0 0o 0 92.5 5.5 1.0 1.0
values in purchases .
68 25 L 3 86 14 0O 0 77.0 19.5 2.0 1.5
by difference 65 30 3 2 100 O O 0 82.5 15.0 1.5 1.0
by ratio 6 48 17 19 95 5 O 0 55.5 26.5 8.5 9.5
Measuring b7 23 3 27 76 5 O 19 61.5 14.0 1.5 23.0
English System 74 1L 10 5 95 0 0 5 84.5 5.5 5.0 5.0
metric system 16 35 43 6 38 k8 9 5 27.0 L41.5 26.0 5.5
areas 6h 25 9 2 8 9 0 5 75.0 17.0 Lk.5 3.5
capacity ho 30 28 2 81 9 5 5 60.5 19.5 16.5 3.5
length 52 39 6 3 95 5 (. 0 73.5 22.0 3.0 1.5
money, identifying and value
71 21 kL 90 10 O 0 80.5 15.5 2.0 2.0
money, reading, writing, and meaning ;
72 15 2 11 8 0 0 ik T9.0 7.5 1.0 12.5
time 87 L 1 8 9¢ 5 0 5 88.5 4.5 0.5 6.5
in hours and half hours :
8L 15 2 2 81 19 © o 81.0 17.0 1.0 1.0
in days 66 27 5 2 86 14 0 0 T76.0 20.5 2.5 1.0
in months s 33 8 5 81 19 0 0 67.5 26.0 L.0 2.5
in years 89 g 1 1 9% 5 0 0 92.0 7.0 0.5 0.5
in decades b9 39 11 1 57 3B 5 0 53.0 38.5 8.0 0.5
in centuries 48 33 9 10 71 24 5 0 59.5 28.5 7.0 5.0
volume 32 41 19 8 67 28 ¢ 5 48.5 34.5 9.5 6.5
weight 8y 12 2 2 95 0 0 5 89.5 6.0 1.0 3.5

areas, capacity, length, money (identifying and value), money (reading,

writing, and meaning), time, time in bours and half hours, time in days,

time in months, time in years, and measuring were rated "essential."

Measuring in metric system, measuring in centuries, and measuring
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volume were rated "desirable."

The category on comparing was rated "essential" because a majority
of the processes were so rated.

Graphing and Problem Solving. Table XIX lists the procesgeg of

graphing and their importance. Graphing showed 42.5 per cent "essential"

and 42.5 per cent blank, hence no rating could be made. Interpreting

(understanding) graphs, reading graphs and waps, and using graphs were

rated "essential'. Drawing to scale and mapping were rated "desirable.

TABLE XIX

THE IMPORTANCE OF THE MATHEMATICAL PROCESSES OF GRAPHING
FOR THE ELEMENTARY TEACHER

Percentage of (1) essential, {2} desirable, {3) unimportant, (%) blank.

Processes Teachers Lxperts Average
12 3 & 1 23 L 1 2 3 b

Graphing 28 22 3 L

7 57T 5 0 38 La2.5 13.5 1.5 42.5
drawing to scale 27 56 14 3 67 24 0 9 L7.0 Lo.0 7.0 6.0

interpreting (understanding)
5. 37 5 L4 95 5 0O 0 Th.5 21.0 2.5 2.0

reading graphs, maps

’ 67 28 3 2 95 5 0O 0 8i.0 16.5 1.5 1.0
using 56 33 7 L 86 14 0O 0 T71.0 23.5 3.5 2.0
mapping 33 50 12 5 67 33 O 0 50.0 L4l1.5 6.0 2.5

The processes involved in graphing were rated "essential” since
three items were rated "essential" and two items were rated "desirable."

Table XX lists the processes involved in solving problems in
elementary aritgmetic and their ratings as given by the elementary

teachers and experts. Solving problems, and subheadings, reading prob-

lems, understanding problems, deciding (thinking), were rated "essential."”

The subheadings under thinking, planning and deciding of solving number

stories, and solving problems were rated "essential." Checking was rated
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"desirable.” Approximating in round numbers, & subheading under

checking, was rated "essential."

TABLE XX

THE IMPORTANCE OF THE MATHEMATICAL PROCESSES INVOLVED IN SOLVING
PROBLEMS IN ELEMENTARY ARITHMETIC FOR THE ELEMENTARY TEACHER

Percentage of (1) essential, (2) desirable, (3) unlmportant (h) blank.

Processes Teachers Experts Average
1 2 3 4 1 2 3 L1 2 3 L
Solving problems 62 O O 38 67 0 O 33 64,5 0.0 0.0 35.5
reading 8 2 0 0 9 0 0 5 9.5 1.0 0.0 2.5
understanding 9 0 1 0 9 0 O 5. 97.0 0.0 0.5 2.5
deciding (thinking)
8 1 1 0 95 0 O 5 96.5 0.5 0.5 2.5
- Thinking, planning, deciding
5 9 0 37 8 0 0 19 67.5 L.5 0.0828.0
solving number stories
80 15 3 2 62 29 9 0 T1L.0 22.0 6.0 .0
solving problems T+ 17 7 2 81 14+ o© 5 T77.5 15.5 3.5 3.5
Checking 3% 7 0 57 8 5 o 1% 58.5 6.0 0.0 k0.5
approximating in round numbers
57 35 3 5 9 5 O 0 T6.0 20.0 1.5 2.5

|

b — ——

‘The category on solving problems was rated "essential" because a
mejority of the processes were so rated. Eight items were rated "essen-
tial," and one item was rated "desirable."

Table XXI lists the number of processes which were checked (1)

essential, (2) desirable, (3) ‘unimportant, and (4) no rating.
Per cents have been calculated on the total for each group and have been

included in the table.
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TABLE XXI

AVERAGE RATINGS OF FROCESSES

—

Deta taken from Tables XVI - XX (per cent is flgured on total)

Essentilal Desirable Unimportant No Rating Total

No. %  No. %  No. % No. %
Processes 56 80.00 13 18.57 © 0.00 1 1.43 70

o s
= ——

A total of 7O mathematicel processes which included 1k main headings
end 56 subheadings was checked by the elementary teachers and experts.
Fifty-six,or-SO per cent,of the mathematlcal processes were rated "essen-
tial." These included 9 major heedings and 47 subheadings. Thirteen or
18,57 per cgnt of the mathematical processes were rated deslrable. These
thirteen processes included four major headings and nine subheadings. One
process, graphing, could not be rated individually by the methods set forth
at the beginning of this chapter as it .received an "essential” rating of
42,5 per cent and an "omission” rating of k2.5 per cent. However, the
category was‘ratedr"essential" because three subheadings were rated

"essential" and two subheadings were rated "desirable."
SUMMARY

Eighty per cent of the 70vma£hematical procesééé‘chécked by the
elementary teachers and experts were rated "essentlal." Approximately
19 per cent of thé mathematical précesses vere rated""desirable," and 1
per cent 6f the mathematlcal processes was not rated., All gatégories of

mathematical processes were rated "essentilal" to the elementary teacher.

These categories were the processes of counting and numerating, grouping

and regrouping, comparing, grephing, and solving problems.



These processes adequately cover those recommended from the
Guidance Report on the Commission on Post War Plans.3 Meanings and
understandings have great significance in the mathematical processes of
arithmetic for the elementary teacher. An‘example which 1s inadequately
treatéd in the textbooks and the teacher education books on arithmetic
is the "inversion" rule in division of fractioms. Most authors simply
state the rule and give little or no explanation. It is simply an
application of the principle that both numerstor and dencminator of a
fraction can be multiplied by the same number without changing the value
of the fraction. The multiplier is so chosen that the dencminator be-
comes one. |

These meanings and understandings of all mathematical processes of

arithmetic should be a part of the training of the elementary teacher.

3Supra, p. 2.



CHAPTER VI
SUMMARY OF FINDINGS

This investigétion was concerned with the problem of identifying
the concepts and processes of mathematics needed by an elementary teach-
er to teach arithmetic in grades one to six.

The need for this investigation has been supported by research which
has shown a lack of understanding of meanings in elementary arithmetic
by the teachers. Many teachers are incompetent in mathematical pro-
cesses. Many teachers exhibit uﬁfavorable attitudes toward arithmetic
because of incompetency and a lack of understanding,

The design of the investigation was based upon three assumptions:

l.\MMeeting varioﬁs classroom situations which require making deci-
slons concerning the use of text material requires an understanding of
the concepts and processes of mathematics on the part of the elementary
teacher.

2., To teéch arithmeticJadequately for pupil learning with meaning
and understanding, the teacher himself m;st understand the underlying
m;thematiéal concepts and processes.

3+ Elementary teacher needs invol#ing concepts and processes of
ari%hmetic are of prime importance in their training. |

The purposes of the investigation were (1) to identify the concepts
end processes of elementary arithmetic, and (2) to ascertain from the

opinions of & selected group of elementary teachers and experts the

66
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importance of these concepts and processes.

The first purpose was obtained by analyzing thirty-eight elementary
arithmetic textbooks which included six complete sets of books from
grades one to six, and two extra first grade books. The second purpose
was obtained through a questionnaire which was checked by a group of
elementary teachers and a group of experts. A carefui selection of both
the elementary teachers and the experts was made. The teachers were se-
lected from approved independént schools of more than twelve teachers and
upon recommendation of their principals. The experts were selected from
authors of elementary arithmetic textbooks, authors of books on elementary
erithmetic, authors of articles on arithmetic, and mathematics educators.
These included college teachers, and elementary supervisors in both
teacher colleges and large city school systems.

The "essential' topics in elementary arithmetic have been fairly well
established. The categories of concepts and processes were based on
these established lists of topics, and especially on the six sets of
arithmetic textbooks which were used in the survey for this study. Thus,
the categories and questicnnaire: were closely relsated since they came

mainly from the same sources.
The Findings

The basis for identification of mathematical concepts and processes
was the importance attached to these items by the elementary teachers
and by the experts.

Those categories and mathematical concepts rated "essential"
from the checks on the questionnaire of both the elementary teachers

and the experts were:
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The concepts of order which included the natural numbers: one

two, three, four, five, six, seven, eight, nine, ten, eleven,

twelve, thirteen, fourteen, fifteen, sixteen, seventeen,

eighteen, nineteen, twenty, thirty, forty, fifty, sixty,

geventy, eighty, ninety, and one hundred; and the ordinal

numbers: first, second, third, fourth, fifth, sixth, seventh,

eighth, ninth, and tenth.
Synthesis which included the following concepts of addition

and multiplication: add, and,plﬁs, how many, altogether,

together, carrying, multiplier, multiply, product, tables,

and bBwWice.
Comparison which ineluded the following pairs of antonyms of

mathemstical significance: abbve-below, big-little, bottom-

top, fast-slow, few-many, féwer-more, first-last, héavier-

lighter, heavy-light, in-out, large-small, larger-smaller,

largest-smallest, left-right, long-short, longer~-shorter,

longest~shortest, more-less, oidmyoung, tall-short, taller-

shorter, tallest-shortest, wide-narrow, high-low, higher-

lower, highest-lowest, before-after, buy-sell, full-empty,

east-west, north-south, increase-decrease, more-less,

nearest-farthest, part-whole, share-keep, sum-difference,

and upward-downward.

Measure which included the following useful units of the

English system: teaspoon, tablespoon, cup, pint, quart,

gallon, peck, bﬁshel, units, pairs, dozen, zero, inch,

foot or feet, foot ruler, yard, linear, mile, change, coins,

cent, penny, nickel, dime, quarter, half-dollar, dollar bill,
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halves, thirds, fourths, clock or o'clock, short (hour) hand,

long (minute) hand, hour, half-hour, half-past, days (rpmes),

hours, minutes, calendar, week, months (names), year, leap

year, decade, century, morning (A. M.}, noon, afternoon (P. M.)

midnight, daylight savings, table, standard zones, pound (1b.),

average, dimensions, altitude, depth, distances, height, thick-

ness, width, English system of measurement,

VI. The number system which included the following basic concepts

for all numbers: Arabic, even, odd, whole, position, digits,

groups, zero, units, ones' place, tens, tend place, hundreds, .

hundreds’plage, thousands, millions, billions, part (9£ whole),

denominator, equal parts, common, numerstor, halves, thirds,

fourths, fifths, sixths, sevenths, eighths, equivalent, im-

proper, proper, invert, lowest terms, mixed numbers, like,

(similar), unlike, decimal poink, tenths, hundredths, per cent,

thousandths, and mixed decimals.

X. Concepts pertaining to verbsl problems which included: wverbal

story problems, one step problems, two step problems, hidden

facts, questions, answers, approximate answers, estimate

answers, round (off) answers, checking, check (work), number

stories, problems, and rcund.

XI. Other, or miscellaneous concepts which included: same, equals,

circle, squares, each, both, and fewer.

The following concepts from the four categories rated "desirable" .

were rated "essential”s; difference, how many left, minus, take away,
» J s

fractions, borrowing, dividend, quotient, trial quotient, and bar graph.

Those categories and mathematical concepts rated "desirable" were:
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VII.

VIII.

IXO
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Analysis which included the following concepts of subtraction

and division: count change, left (over), remainder, exceeds,

minuend, subtrahend, needs, and cancellstion.

Family budget which included: income, clothing, food, health,

recreation, savings, shelter or rent, save, and spend.

Busineés which included the following general terms of retail

selling: prices, cost price, list price, marked price,

sale price, selling price, retail price, save, sell, spend,

and cost.

Graphs which included: divided bar, horizontal bar, vertical

bar, circle, line, picture or pictograph, scale, scale drawing,

scale model, and scale maps.

The following concepts from those categories rated "essential" were

rated "desirable": column, sum, total, partial product, older-younger,

oldest-youngest, half pint, barrel, cubic inches, cubic feet, cubic

yards, yardstick, rod, silver dollar, sixths, length of months, ounce,

hundred weight, abacus, census, Roman numbers, ratio, recipe (mixture),

cents point, air mail, stamps or postage, alike (as meny as), and

triangle.

Those categories and mathematical processes rated "essential' from

the checks on the questionnaires of both the elementary teachers and the

experts were:

XII.

Counting and numerating which included the following elementary

basic understandings and manipulations: counting, counting by

ones, counting by groups, numerating, learning about numbers

(meaning), reading numbers, using numbers, writing numbers,

Arsbic numbers, positions, associating number names, words,

symbols, and identifying groups.
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XITI. Grouping and regrouping which included: adding, carrying,

putting together, subtracting, changing large groups into

smaller groups, counting change, how many left, take away,

borrowing or carrying back, multiplying, and dividing.

XIV. Comparing which included: comparing, measuring, fractions

(relative size) values in purchases, comparing by difference,

measuring in the English system, measuring areas, capacity,

length, money (identifying and value), money (reading,

writing and meaning), time, time in hours and half hours,

time in days, time in months, and time in years.

XV. Graphing which included: interpreting (understanding) graphs,

reading graphs and maps, and using graphs.

XVI. Solving problems which included: reading problems, understand-

ing problems, planning, deciding, thinking, solving, number

stories, solving problems; and approximstely in round numbers.

All the categories of mathematical processes were rated "essential,!

Some of the subheadings rated "desirable" were: numerating in Romen

numbers, recognizing quantities, count away, comparing quantities,

comparing by ratio, measuring in metric system, measuring EE centuries,

measuring volume, drawing to scale, mapping, checking (problems).

A rating of;"essential" meant that an average of 60 per cent of both
the elementary teachers and experts checked these items in the "essential"
check space on the questionnaire. A rating of "desirable" meant either
an average check of 60 per cent or more in the "desirable” check space
or a combination of two check spaces to mske 60 per cent or higher.
Although the "essential" check space may have shown a higher rating than

the "desirable" check space, the combination was rated "desirable.”
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A total of 334 mathematical concepts and a total of 70O mathematical
processes were checked for lmportance by 245 elementary teachers and by
21 experts. Two hundred thirty-two concepts or 69.46 psr cent were
rated "essential.® Sixty-six mathematical concepts or 19.76 per cent
were rated "desirable.” Thirty-six mathematical concepts or 10.78
per cent were rated "unimportant.® Fifty-six or 80 per cent of the
methematical processes were rated "essentisl.® Thirtesn or 18057 per
cent of the mathematical procssses were rated "desirable.” None were

3

rated "unimportant.” One process was not rated.

A total of LOL mathematical concepts and processes were checked by
the elementary teachers and experts. Approximstely 71 per cent of these
concepts and processss were rated "essential.” Approximately 20 per
cent of the concepts and processes were rated "desirable,” and § per
cent were rated "unimportant.”

Thus the conseunsus concerning the concepts and processes of mathe-
matics ¢f both the experts and the elementary teachers ag set forth in
the hypothesis has been determined.

An arbitrary rating of 60 per cent, which was more than one-half of

the rotes, was chosen in making the final decision for the importance of

]
[l
€3
e

h item. Although a more rigerous sbatisticsl treatment was possible,

. treatment on the basis of 60 per cent or higher seemed adequate for

ot
jo
e
v

this investigation.
This type of study hasg certain inhsrent wsaknesses such as: (1)
inability to commmunicabe sgqually well to all respondents, (2) sub-

jectivity in response, (3) failure to respond, and (&) inability of

the investigator to check further on the respouses.



CHAPTER VIT
CONCLUSIONS AND RECOMMENDATIONS

Twe general conclusions seem evident from this investigation.

1. A clear consensus exists among vetermn and competent elemen-
tary teachers, (a) concerning what concepts of elementary arithmetic
are "essential” in the teaching of arithmetic, (b) concerning what pro-
cesses of elementary arithmetic are "essential" in the teaching of
arithmetic.

2. A clear consensus exists gmong the experts (a) concerning what
concepts of elementary arithmetic are "essential" for the elementary
teacher, (b) concerning what processes of elementary arithmetic are

"essentigl" for the elementary teacher.
Recommendations

The concepts and processes which have been identified in this study
do not include the totality of those which the teacher will likely need
in the coming years. New and modern mathematical concepts are beginning
to infiltrate the elementary school courses. Modern mathematics em=
phasizes structures, or patterns, which permeate all mathematics. The
number system is based upon these structures. Structuring is an over-
all processing which extends throughout mathematics.

As a result of the findings in this study, the investigator mekes

the following recommendations:

-3
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All concepbts and processes of elemenﬁary arithmetic which
were rated "essenmtial” should be strongly emphasized in the
training of elementary teachers.

All concepts and processes of slementary arithmetic which were
rated "desirable® should be included in the training of the
elementary tescher,

All concepts and processes of elementary arithmetic which were
rated “"essential® along with their meanings and uses should be
included in the textbooks for the training of elementery teachers.
These recommendations should be organized under the framework
of the categeries listed in Chapters IV and V and put into a
bulletin for immediate use in the training of elementary
teachers at both the pre-service and in-service levels.

College teachers should not conly add new and modern mathematical
concepts and processes, but should experimernt to show whether.
these concepts and processes can be baught and, if so, whether
they are an aid in understanding arithmetic and mathematics.
Ccllege teachers should explain and demonstrate to elementary
teachers the structures as they permeate all mathematics,

and should experiment to show whether these structures are an
ald in understanding and development of mathematical

thinking.
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Directions for‘Séoring

The following concepts and processes of elementary arithmetic were
~ selected on a frequency of occurrence basis from six major sets of
-elementary arithmetic books. These concepts and processes may vary in
importance in the mathematical development of the child.

Concepts are the elements of knowledge. Concepts as used here
are simply mathematical terms which are used by the teacher or textbook
to develop the child in his mathematical understanding, thinking and
reasoning. Processes are the operations such as adding, subtracting,
multiplying, dividing, measuring, etc., which the child performs with
numbers. ' : -

Please check in the space at the right according to the importance
which you consider the concept or process to have in the mathematical

development of understanding, reasoning, and thinking of the child.
The ratings are (1) essential, (2) desirable, (3) unimportant.

CONCEPTS

PART I: FIRST, SECOND AND THIRD GRADES

1. Essential 1. Hssential
2. Desirable , 2. Desirable
: B 3. Unimportant ‘3. Unimportant
: - L1213 K
[ABDTTION ‘ ' ' 19 short hand (hr)
l add ' 20 long hand (min)
2 and ' ] . 21 "~ hour
3] colum ' 22 half~hour
L plus (£) . 23 half-past
51 how meny - 2k [T T days (nemes)
6 sum _ X 25 hours. -
T1 “total ' ' 26 minutes
8 altogether ' Eg seconds
9 ﬁogether 5 2 calendar
. ACTION j 29 week
10 | " count change v 30 months (names)
11 [ cross {out) ' . 31 months (length
12| difference _ 32 7 year
13 how many leit - 33 Weight :
1k Teft (over) 34 ~ ounce
15 minus (-) 35|  pound (1b)
16 | remainder - 36| Tength:
17 take away - 37 inch
[ MEASTRE 38 Toot (feet)
' Time: . o - 39. foot ruler
18 clock (o'clock) T T T 4o yard



yardstick

Volume:

- half pint (cup)

- pint

quart

- Parts

halves

“thirds

fourths

sixths

Money

coins

cent

_ penny

nickel

dime

quarter

- half-dollar

dollar, silver

dollar, bill

COMPARISONS -

above-below

big-little

bottom~top

fast~slow

few-many

fewer-more

first-last

heavier«lighter

heavy-light

in-out

large-small

larger-smaller

largest-smallest

left=right

long=short

longer-shorter

longest-shortest

more-less

old~young

older~younger

oldest-youngest

tall-short

taller~shorter

tallest~shortest

wide-=narrow

- high-low

higher~lower

highest«lowest

NUMBERS

1 one

2 two

3 three

St

four

five

six

seven

eight

O} 03—} OY\I| 1

nine

10 ten

1l eleven

12 twelve

13 thirteen

14 fourteen

15 fifteen

16 sixteen -

17 seventeen

15 eighteen

19 nineteen

20 twenty

30 thirty

4O forty

50 Tifty

,00 sixty

70 seventy

30 eighty

90 ninety

100 one hundred

ORDINAL NUMBERS

first

second

third

fourth

fifth

sixth

seventh

eightn

ninth

tenth

OTHER TERMS

air-mail

alike (as many as)

same

answer

both

- cents point

change

check (work)

circle

c¢ost

count

dozen

- each

-equals (=)

Tewer

group(s)




o
N

o : 123
143 [ oneness - : : 156 hundreds plsce
1hh “twoness - : - 157 | pumber stories
145 [ fiveness R 158 [ problems
16 [ 'whole N 159 [T round
147 [Thalf R 7|, 160 [ save
148 [~ middle 161 [ sell
149 [ next - 162 [ spend -
150 [ - multiplicatien QX)-- : 163 | squares (figure)
151 [ mudltiply » ’ 1 16k [ stamps (postage)
152 [~ need{s) ' 165 [ think
153 [ next 166 | triangle
154 [~ ones place 167 | zero
155 | - tens place

PROCESSES

FIRST, SECOND AND THIRD GRADES

1. Egsential
2. Desirable
3. Unimportant

1] 2

168 | Adding

169 [ carrying

170 putting together

171 | Checking

172 | Comparing

173 |- measuring

174 | Counting

1751 - by ones

176 by groups

177 | Dividing

178 separating into equal groups

179 cutting into egual parts

180 | Greuping

181 | Measuring

182 length

183 | money (identifying and value)




184
185
186
187
188

189

190
191
192
193
194

195
196
197

198
199
200
201
202
203

204
205
206

reading, writing and meaning

time, in hours and half-hours

time, in days

~time, in months

“volume (liguid)

Multiplying

NUmeratlng

- learning about numbers (meanlng)

reading numbers

using numbers

writing numbers -

Recognlzing quantities

T aBSOCiALiNg NUmMber names, Words, Symbols

identifying groups

Subtractlng

changing larger units €0 smaller
gcogunting away :

epunting change

- how many left

- take away

Thinking (plann1ng-dec1d1ng)

solving number stories
selving problems
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PART ITI:

CONCEPTS

FOURTH, FIFTH AND SIXTH GRADES

1.  Essential -~ .
2. Desirableée
3+ Unimportant

8"(’

1. Essenbtial . .
2. Desirableée
3. Unimportant

oW O~ O\ FWM

123 , 11213
BUDGET (Family) 39| __scale '
income (salary,wages Lo drawing
advancement b model
clothing L2 maps
“Tood “SUBTRACTION
health L3 exceeds
insurance Ll minuend
recreation 45 subtrahend
savings .| MULTIPLICATION
shelter (rent) 46 [ earrying
miscellaneous L7 multiplier
BUSINESS U8 [ product T
prices Lo partial product
cost 50 tables
1ist 51 twice
marked DIVISION
net b2 fractiens
sale 53 borrowing
selling 54 caret ( )
retail 55 canceéllation
" wholesale 56 dividend
COMPARISON 57 [ divisor
before-after 58 [ quotient
‘buy~sell 59 trial gquetient
full-empty ' PRUOBLEMS
east~west 60 verbal (story)
north-south 61 one step
increase-decrease 62 two step
more-less 63 hidden facts
nearest-farthest 6L questions
“part-whole 65 answers
“share-keep 66 approximate
~sum-difference 67 estimate
 upward~downward 68 “round (off)
"GRAPHS 69 ehecking
bar , | NUMBERS
divided TO Arabic
horizontal 71 even
vertical T2 odd
circle 73|  position
line _ Th | digits
picture (pictograph) 5 units




112
113
114
115
116
7
118
119

120
121
122
123

hundreds

thousands

millions -

billions =

- whole

FRACTIONS

part (of whole)

denominator

equal parts

. common

numerator

halves

thirds

fourths

fifths

sixths

- sevenths

eighths

equivalent

improper

proper

invert

Towest Terms

mixed numbers
ratio

Tecipe (miXLure)

~1like (51milar)

unlike

DECIMALS

- deeimal point

- tenths

T hundredths

per cent

thousandths

mixed

MEASUREMENT

English System

Metric System

COUNTING

units

pairs

dozen

Bpore

gTross

quire

ream

Zero

(TENGTH

linear

rod

mile

millimeter

124
125
126
127
128
129
130
131
132

133

134

135 |,

136
137
138
139
140
1h1
k2
143

1Lk
145

146
147

148
149
150
151
152
153

5k

155
156

157
158
159

160
161

162
163

164

165
166 |

167
168
169

centimeter

meter

kilometer

hand

Bpan

pace

fathom

nautical mlle

knot

TIME

morning (A.M.)

noen

afternoon (P.M.)

midnight

daylight savings

year

leap year

decade

century

table

zones, standard

AREA

surface

sguare units
(in. £t. yd.)

acre

Section (sq. mi.)

CAPACITY (volume)

teaspoon

tablespoon

cup

gill

pint

quart

gallon

peck

‘bushel

barrel

milliliter

liter

kiloliter

VOLUME

cubie units
(in. ft. ete.)

bpard feet

-.cubie centimeters

WEIGHT

hundredweight

ton

long ton

grain

milligram

gram




170
171

172

173

174
175

89

Flogram . | 176 [ aititude

egrat - - 177 depth

abacus - , 179 height

OTHER TERMS - 178 [ distances

average 180 thickness

census ' 181 width
dimensions

182
183

184 |

185
186

187
188
189
190

191
192

193
194
195
196

197
198
199
200
201

PROCESSES

FOURTH, FIFTH AND SIXTH GRADES

1.
2.

3.

Essential
Desirable

Unimportant

1

2

3

Dividing

“borrowing (carrying back)

getting an average (addition)

Multiplying

carrying

Numerating

Arabie numbers

Roman numbers

positions

Subtracting

boerrowing (carrying back)

Selving Problems

reading

understanding

~ deciding (thinking)

Messuring

English System

_Metric System

areas

capacity (volume)




202
203
20k
205
206

207
208
209
210
211
212

213
214
215
216
217

218
219

years

decades

centuries

~weight

Graphing

drawing to gcale

interpretating (understanding)

reading graphs, maps

using -

mapping

Comparing quantities

fractions (relative size)

values 1in purchases

by difference

by ratio

Checking

- approximating in round numbers

S0



PERSONAL DATA SHEET

Please £111 in the following blanks:

Name Address

0

Scheool 1n which you work

Grade of teaching, if self contained

If departmentalized, what department

Studied mathematics as follows: (Give number of years)

High School : years
General Math years
Algebra yedrs
Geometry _years
Other (Specify) ~—

years
years

Semester hours of college mathematics
Semester hours of special methods of mathematies in college

Number of years of teaching
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NORTHEASTERN STATE COLLEGE
Tahlequah, Oklshoms

Department of Mathematics (date)

(Inside address)

I am sure that you, as a college teacher and leading eduecator,
share my interest in the adequate preparation of elementary teachers.
Since elementary teachers exert a tremendous influence upon children
in developing attitudes, interests, enthusiasms, habits and ambi-
tions, they should be carefully selected, excellently trained and
most happy in their work. The purpose of this study is to identi-
fy the concepts and processes of mathematics needed by an. elementary
teacher to teach arithmetic adequately in grades one to six. It is
hoped this may be of use in the preparation of elementary teachers.

Would you please take a few minutes teo check the enclosed
questionnaire? Also, if there are other concepts or processes
which you consider important, I would sincerely appreciate your
listing <Them.

In order that I might get an opinion from successful teachers
on the job, would you please list the names and addresses of five or
more; elementary arithmetic teachers or supervisors in your aresa.

Dr. James H. Zant of Oklashome State University 1s advising with
me, and would appreciate your cooperation in making this survey. '

Thank you very much for your time in helping me make this survey.
A summary will be sent to you when the survey is completed.

Sincerely yours,

Raymond Carpenter
Associate Professor
of Mathematics
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NORTHEASTERN STATE COLLEGE
Tahlequah, Oklahoma

Department of Mathemstics (date)

(inside address)

As = mathematics teacher in college, I am very much interested
in the preparation of elementary teachers of arithmetic. I have pre-
pared a questionnaire on the conecepts and processes of elementary
arithmetic, and need the opinions of a number of elementary teachers
on the imporftance of these concephs in the teaching of elementary
students.

I want to solicit your help, and wish to ask you to list five or
more of your better elementary arithmetic teachers within grades one
to six, together with their addresses and the grade which each one
teaches.

Please select the teachers with the following in mind:

1. Do they seem to be better teachers in comparison with others
in their field?

2. Do pupils seem to rate higher in arithmetic after being
taught by these teachers in comparison with cther teachers?

3. Have these teachers been successful as teacherg over a period
of years?

T will in no way involve your name with these teachers. I want
an honest, voluntary response to the questionnaire. I have already
hsd responses fram a number of coliege professors and would like very
much to compare these with successful teachers in the field.

Dr. James H. Zant of Oklahoma State University, Stillwater,
Oklahoms is assisting me with this survey, and joins with me in
thanking you for your prompt and helpful cooperation.

Sincerely,

Raymond Carpenter
Associate Professor
of Mathematics



From:

(Give your name and address)

NAME

ADDRESS

GRADE
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NORTHEASTERN STATE COLLEGE
Tahlequah, Oklahoma

Department of Mathematics (date)

¢

(inside address)

As a superior teacher in your fleld, your experience would be
most valuable in the training of elementary teachers. And, as a
teacher in a college whose main cbjective is the preparation of
teachers, I am vitally interested in the preparation of elementary
teachers of arithmetic.

In the pages which follow, there is a questicmnaire (or that
part of the questionnaire which embraces the grade or grades you
are teaching) based on concepts and processes which children ex-
perience in grades one to six. The purpcse of this study is to
identify the concepts and processes of mathematics needed by an
elementary teacher to teach arithmetic adequately in grades one to
six. It is hoped that the results of this survey may be used in
more adequate preparation of elementary teachers.

Will you please check the quegtionnaire, fill out the personal
data sheet, and return them to me in the self addressed envelope?
Dr. James H. Zant of Oklahoma State University is advising me with
this survey, and Jjoins with me in thanking you for your time. IT
you so indicate, a summary of the results will be mailed to you
when it is completed.

Yours very truly,

Raymond Carpenter
Agsociate Professor
of Mathematics



97

NORTHEASTERN STATE COLLEGE
TAHLEQUAH, CKLAHOMA

Department of Mathematics (date)

(inside address)

Two weeks ago you received a questionnaire on the concepts
and processes of elementary arithmetic for grades one to six.
It is very important that I have your answer as soon as possible.

Would you please check the enclosed pogtcard, or the
guestionnaire, and wail it to me as soon as you can conveniently
do so7% \

Thank you very much.

Sincerely,

Raymond Carpenter
Assoclate Professor
of Mathematics
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ARITHMETIC BOOKS ANALYZED FOR
LIST OF CONCEPIS AND
PROCESSES

Brueckner, Leo J., F. E. Grossnickle, and Elda L. Merton.
Arithmetic We Use (Grades One to Six). Chicago:
John C. Winston Company, 1942.

Clark, John R., Charlotte W. Junge, and Harold E. Moser.
Growth in Arithmetic (Grades One to Six). New York:
World Book Company, 1952.

Mallory, Virgil S., Dennis H. Cooke, and Amanda Loughren.
Using Arithmetic (Grades One to Six). Chicego: 3Ben].
H. Senborn and Company, 1946.

Morton, Robert Lee, Merle Gray, Elizabeth Springstun and
William L. Scheaf. Making Sure of Arithmetic. (Grades
One to Six). New York: Silver Burdett Company, 1952.

Studebaker, J. W., W. C. Findley, G. M. Ruch, and F. B.
Knight. Study Arithmetics (Grades one to Six).
Chicago: Scott Foresman and Company, 194T.

Wheat, H.G., Geraldine Kauffmen, and Harl R. Douglass.
Row-Peterson Arithmetic (Books One %0 Six). Evanston:
Row, Peterson and Company, 195k.

Two Other Books Used

Bartoo, G. C., Bess Stinson, and Jesse Osborn. Adventures
with Numbers (Grade 1). St. Louis: Webster Publish-

ing Company, 1952.

Stern, Cetherine. Discovering Arithmetic (Grade 1).
Boston: Houghton Mifflin Company, 1952.
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LIST OF EXPERTS

Dr. Lee E. Boyer
Millersville State Teachers College
Millersville, Pennsylvania

Dr. Leo J. Brueckner
7267 Hollywood Blvd., Apt. 3
Hollywood, California

Dr. B. R. Buckingham
Editorial Department
Ginn and Company

Boston, Massachusetts

Dre. Sarah Burkhart
Office of the County Superintendent
Tulsa, Oklahoma

Dr. G. T. Buswell

Professor of Educational Psychology
University of California

Berkeley, Californis

Dr. John R. Clark
Mt. Road, Route 3, Box 149
New Hope, Pennsylvania

Dr. Chester K. Davis
Director of Training School
Arizons State College
Flagstaff, Arizona

Dr. Harcld Fawcebt :
Chairman, Dept. of Educaticn
Ohio State University
Columbus, Ohio

Dr. Bob Fouch
Florida State University
Tallahasse, Florida

Dr. William Gage
University of Florida
Gainesville, Florida

Dr. Glennadine Gibbs
Iowa State Teachers College
Cedar Fallg, Iowa
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Dr. Foster Grossnickle
State Teachers College
Jersey City, N. J.

Miss Frankie E. Harris
Northeastern State College
Tahlequah, Oklahoms

Dr. R. L. Morton
Professor of Education
Ohio University
Athens, Ohio

Dr. Francis Mueller
State Teachers College
Towson, Maryland

Dr. C. V. Newsom
President, New York University
New York City, N. Y.

Dr. Edna E. Parker

Associate Professor of Education
Florida State University
Tallahasse, Florida

Dr. Anmn Peters
Keene Teachers College
Keene, New Hampshlre

Miss Mildred E. Randels
Northeastern State College
Tahleguah, Oklahans

Dr. C. C. Richtmeyer
Central Michigan College
Mt. Pleasant, Michigan

Dr. Herbert F. Spitzer
Principal, University Elementary School
Iowe City, Iowa

Dr. C. Newton Stokes
Professor of Mathematics
Temple University
Philadelphia 22, Permmsylvanila

Dr. Ben A. Sueltz
Professor of Mathematics
State Teachers College
Cortland, New York
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Dr. Robert L. SBwain
New York State Teachers College
New Platz, New York

Dr. Esther J. Swenson

Professor of Elementary Education
University of Alabama

University, Alabama

Dr. C. L. Thiele

Divisional Director, Exact Sciences
Detroit Public Schools

Detroit, Michigan

Dr. Vaud Travis
Northeastern State College
Tahlequah, Oklahoms

Dr. Henry Vankngen
University of Wisconsin
Madison, Wisconsin

Dr. Harry G. Wheat
Professor of BEducation
West Virginia University
Morgantown, West Virginia

Dr. Mary Witt

University School
Florids State University
Tallahasse, Florida

Dr. Clifford Woody (deceased)
School of Educatlon
University of Michigan

Ann Arbor, Michigan

Dr. F. Lynwood Wren

Professor of Mathematics

George Peabody College of Teachers
Nashville, Tennessee
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PRINCIPALS AND SUPERVISORS WHO RECOMMENDED
ELEMENTARY TEACHERS TO CHECK THE
QUESTTONNATRE

ATABAMA

Miss Flora Mary Pearson
Westlawn Scheol
Mobile, Alabama

Mrs. Dorthia Taube

City and County Supsrvisor
of Elementary Education

Moblle, Alsbams

Miss Sara Davis
Verner School
Tuscalcosa, Alsbama

Miss Katle Williams
Tuscalooss County Schools
Tuscaloosa, Alabama

Miss Margaret Strickland
West End School
Tuscaloosa, Alabama

CALIFORNTA

Migs Sagie M. Ostendorf
Williams Elementary School
Bakersfield, California

KANGAS

Miss Ide M. Tinnin
Frances Willard Elementary School
Arkansas City, Kansas

Jim Harris
Central Elementary School
Baxter Springs, Kansas

Miss Vida M. Williams
Whittier Elementary School
Coffeyville, Kansas

James Yates
Park Elementary School
Columbus, Kansas

Misg Vers Clark
Kansas Ave. Elementary School

Emporisa, Kansas

Miss Margaret Stinsman
Central Flementary School
Hutchinson, Kansas

W. A. Culp
Washington Elementary Schocl
Independence, Kansas

Mapesg Davig .
L. M. Alcott Elementary School
Kansag City, Kansas

W. L. Duby
Waghington Elemenitary School
Newton, Kansas

Ralph Loyd
Hawthorne Elementary School
Ottawa, Kansag

George L. Dova
Washlngton Elementary School
Parsons, Kansas

Joe Heltsz
Eugene Field Elementary School
Pittsburg, Kansas

C. A. Brooks
Lincoln Elementary School
Salina, Kansas

Miss Althea Smith
Classen Elementary School
Wichita, Kansas

Walter W. Smith
College High Elementary School
Wichita, Kansgas

Ralph E. Jones
Pranklin Elementary School
Wichita, Kansas



Miss Jesgsle Thompson
Willard Elementary School
Wichita, Kansas

MISSOURL

Marvin Thomas
Central School
Boonville, Missouri

Mrg. Lyda Gibbs
Jefferson Elementary School
Cape Girardeau, Missouri

Joe M. Barnes
Ridgeway School
Columbia, Missouri

Paul G. Fleeman
Grant Elementary School
Columbia, Missouri

Irs. Mildred Kearnes

Benton and 0ldham Elementary
Schools

Independence, Missouri

Miss Bess N. Dahl
Hale H. Cock Elementary School
Kansas City, Missouri

Eugsne P, Wheeler
Humboldt Elementary School
Kansas City, Missouri

William L. Wynn

J. Milton Turner Elementary
School

Kirkwood 22, Missouri

Inez M. Harrison
Central Elementary School
Neosho, Missouri

C. E. Coursey
Wheatley Elementary School
Popular Bluff, Misscuri

Miss Virginia Renshaw
Boyd Elementary School
Springfleld, Missouri

106

Mrs. Emms Gann
Holland Elementary School
Springfield, Missocuri

Charles R. Swan
Robbersgon Elementary School
Springfield, Missouri

Herbert ¥. Church
Adams Elementary School
St. Louis, Missouri

Lloyd L. Glenn
South Park Elementary School
8t. Joseph, Missouri

Elizabeth J. Watson
Fugene Field School
Webb City, Missouri

Harold T. Downs
Lockwood Elementary School
Webster Groves, Missouri

OKLAHOMA

Mise Bonnie M. Allen
Irving Elementary School
Ada, Oklahoma

S. G. Hove
Wilson Elementary School
Altus, Oklahoma

Paul Bailey
Sunset Elementary School
Anadarko, Oklahoma
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