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The status of the elementary teacher wi.th re:ference to his pre­

paration and ability to teach ari tbmei;ic.1 in the opinions of' many 

w:ri ters in the field, reached a low e'bb aft;er World War II. Through 

the efforts of many people and many agencies, conditions have im­

proved and are still improving. 

Identifying the concepts and process(&S of m.at,hematics needed. by 

an elementary teacher in teaching elemen:t,ary arithmetic seemed to be 

necessary in order that the concepts and. processes might be emphasized 

in the teacllel's 1 training. rt ·was hoped. that this study would aid in 

the training of the teachers of elementary aritbm.etic. 

Profound gratitud.e is expressed. to Dr. James H, Zant, Professor 

of Mathematics, whose inspiration., guidrmceJ and patience have ma.de 

this study possible. 

Appreciation is expressed to Dr. Jam.es w. Richardson, Professor 

of Education, for hi.s counselling and helpful suggestions throughout 

this t tudy. Sincere grati tud.e is expressed to Dr. James E. Frazier 

for his int,erest and helpful sugge~i;ion~ . 

The 1,;riter is indebted to the many elementary school principals 

,ih(\ supplied the nsmes and addresses of so many good teachers. 

The writer is also indebted to the e:x;perts and elementary teachers 

who contributed. t;o this investigat,.1011 by giving thed.r time and 

opinion~ in answering the questionna:i.re. 
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CHAPrER I 

THE PROBLEM 

.. 

The purpose of this stucty·,is to identify the ·concepts and 

processes of mathematics needed by an elementary tea.cher·to teach 

arithmetic adequately in grades one to six. 

Import,ance 

The preparation of an ele:m.entID,r3r teacher is multiphasic in its 

specific demands and general in that jJ; covEma most of the areas of 

a. liberal education. A libera.l ed.w:!aticm. :Ls a, necessity for every 

teacher. 

For the teacher.? howei.rer., bei.ng -.;rell educated is a necessity. 
Without it, the teacher cannot. in:e,1:;r:r;:,:r(d; any field of knowledge in 
its proper relat,:i.on.ship to the whc>1e of soc:i.ety. And wi thou:t it, 
the teacher will not be re@:i;Jecte1.i by 6', icioct@'Gy which is itself be-
coming i~crea.singly well educated .1 . · . · . 

Most elementary teachers are assigned a grade to teach and are ex-

pected to t,a.ch one group of students a.11 subjects throughout the school 

year. The teacher must know well the subject matter of the .particular 

grade i~which h.e is .to tea.ch, a.nd he shou.J.d know what has preceded as 

well as that which is to follow. Modern psychology has shown that the 

child should be developed into a.well integrated individual. Then the 

teacher must know the pa.st, work in the present, and plan f'or the future 

/ 1 w. Earl Armstrong, "The Teacher Education Curriculum," The 
Journal of Teacher EducatioJ::1., VIII (September, 1957), 235-236. 

1 
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for each.and every child ~n his class. 

It .must be remembered that the mathematical concepts, skills, and 
quantitative understandings that the students acquire can be no better 
than those possesseid py their t;ea<!hers. Hence, teachers must .strive 
constantly to increase their own understandings as well as to search for 
more "knowhow" for effective teaching.2 

Instruction in mathematics shquld place emphasis on the development 
of a vocabulary of mathew.atical te:hns as well as ~n ungerstandings. 
Most of the vocabulary difficulty in mathema.t:i,cs is caused qy a lack of 
understanding of technical terms, such as, exponent, congruent, equation, 
numerator; demominator and percentage. 3 · · · · 

The-problem of what constitutes adequate tra.ii;:rl,.ng for the elementary 

school teacp.er is broad and :q.as .many ramifications. :Ct, is impractical to 

attack tb.iei probl~m in, its.entirety. Hence, the problem.must be limited. 

To tea.ch ~r.ithmetic a¢l.equately, ~he elementary teacher. mu.st_ 1)e J'amilia.r 

with cer~ain concepts and. proce1:1ses of mathematics. - · 

If you ·should wish to qualify for such a posi tiori (elementary 
teacher9f arithmetic), tl're main.requirement would.b~ that 'you "under­
s·t~d!! arithmetic. You cannot teach what you do not know. Here is the 
arithmet:to· that yqµ wo~d havf.) _to tea.ch in the i'ir~t six grades: 

(l) Ba.sic concepts, processes and vocabulary of' arithmetic; (2) 
(}ur decimru. system of .numeration, including the cciticept of.deqi:ma.l 
fractions; (3) computation, whol:e numbers and common.and decillll:ll. 
fractions; (4) principal units of measurement for everyday u_se; ( 5) 
solution qt'· proolems involving. computation and units • of '.measurement; 
(6) identification of geometric figures; (7) use df-simple graphs; (8) 
estimatio:n l!l.nd checking.· ot answers to problems. 4 .• -: · .. ·· ' 

Additional exiamples 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 Teaching of Mathematics, Oklahoma. State Depart-
ment of Education, 1957, p. 64. -

3 Ibid. , p • 68. 

4 i'Gti.ida.i:l.ce Report of the Commission on Post War Plans, 11 The -Mathematics Teacher, XL (November, 1947), 324. 



3 

Feat)J.erston and Rull5 state that research does not 

. throw much light on the problem of which specific concepts should 
be included i.n tee,cher education courses. It sheds no light at all on 
the most desirable ways of teaching these concepts. In short, it seems 
from the. 1955-56 research that the important specific understar1dings 
in :mathematics that should be included in the teacher education program 
have not been determined, 

Thus, s:i,nce the concepts ancl processes of elemeritaryaritll.'11.etic 

must be u.sed,in te@.ching for-understanding and meaning, they must first 

be identified. The teacher . must know and und.erstan,d the concepts and 

J?rocesses which he is to teach or else he w:Ul be poor and inefficient. 

Hence, the identification of these concepts 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.ove,r one thousand ni:n.th grade pupils in 

three eastern sta.tes showed extreme weaknesses in all but the most simple 

examples of computation., problem solv.i..ng, understandings and judgments. 6 

Almost illentica.1 fa.i.ling~ were Shown :Ln a test given to one thousand 

fresh.11eri in college. 

The evidence points clearly that we are not achieving functional . 
competence in arithmetic at the elementary school level, at the junior 
high level, and at the senio:r high school levei.7 

Many pupils not only fail to learn the processes a.nd concepts of 

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

5 E. Glenn Featherston and J. Dan Hull, Analysis of Research in 
the Teaching of Mathematics, 1955 and 1956, u. s. Department of Health, 
Education andWelfare, Office of Education, p. 20. 

6 Ben A. Sueltz and John w. Beredick>' "The Need for Extending 
Ar:i,.thmetical Learnings, 11 Mathematics •:reacher, XLIII (February, 1950), 71. 

7 Ibi.1:19, 72. 
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the main reasons for the drop-outs point directly to the teachers.8 

Glennon.9 reports the fol;J..owi.ng in a doctoral study at Harvard Universi-

ty in 1948: A test consist:h1g of 8o i t,ems on basic understandings was 

given to three groups of students and teachers of elementary a:ri tli.rn.eti c , 

The group. consistea. of 144 freshmen at the time of entrance in.to college, 

172 seniors just before graduation, and. 160 in-service teachers at the 

end of a school year. All had indicated that they wanted to become 

elementary teachers or were .. alreacly elementary teachers, . 

Some .of the i tem.s on the. test and apparent; degree of diff:i,.culty 

follow. . An easy item was:. Changing 'che order of addends in 1;1.n addition 

example does not change the value of the answer. An item of medium 

difficulty was: Divi.e:Ung the ¢1.iv:i.clend. and. di.visor by ten does: not 

change the value of the am:n,rer (quotient). One of the most difficult 

items in the test was: A digi.t in the uni ts· place represents a value 

one-tenth as large as the same: d.igi.t in the tens' place. 

The average number of items corz-ectly answered by the freshmen was 

3 5. 45 and the per cen.t, of total ( 8c1) 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 a.n average of 43.81 

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-service developinent of teachers of arith­
metic. Curriculum revision of the professional courses must be con­
cerned with emphasizing the subrect matter as well as with the principles 
of teaching the subject matter. 0 

8 Henry s. Dyer, Robert Kal:i.n, and Frederic M. Lord, Problems in 
Mathematical Education ( Princeton,, 1956), p. 3 . 

9 Vincent J. Glen.non, 11A Study of the Growth and Mastery of Certain 
Basic Mathematical. Una.er.standings of Seven Educational Levels," 
Mathematics Teacher, XLII (December, 1949), 389-396. 

lO Ibid., 395. 
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Research shows that there is a lack of understanding of meanings 

in elementary ari tb.m.eti.c by the teachers, Research fu.rther shows that 

many i;eachers are weak in m1li1them.ati.ea1 processes such as computation; 

problem solving, and. judgm.ent.s, .AJ.so1 a great. munber of elementary 

" . 
teachers e.x.b:ibit an unfavorable atttt1..1de tc,ward ari.tl.unetic,·u Thtis; 

there is a need for the 5Jtentif:i.cati.on of the concepts ana. ()roccf ;: 2s 

of mathematics, 

'I'he basic asf!,irrnpt,ions f.or this study are as follows: 

1 ~ Meeting vario11s classroo11.1 situations vrhtch require mal{ing deci-

sions concerning the u::.ie of te:xt 1naterial requ:Lres an understanding of 

the concepts and. proe.esses of mathemat,ics on the part of the elementary 

tei',cher. 

2. To teach ari tluuet.i c adequa:tely for pupil le1:;1rning with meaning 

and understanding, the teacher must himself understand the underlying 

mathematical conce1its and processes, 

3 , Elementary t,eaeher nee,2.121 ,? :tnvolving concepts and processes of 

arithnetic, e.re 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 concept,1:3 and processes needed by an 

elementary teacher for adequacy in the classroom can be identified and 

stated as catagor:i.e,s which can be used as criteria for :planning a pro-

gram of :preparation of elementary teachers for giving effective 

11w. H. Dut;t,on, "Atti.tudes of Prospective Teachers Toward Ari th­
metic, '' Elementary School J'ournaJ.,; LII (October, 1951), 84-90, 
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instruction in arithmetic. 

Definitions of Terms 

Certain terms need to be defined with reference to their use in 

this pa.p¢:r: 

Concepts are the elements of 1'-s.nowliedge. Concepts a.s.usedllere a.re 

·identified by ma.thematical term.a whtch ~re used by the t~a.cher·or text­

book to develop the child in h:i.a m.atheWl..tica.l understanding, thinking, 

and reasoning. If a term has quantitative or spatial significance, it 

is inclu4e4 as a. concept. 

Process is an operation, a cotu"se o:f' procedure, .a ser;Les. of actio:ns, 

motions~ .. 9r operations definitely conducive to an end. 

By process is meant the way in whiir!h the learner operates • 1n order 
t9 attain certain :J..ea.rning p:rodu.etiil. Pro(~ess refers· to · the way in 
which o~ · iearns. But it., also., ha.s a larger significance because pro-
. cess, a. way of learning, itself: become~!! estffl.blished $.lld a part± cular way 
Qf· learning with its consequent mea.ning fQr a way of a.tta.cking.:new pro­
blems is often as important t.o tbe :l.!1.divld.ual as the particular product.la 

. Plan of Btud.y 

heliminary identification of concepts and pro9e,sses wars.made on a 

frequency.of' occurrence basis ;f'rom a. number o:f' selected elementary ar~:bh­

metic telllt~ooks. The concepts .and processes were used to formulate a 

questionnaire which wa.s1;1ent to_a. selected group of college tea~hers in 

mathematics and ma.thematics education. The questionnaire was also sent 

to a much .. larger group of selected elementary teae]q.ers. · The. final selec­

tion of concepts and processes was based u;pon the importance attached to 

12 6. Lef:lter Anderson and. Arthur I, Gates . ., 11The General.l'tiii.ture of 
Lf;!;arn1ng;:•' ·_· Learning ~ Instruction. Forty~ninth Yearbook of t;he 
National: :Sqciety fcir .the Study of Edueation, Part I (Universi tj(.of 
Chicago,, ;.19.50), Pl>• 27-28 •. · . . ·. · ·: 



each item by both the experts an.d the element,ary teachers as shown on 

the questionnaire, 

7 

Percentages were gi.ven for each item accordi.ng to the three check 

spaces on t;he questionnaire . An average was figured bel'tween the teachers 

aw:l. experts • This average was used to determine the importance of the 

concepts and processes. An average rating of sixty per cent or higher 

in any check space was used to determine its importance. If uone of 

the three check spaces received a sixty per cent or higher rating, then 

a combination of two space ratings was used. to determine the importance 

of the concept or· process. A sixty per cent. or higher rating in an.y 

check space ind.icates a goocl. :majority. Also,1 a low rating by one group 

would necessitate an extremely high rating by the othe,r group to have a. 

rating of sixty per cent. 



CHAPrER II 

PARTIAL REVIEW OF RELATED LITERATURE 

Introduction 

The objectives of this chapter were: (1) to show the changes 

which have taken place in the teaching of ma.thematics over the past 

half century, (2) to emphe:size 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 discuss the theories of learning which have 

.. affected the changes in the teaching of arithmetic. Thorndike's 

psychology led to the "drill" theory of learning in mathematics. The 

field theories of learning which stem from the Gestalt psychology led 

to the "meaning" theory of learning in mathematics. Meanings and under­

standings are the essence of the 11meaning 11 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 ma.de, 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 sfnce 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 

brough~ back to normal and have been raised generally throughout the 

8 

./ 
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country. 

Learning Theori.es in Mathematics 

Too li ttl.e is 1mm,m about how ch:i.ldren learn in mathematics. 

Psychology has mad.e great progress :i.n many f'ields., but 1.i.ttle in mathe­

matics .1 Some discussion of two general theories of learning is given 

in order to descri.be ·the development and applica:tion of learning 

theories in mathe.trl.8:t.i cs. 

Learning theories fall into two ma,jor families: stimulus­
response theories and cognitive theories; but, not all theories belong 
to these two famil.ies,,2. 

Edward L. Thorndike and" his followers ha~ve dominat.ed learning for over 

half a century. The 1a;ws of lE,B,rrung: ( 1) ef:f e ct, ( 2) readiness, and 

( 3) exercise whic:h Thorndike: first :pro:m:ulgated had a great influence 

upon all ed.ucatioD., He later made f1JJ'.1d.a.mental revisions in the laws of 

exercise and effect. However J the law of exe:rcise had made its impact 

upon the teach:i.ng of ma:thern.a:tJ.. e,;; :i.n tb.e :form of the "drill" theory. 

Transfer of lecirnin.g.i also" played. a part in the early mathematics 

program. It was given as a reason for studying mathematics. Discipline 

of the mind and transfer were practically synonymous. The study of 

mathematics, Latin, and Greek afforded the necessary discipline to carry 

over into any profession. 

Thorndike disagreed with this id.ea of transfer of learning. He ex~ 

plained transfer by what he cal.lea. identical elements in the different 

1 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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situations. Similar elements would carry over from one learning 

situation to another, thus helping to effect a solution to a new 

situation. 

Glennon and Hunnicutt3 reported that numerous studies which were 

made ea.;rlier in the century have sho'Wll the effect of meaningfulness of 

the material being learned on the facility with which it is learned and 

ori tJ?.e per:rri.ana.nce of learning. The .studies reported by McLella.n and 

DeweY4 in 1895 and Thorri,t;l.ike5 in 1922, writing specifically on the 

psychology of_ arithmetic;. stressed the importance of teaching for mean­

ings and understa.ndings.6 Their writings, however, were often misin-

terpreted and in general did not bring about e:ny significant change in 

methodology from drill teaching to meaningful teaching. 

McLella.n 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 that the 
pupil can in some way put them together to make meaningful wholes.7 

Thorndike seemingly tried to change to emphasis on meanings, but· 

the a.rill method was too well est;abl:i.shed. 

Field ~heories. The cognitive or fiElld theories of learning stem:-

3 Vincent J. Glennon and C. W. Hunnicutt. What ~ Research Sa;y: 
About Aritbm.etic? 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, 
(New York, 1916). 

The Psychology of Numbers - -
5 Edward L, Thorndike,~ Psychology of ~ritbmetic (New York, 

1922), p. 19. 

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

7 B. R. Buckingham, nsignifiea.nce, Meaning, Insight - These 
Three," Ms.th.em.a.tics Teacher, XXXI (January, 1938), 26. 
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from the Gestalt psychology. 

F:i.eld theory claims that learning is not so rm.1.ch a matter of 
establis:\'J.ing connections between stimuli and. responses ·as -it is of 
fi.nding ,patterns in the stimuli perceived, "that is, see8ng some sort 
of' or gaqization and m.ee.ning in the -field of' experience," 

Struci:,uring and understandings , or insight s, arE! basic to this 

ty:pe of learning , Thinking is reorganizing v.2.1derstandings, exreriences, 

e.no. f e.cts t o effect a soluti on t o a pr::->blem, 

1ncc· --- 1· 9 ~+. i · , · d ori.ue .1. .:;, , ,8, .es . 

on· th~ contrar y) it is part and. pa.reel of a. theory of learning 
which stresses organization rather than discreteness, understanding 
rather than memorization, and exercise of the higher mental processes 
rather t~an dependence upon lower-order habits. 

The fi eld psychologist thinks in terms of the organization and 

systematic arrangement of the whole rather than in terms of elements set 

out in unrelate~ disconnected form. W'.noles are organized structures of 

parts rather than a mere collection of parts and are more than the collec­

tion: of all the parts.lo 

Practice definitely has a place ori.ly 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 nuinber system and the systematic character of number rela­
tions pl;lo'll.1.d be enhanced through the drill progra.m.11 

Furtlierni.ore, 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. 

9 T, R. McConnell, ''Recent Trends in Learning Theory," Arithmetic 
in General Education . Sixteenth Yearbook of the National Council of 
Tea~hers of Mathematics (Columbia University; 1941), p. 276. 

lO G, · T. Buswell, "The Psychology of Learning in Relation to the 
Teaching ' of Arithmetic," The Teaching, o:f Arithmetic. fiftieth Year­
book of the National Society for the Study of Education, Pa.rt II (Univer­
sity of Chicago, 1951), p. l~-6. 

ll Ibid., p. 147. 



continued insistence on competence in computation.12 

The "meaning'.' theory . of teaching arithmetic which grew out of the 

11 field" theories of learning,was first promulgated by Browne1113 in 

1935: 

The "meaning" theory conceives of arithmetic as a closely knit 
system of understandable ideas, principles, and processes •••• The 
true test (of learning) is an intelligent grasp upon numb~r relations 
and the ability to dellLl with arithmetical situations with proper com­
prehen!non of their mathematical as well as their practical signifi­
cance. 

12 

Definitions of terms, concepts, and processes do not constitute mean-

ings or understandings. There is no meaning in stating from memory that 

5 t 7 = 12. There is meaning when we say that 12 is 10 and 2 and that 

5 f 7 = (5 f 5) f 2 or 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 outcomes in arithmetical 
instruction, and unless meanings are c.omprehended the outcomes a.re never 
~eached •••• In arithmetic, meaning is the import of relationships in­
herent in number study; the sense which the relationships are intended 
_ to · ~xpress. Relationships constitute the meanings .15 

_ Meanings and ideas are dynamic facts of experience. Moreover, they 
shed light back upon the experiences f~om which they grew and thus give 
larger meanings to these experiences.l 

12 4 Ibid. , p • 1 9 • 

13 William A. Bro"Wl':lell, "Psychological Consideration in the Learn­
ing and the Teaching of Arithmetic," Teaching of Arithmetic. Tenth 
Yeia.rbook of the NationllLl Council of Teachers ofMathematics (Columbia. 
University, 1935), p. 19. 

14.Ibid. 
··~. 

l5 C, Newton 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 only in terms of previous u.nderstand­
.ings a.net :i.nsights. Meaning is alwa.y:n; based upori experience, and experi­
ence is me~ningf'ul only in terms of what the learner already UL~derstands • 
• . . Insight is more than unde:r~tanding. It is a. mental state in which 
the learner is :fully a.ware of the eouditions and relations which con~· 
stitute a. given behavior ~attern a.:n.,i from. 1,iTJ::;i.,;:-.b. other useful :patter.as 
m.a.y evolve or take form,lf 

Im.portance of Mear:.:i.ngs in .t.lr:i.th.meti.c 

Mathems,tical terms ha.vie always beem. interspersed in a.11 read:~ng 

materials from the a.aily newspaper to the most technical books, of' any 

are& of knowledge. Very little comrer:siat:Lon t1:Jkei:i pla.ce wh:Lch does not 

include many mathematical terms. 

tl 18 t n.orn - repor s: 

Every investigator has sho\AYU the incidence of arithmetical terms to 
be very large - how large depends upon how broadly ''ari tbmeticaJ. tenns n 

are defined. If indefinite and 1llizl,rgin&l "!;;erm.'3 are included, such as 
more, heavy and high, the incidence shown in an analysis of.recently 
published geography texts runs a,s high as one word: in seven. . This is 
not surprising when one realize~ thati-1 of the first 1069 words in the 
list compiled by Thorndike and Lorge _,1..1. .. 9.J m.ore than one in ten are 
reasonably specific arithmetical, geometrical, or statistical terms, and 
if indefinite mathematical terms are included~ the proportion is about 
one :tn four. 

· _20 Pressey- reports a. study m,1.cle t;o ,leterroin!E:: the ''absolutely essential 11 

words~ the ''impo:rta.nt" but not essential words, and the 11nnimportant0 woill'ds 

in 19 different subjects. She· had each text checked by two clifferent 

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

17 Stokes, pp. 8-9. 

l8 Ernest Horn, "Aritb:ro.etic i:n. the Elementary School Curricul.um., 11 

The Teaching of Arithmetic. Fiftieth Yearbook of the National Society 
for the Study of Edu.cat,ion, Pa,:r;:t II (Univer$ity of Chicago., 1951)., p~ .. 10. 

19 Edward L. Thornd.ike a,nd Irving Lorge J ~ Teacher's Word ~ of 
30,0_QQ Words (New York, 19J~~). 

20 Luella Cole Pressey, "The Detierm.inatio:n of the Technical Vocabu­
lary of the School Subjects, 11 School and_ Society, XX ~. July 19, 1924), 
91-96. 
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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 ma.them.a.ti-

cal words nabsolutely essential'' and 26 wora.s "important" under co:romon 

ma.thema.tical words. They also rated 83 words "absolutely essential.," 

274 "important 11 and 49 "unimportant 11 but included. in the texts under 

a.ritbm.etic. 

A very considerable proportion of the words rated as absolutely 
essential by teachers of' ma.thematics and ari tbmetic are also d.ee:med 
essential by teachers of other subjects. .Among the word.s considered 
essential in art, for example, a.re area, bal.ance, breadth, circle, cube, 
depth, dimension, distan.c~.,~ horizontai:'; length., mes.~ure, parallel, per: 
pendicula.r, rectangle, squia:re, triangle; and uni.£21 · -

Thus, a pupil rnti),y have a good ·vocabulary and be a good reader at emy 

state of development, yet fail becaui;e of the t,ecJ:i..nical. words of some sub-

ject. The incid.ence of :ma.themm:tica.l words in a..l.l reading material. ma.kes 

the learning of meanings most important. 

Brownel.122 gives importance to meanings by listing their advantages 

or values: 

(1) Arithmetic can funct:L,n in intelligent living only when it is 
understood. In practical. livi:c.'.:g we muil't be i:at,elligen't in qmmtita.tive 
situations • • •• To the io.egree that il:!l.t,u.."i!.t,ione diffe:r from the complete­
ly frun:tlia.r, we must be able to think,., ... and one does not think effec­
tively with mechm.n.i.ca.l skills alone. Thinking is possible only to him 
who possesses rich meanings. 

(2) Meanings facilitate learr;d.ng. Through meanings we secure in­
sights and no·te relationsh:i.ps which, without meanings, we should not 
likely hit upon. The insights in turn enable us to foresee connections 
and to tie together various aspects of the learning task which without 
understanding, would ha.ve to be mastered separately one a.t a time. 

(3) Meanings increase the chances of' transfer. It is because 
meanings do transfer that they facilitate learning •.••• The effects of 

21 Horn, p. 10. 

22 William A. Brownell., "When is Aritbmetic Meaningful? 11 Journal 
of Educational. Research, X:XXVIII (Ma.rch, 1945), 494-497. 
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meanings are cumulative; their contributions to learning increase in 
amount as they enable the learner to gain new insights, to discover short 
cuts, and to apply in new ways what has been learned. 

( 4) Meaningful a:ri thmetic is better retained and is more easily 
rehabilitated than is mee:hanically learned arithmetic. Meanings strength­
en skills by su.pplying a structure to support thei,m. 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 ad.dit,ion computations, !ll,ll less than ten, suddenly. had 

the problem 19 t 9 f 9 to work. Finally, a boy came up with this solu-

tion: Nineteen is 1 ten and 9, take 1 from the second 9 and add 1 to 

the first 9 in 19 to make 2 tens, then take l from the 8 and add to the 

last 9 to make 3 tens a.nd 7 which is 37. The entire class thoroughly 

understood and worked several other exa.Jrg?les.23 

Meanings in Arithmetic Teachers Should.DE;!v~lop 

Many lists of mathematical terms, concepts., processes, and phrases 

have been made with litt.le or no agreement a!tl to which are essentis.1.. 

Probably the most complete list.? together with definitions, is to be 

found throughout Buckingham I s book, Elementary Ari trmi.etic, ~ Meaning 

and Practice.24 Also, the better arithmetic textbooks would contain 

good lists of meanings. 

Omitting such topics as measurement, Brownell suggests four 

categories of meanings:25 

23 Ibid., 495-496. 

24 B, R, Buckingham, Elementar;y: Arithmetic, Its Meaning and Practice 
(Boston, 1947). 

25 William A. Brownell, "The Place of Meaning in the Teaching of 
Arithmetic," Elementary School Journal, XLV'II (January, 1957)., 257-258. 
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1. One group consists of whole numbers, common fractions, decimal 
fractions, per cent, ratio and proportion, denominate numbers, and the 
technical terms of arithmetic -- addend, di.visor, 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 genera.li zations of ari·thm.e·ti c. This in­
cludes such principles as the order of adding or multiplying does not 
matter, and both numerator and de.nominator may be multiplied or divided 
by the same number without change of value. 

4. 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
tions) 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. 

St~tus of Arithmetic Teachers 

The great shortage of elementary teachers since World. Wa,r II has 

brought about undesirable results. Many unqualified teachers were hired., 

and certification standards were lowered or ignored. Furthermore, most 

of the teachers colleges have no mathematical requirements for elementary 

teachers. Thus, there has been a wide range in the abilities of the 

teachers. 

The minimum requirements for certification of elementary teachers by 

states in 1955 showed that one state required less than one year. of college 

training, four states required one but less than two years, 12 required 

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 report;s in 1949 ana. 195 3. 26 However, 

many unqualified persons are teaching each year on temporary certificates. 

The req_uirements in mathematics for the teachers are extremely low. 

Many elementary teachers are teaching with one or two years of high school 

mathemati.cs, and. the arithmetic they had in elementary schooL 

Grossniclr.le27 gives some req:u.irements in mathematics for cert,ifica-

tion of elementary teachers. Three states had blanket requirements (a 

choice of fields which included ma:themati1::s) J 35 states had. no require-

ments, and 10 states had specific requirements which averaged 3.4 semester 

hours of mathematics, 

28 Layton states that the average requJ.::rements over the whole nation 

for the lowest certificate was mat,he,xJJE,ties content • 52 semester hours, 

and for methods in :mathem..ati cs .16 sem:.Br:.lti,Br hourfu'l. The means for the 

highest certificates differ very li t;t,le from these. 

More than three-fourths of the teachers ciol.leges require no matbe-

matics of any kind for admi.ssion, and t·wo-tl::drds of them require no 

courses in background mathe:me .. tics for ele:menta:ry tea.cher:i:l. Also, in 

more than half of t,he colleges offering curr:i.c1,;1la which prepare teachers 

for the elementary grades, a background course in mathematics is 

missing,29 

26 w. Earl Armstrong and T, M, Stinnett, A Manual on Certification 
Requirements for School Personnel in the United States, National Edu:ca­
tion Association (Washi.ngton, 1955;, pp. 1-3. 

27 Foster Eo Grossnickle, "The Tra1ning of Teachers.of Arithmetic?" 
The Teaching of Arithmetic. Fiftieth Yearbook of the National Society 
for the Studyof Educa:tion, Part II (University of Chicago, 1951), p. 205. 

28 w. I. Le,yton, "The Certification of Teachers of Mathematics)" 
The Mathematics Teacher., XLII (December, 1.949), 378. 

29 Grossnickle) pp. 208, 210. 
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Although the modal length of the training program for elementary 
teachers during the last twenty-five years increased from two years to 
four years, the a.mount of training required in mathematics decreased 
during tmt intervai.30 

-The picture is not nearly so bad as pru.nted, however. In the 

twenty-five years since Brownell started expounding the umeaning 11 theory, 

a great change has ta.ken.place. Nevertheless, Mueller and Moser31 warn 

that: 

Reports-from consultants working with the in-service training of 
teachers indicate that the biggest single barrier to a more effective 
implementation of meaningful arithmetic is the inadequacy in the mathe­
matical background of the teachers themselves. Teachers cannot do a 
credi~able job teaching that which they neither practice nor understand. 

They further give three reasons for improved mathematics teaching: 

(1) Teachers have accepted the meaning approach and are energetic and. 

enthusiastic about improving their teaching. (2) The e.merging point 

of view is that arithmetic must be taught- as a structured system of 

related ideas, principles and. processes wii;;h im.bedded social applica-

tions. (3) This movement for better instruction 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 mathe:rnatical learning. 

Sum:rnary 

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

plinary ideas of the nineteenth century to the other extreme of 

30 Ibid., p. 229. 

31 Francis Mueller and Harold Moser:, "Background Mathematics for 
Teachers of Arithmetic," Emerging Practices in Mathematics Education. 
Twenty-second Yearbook of the National CounciI"'"of Teachers of Mathematics 
(Washington, D. C. , 1954), p. 181. 
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e.d,voca.ting no :mathematics in the elementary school in the twentieth 

century.32 The change ha.s been deliberate a.nd gradual, and today neither 

extreme exists. 

Arithmetic wa.s taught for discipline o:f' the mind and body. This 

attitude wa.1:& domimmt well into this cl;:!ntury. Drill1 memory work, and 

forced lea,r.ning of' abstract arithmetic were th~ essentials of' the old 

masters. Discipline in ma.thematics was closely associated with punish­

ment. Jµ:i.ything which wa.s 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 outla.ndish prQblems, 

he never gave the teacher any trouble. 

Soop. a:f'te:i.· the turn of the century teaching of arithmetic began to 

take on n,ew meaning. Experiments were performed. Psychology made great 

progress 1µ. a.na.~ziiag the learn:i.ng process Md e.stablishing connect!. ons 

between interests and learning •. , The "meaning II theory of teaching ari t):J.-

metic begl!illl to displace the "drill'' theory. New texts based upon mean­

ings, understanding, interests, and needs were written. These books have 

utilized the le.test knowledge a.ndtheories of l,ea.rr.dng. They are well 

orga.nized a.nd well written, but not too up-to-da.te. Publishing companies v 

a.re reluct$.Ilt to revise and to include the new and ~odern concepts. 

The teachers themselves were the chief deterrent to the change from 1 

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 11dxill 11 m~th6d still predominates with many teachers. 

32 E. R. Breslich, ''Importance of Mathematics in General Education, 11 

Me.thematics Teacher, XLIV (January, 1951), 4; Glennon and Hunnicutt, 17. 



CHAPl'ER 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 id~µtf,f.~cation of the concepts and processes of elementary 

arithmetic n~cessita.ted: (1) a preliminary selection of mathematical 

concepts and processes from selected elementary arithmetic textbooks, 

(2) the :i:o.alung of a questionna.ire to help determine the importance. of 

the concepts and processes, (3) the checking of the questionnaire by a 

group of 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 

descr:tbed in this chapter. Also, certain personal data. such as the .. · 

amount of college credit.in mathematics Q.ild ma~hema.tics methods, units 

of high school mathematics, n'1,llllber of years teaching experience which 

were collected from the teachers have been analyzed in· this chapter. -.A 

eOI11parison was made between the percentages of answered questionnaires 

in this investigation, and publishe~ 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 followlng i tenis were consia.ered in the selection of the ari tbme-

tic books from which the concepts and processes were chosen: 

1. Those boo~s authored by outstanding educators. 

2. The extent of the use of the books. 

3, The major publishing companies of elementary books . 

4. Recency of publication. 

5. The Oklahoma state adoptions in arithmetic, 

Six complete sets of elementary arithmetic books were selected and 

analyzed to obtain the major concepts and processes. Also, a few other 

books were qhecked for possible concepts 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 books to be considered 

important. 

The analysis o.f 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~·P(';lterson aritbmetic series was listed.I. 

Hence) I) 1 would indicate ~-Peterson Book! (Grade 1) and imder I, 6 

would be recorded all new concepts and processes appearing in Rowe­

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

complete as possible and not repeat concepts and processes from later 

books in a series, 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~ Arithmetic (Grades One to Six) 

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

Morton, Robert Lee, et al., Making Sure::?!, 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 Ar_i thmetic ( 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 the 

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 columns, 

it was considered important enough to go into the questionnaire. The 

concepts were again arranged into related groups and put into a 

questionnaire. 

The Questionnaire 

The guidin~ principles in the construction of the questionnaire 

were: 

1. Give clear and distinct instructions and explanations at the 

beginning of the questionnaire. 

2. Minimize respondents' work by the use of simple checks. Thus, 

a 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. 

4. Refine the questionnaire tJ::irough conferences and interviews with 

members of the investigator's committee a,nd 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, and 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 

six. 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 questionnaire were made by members of the investigator's 

committee and by his colleagues. 

The first page of the questionnaire follows: 



Directions for Scoring 

·The following concepts and processes of elementary arithmetic were 
seleGted on a frequency of occurrence basis from six major sets of 
elementary arithmetic books. These concepts and processes may vary in 
importance iq 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, dj_viding,, measuring; etc., which the child performs with 
n1,1mbert3. 

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. 

CONCEPrS 

PART I: FIRST, SECOND AND THIBD GRADES 

11. Essential ;L. Essential 
Desirable 2. Desirable 

24 

12, 
. 3. Unimportant I 3. Unimportant 

l 2 3 
ADDITION 19 

1 m add 
2 21 .. and 

column 3 22 
4 23 plus tf) 
5 24 how many 
6 25 sum 
7 ~ total 
8 ~ altogetner 
9 28 together 

SUBTRACTION 29 
10 30 count change 

cross (out) 11 31 
difference 12 32 

13 33 how many left 
14 34 left (over) 
15 35 minus(-) 
i6 36 remainder 
17 37 take away 

MEASURE 
Time: 

38 
39 

18 40 clock to'clock) 

1 2 3 
short hand (hr) 
long hand (min) 
hour 
half-hour 
half-past 
days (name.s) 
hours 
minutes 
seconds 
calendar 
week 
months {names) 
months (length 
year 

Weight: -ounce 
pound (lb) 

Length: 
inch 
foot lfeet) 
foot ruler 
yard 
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The questionnaire was then sent to a group of experts in the area 

of mathematics education, a.:n.d to a seleeted group of elementary arith-

metic teachers. 

Selection of the Experts 

It was assumed that college teachers working in the field of matbe~ 

ma.tics education were qualified to pass judgment upon the relative im-

portance of the concepts and processes i:n. the quan.titative development 

of the child. 

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

ments: 

1. Authors of elementa:t'Y arithi:n.etic books . 

2 • Authors of other books a.tii. a,r"ti:i.clr~r..;i related to the teaching of 

arithmetic. 

3. Those working particn1la~r.:~y- :i.n the area of' mathematics education. 

4. Elementary supe:rvisors .i er::1pe(da,1.::! .. y ir1. teachers colleges and 

large city school system...s, 
~ ., 

Table I shows the response of the expi:::rts to the questionnaire. 

Thirty-two questionnaires were sent to college personnel. One question-

naire was returned since the rec:i.pieri:t was deceased. The responses were 

as follows: 68 per cent checked. a.rid. return.ed 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 were in executive positions and referred 

the questionnaire to the education depa:rt..me:nt iir:l..th no further answer; 

6.5 per cent refused to check it. Two-experts :refused to check the 

questionnaire. One returned it uncheckeo. ,stating there was a dichotOlllY 

between the directions on the questionnaire an.a. the letter of trans .. 
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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'sl 67 per cent on questionnaire of five or more 

pages. 

TABLE I 

PERCEN.L'AGE OF QUESTIONNAIRE RErUR.'f'IB FOR TEE EXPER:rs 

Answered Unanswered Not Returned 

Experts 4.2 28 .1 

Selection of Elementary ~eachers 

The elementary teachers ' opinions conc,:::r!'~ing the i terns on the 

questionnaire were needed in the identif'i•::!e.tio:2 of' the concepts and 

processes. AJ.so , those teachers who actu&lly 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. 

1 J. R. Shannon, "Percentages of Returns on Questionnaires in Re­
putable Educational Research," Journal of Educational Research, XLII 
(October, 1948), 140. 
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In some cases where one elementary principal had two or more buildings 

under his supervision.,the minimu111 of 12 teachers possibly consisted of 

all the elementary teachers in the system .. 

These criteria were based ur)on the assu:mptions that the req_uirements 

for teachers were higher j,:n these schools J that the teachers were better 

quaJ..if ied and did a higher type t.ea.ching because of supervisionJ in-

service meetings, and conferences. 

A letter (Appendix B) was writ.ten ·to the elementary principal asking 

for the name) address J and. gracLe 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 follc,,;,ri.ng criteri.a: 

1, Do they seem to be better teacher:si in eomparison to others in 

their fiela.? 

2. Do pupiJ..s seem to rate higher :1.n ari i::b:m.etic a.fter being taught 

by these teachers :l.n coxnpariso11 '(,J"it,b. (()'ttte:r~ ,}Gea(:!:t1er.s? 

3. Have the teachers been. s·u.c:c:(sssj:'ul i:,a2.:1e:hers over a period of 

years? 

'1:he pri11.c:1.paJ .. s 1,,;rere qu:ite a:1imre c,:f the ma.themati.cs s:Ltuation in the 

schools and the need for i.mproving the teaching of mathematics, They 

felt they had many goo<1 teachers and were interested i.n the new ones 

having the best preparation possible. They .further felt that the ex­

perienced and better teachers could give muc.h aid to the young and 

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

sponse by the principals . Also J most of them gave more narnes than the 

minimum. of five wb.ich was requested. More than four hundred names of 

elementary a:rithmetic teachers were receivedo Three hundred sixty 

questionnaires were sent :i and t'wo hu.ndred forty,~five were checkea. and 

returned, 
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.sixty .. eight per cent of the elementary teachers checked and returned 

the questionnaire. Six per cent returned the questionnaires una,;nswered 

and 26 per cent did not return the questionnaires. This average was low 

compared to Sha.nnon 1 s2 69.9 per cent for 4 ... 5 page questionnaires, but it 

· ·compares favorably to Trow 1s3 opinion. He stated that usually a third to 

a half of the persons circulated did not answer. 

The per cent of answered questionnaires (Table II) from elementary 

TABLE II 

QUESTIONNAIRE RETURNS FOR ELEMENTARY !fEACBERS 

Grade 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 

Average 

Answered 

70.0 
68.o 
74.1 
60.7 
61.9 
69.6 

68.o 

Unanswered Not Returned 

6.o 24.o 
4.o 28.0 
3.7 22.2 

11.5 27.8 
9.5 28.6 
2.9 27.5 

6.1 25.9 

-=· ==============;=::======================= 
teachers ranged from a low of 60;7 per cent for the fourth grade teachers 

to a high of 74.1 per cent for t~e third grade teachers. Fifth grade 

teachers responded only;slightly,better with 61.9 per cent checking the 

questionnaires. The total returned questionnaires (answered and unanswer­

ed) showed,fourth grade 72,2per ·cent, fifth grade 71.4 per.cent and sixth 

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

2: Ibid., 140. 

3 William Clark Trow. Scientific Method in Education (Boston, 1925), 
p. 101. 
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fifth grades are unknown, but the close a..l'ld fairly high total returns 

of questionnaires would indicate something was amiss. It might indicate 

a lack of' knowledge of concepts and processes of the other two grades in 

the subgroup. A1so, the high rating of the third grade teachers might 

indicate a more thorough knowledge of the concepts and processes of that 

subgroup. The sixth grade teachers shor11ed a relatively high percentage 

69 .• 9) of answered questionnaires which would indicate a good knowledge 

of the concepts and processes of the fourth, fifth and sixth grades. 

The main objective in giving the data in Tables I and II was to 

cam.pare the responses to the questionnaire with the responses to 

questionnaires in general. No other treatment of' this data. seemed 

pertinent to this problem except the comparisons which were just given. 

There is eil'idence (Table III) that the principals followed the 

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

GRADE 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 

TABLE III 

AMOUNT OF MATEEMATIC.S Al'ID TEACHING EXPERIENCE OF 
ELEMENTARY TEACFJERS 

High School College Mathematics 
Mathematics Ma.thematics Methods 

(units) (sem. hrs.) (sem. hrs.) 

2.45 4.14 l.55 
2.88 3.73 l.89 
2.87 3.84 l.87 
2.92 4.89 l.92 
2.97 6.13 2.83 
3.23 7.37 2.47 

Total Average 2.91 5.11 2.10 

Teaching 
Experience 

(years) 

19.07 
19.64 
18.60 
17.31 
16.09 
20.78 

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 ex­

perience. All others had more than four years of teaching experience. 

The average number· of years of teaching experience ranged from a low of 

16. 09 years among the fifth grade teachers to a M.gh of 20. 78 years 

among the sixth grade teachers. The average number of years of teaching 

for all teachers who answered the questionnaires was 18.66 years. 

Two teachers with one year of experience returned the questionnaire 

unanswered and gave incompetence as the reason for not checking. One 

teacher with two years' experience returned the unanswered questionnaire 

with the same explanation, Two teachers returned the unanswered question­

naire and gave lack of time, two others gave illness, and two others re­

turned the unanswered questionnaire with no reason. One teacher 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 reason 

given was incompetency, Seven people, or 2 per cent, gave unquaJ.ified 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 follm?-up letter concerning the questionnaire. 

The elementary teachers showed a low of 2.45 units of high school 

mathematics in the first grade to a high of 3. 23 uni ts i.n 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 favorably with the mathematics requirements to enter most college~ 
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especially teachers co+leges. 

The same order exists for the number of semester hours of college 

mathematics as for units of high school mathematics. The.sixth grade 

teachers had a high of' 7.37 semeste:i;- hours :t.n mathematics; f'ifth grade 

teachers showed 6.13 semester hours; fourth grade teachers showed 4.89 

semester hours; first grade teachers had 4.14 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 4.11 semester 

hours is extremely high compared with the amount required for certifi­

cation of elementary teachers. 

The number of sew.ester hours 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 element~y arithmetic we.re selected 

on a frequency of oc-uurt"ence 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 questionn~ire. 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 group of first, second, and third grade teachers. 

The second part of the quest~onnaire, 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, 

experienced, and.capable teachers. No teacher of less than two years' 

experience answered 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 mathem,a.tics, and 2.1 

semester hours of 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

dication from the per cent of returns from the elementary teachers that 

possibly the·~ourth grade teachers felt most incompetent to check the 

concepts and·processes of th~ fifth and sixth grades. Also, there was 

a slight indication that the fifth grade teachers felt incompetent to 

check fourth an~ sixth grade concepts and processes. Tb.ere was some 

evidence that third and sixth grade teachers were most confident in 

checking the concepts and processes in their respective sroups. 



CHAPI'ER T.V 

ANALYSIS OF DAT~, CQNCEPI'S 

The objective of this chapter was to analyze the data in terms of 

the categories as mentioned in the hypothesis. Also, the concepts have 

been ra:t;;eci a.s set forth a.t the end of Chapter I. An average rating of 

sixty per cent or higher in a.n.y check space indica.~ed the imports.nee of 

the concept. If none of the three check spaces received a sixty per 

cent or ~igher rating, then a combination.of two space ratings ha.s been 

~sed to indicate whether the concept was, or was not, important. 

Concepts a.re the elements of knowledge. Concepts are identified 

by ma.thema.tice.J. terms or words which are used by the teacher or text-

book to develop the child in his :mathematice.J. understanding, thinking 

and.,. reasoning. 

The Categories of Concepts 

The categories were baseq upon the findings of an unpublished 

doctoral o.isserta.tion by J. J. Sti:pa.nowich,l and six sets of arith-

metic books listed in Chapter III. Stip1;1.D.owich lists 33 topics in arith-

metic which were recommended by 75 per cent of the. educators who answered 

his questionnaire as being n~eded in a basic 'JIIB.thema.tics course :for 

1 J. J. Stipa.nowich, "The Development e.nd Appraisal o:f' a Course in 
Basic Mathematics for Prospective.Elementfil.l'Y' Schoo;t. Teachers," 
(unpublished Ed. D. dissertation, Northwestern University, 1956), PP· 
85-S7. 

33 
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elementary teachers. Twenty-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 

Denom:l,nate 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 ~ritl;lmetic 

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. 

1rhe . questionn9.iire corresponds closely to the following categories 

involving concepts which were ~onsidered important to the elementary 

teacher. 

I. 

II. 

III. 

The first eleven of the categories are as follows: 

The concepts of order. 

(a) Numbers (or integers) in order. 

(b) Numbers in rank. 

The concepts involving 

(a) Addition. 

(b) Multiplication. 

The concepts involving 

(a) Subtraction. 

(b) Division~ 

synthesis. 

analysis. 



IV. The concepts o:f' comparison. 

(a) Certain a.ntony.m.s or marginal m.a.thema.tical terms. 

v. The concepts of measure. 

(a) Area,, 

(b) Ca.pa.city. 

(c) Volume. 

(d) Counting. 

(e) Length. 

(f) Values (or money). 

(g) Parts. 

(h) Time. 

(i) Weight,. 

(j) Other related concepts. 

(k) Various systems of measurement. 

l. English. 

2. Metric. 

VI. The concepts involved in a thorough understanding of the 

number system. 

(a.) Other number systems. 

(b) Structure of the number system. 

(c) Natural. numbers. 

(d) Comm.on fractions. 

(e) Decimal. fractions. 

(f) Percentage. 

VII. The concepts of a family budget. 

VIII. Certain concepts of business. 

IX. The concepts of graphs. 

35 
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X, Certain concepts pertaining to verbal problems. 

XI. Other mathematical concepts. 

Treat~ent of Data 

A table which corresponds to each category has been constructed and 

lists the data, after treatment, from the quest;i.onnaire. All tables in 

this chapter express in per cent the opinions of the teachers concerning 

the concepts of elementary arithmetic according to the three checks on 

the questionnaire. Each 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 exper'tS. An average was figured between 

the per cents of the teachers and experts. All analyses were based upon 

the average rankings. The conclusions for the category as a whole were 

based upon the ratings of a majority of the concepts in each category. 

Some of the subheadings were also. rated by this same method. 

fJncepts of 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, a.nd a successor which 

is larger. Concepts of order are the natural numbers. Rank mea.ns the 

position held fi!.S first, second, third, etc. The i:ntegers, 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 It essential" by the experts and teachers in per cents ranging 

from 88 to 92. The integers by tens to 100 were rated "essential" by 

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

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

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

Per centage of (1) essential, (2) desirable, (3) unimporta.nt, (4) blank~ 
-

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

Numbers 
count 84 12 3 1 95 0 0 5 89.5 . 6~0 L5 3.0 
ea ch 73 23 3 1 86 9 0 5 79 .5 16.0 1.5 3.0 

1 one 98 2 0 0 100 0 0 0 99.0 LO o.o o.o 
2 two 98 2 0 0 ··100 . 0 0 0 99.0 LO o.o 0,0 
3 thl:tee 98 2 0 0 100 0 0 . o 99 .0 LO o.o o.o 
4 four 98 2 0 0 100 0 0 0 99.0 · LO o.o o.o 
5 five 98 2 0 0 100 0 0 0 99.0 LO o.o o.o 
6 six 98 2 0 0 J.,00 0 0 0 99.0 1.0 o.o o.o 
7 seven 98 2 o · 0 100 0 0 0 99.0 1.0 o.o o.o 
8 eiggt 98 2 0 0 100 0 0 0 99.0 1.0 o.o o.o 
9 nine 98 2 0 0 100 0 0 0 99 ~0 1.0 o.o o.o 

10 ten 98 2 0 0 100 0 0 0 99.0 LO o.o o.o 
11 el,even 84 14 1 1 · 100 0 0 0 92.0 7.0 0.5 . 0.5 
1.2 twelve 83 14 1 2 100 0 0 0 . 9L5 7.0 0.5 LO 
13 t hirteen 78 18 2 2 100 0 0 0 89.0 9~0 1.0 1.0 
14·. fourteen 78 18 2 2 100 0. 0 0 89.0 9.0 LO 1.0 
15 fifteen 77 19 2 2 100 0 0 0 88.5" ' 9.5 1.0 LO 
16 s ixteen : 77 21 1 1 100 0 0 0 88.5 10.5 0.5 0.5 
17 seventeen 76 21 2 1 100 0 0 0 88.o 10:;5 1.0 0.5 
18 eighteen 76 21 2 1 100 0 0 0 88.o 10,.5 1.0 0.5 
19 nineteen 76 20 2 2 100 0 0 0 

f. 88.o 10.0 LO 1.0 
20 twenty 78 20 2 0 100 0 0 0 89.0 10.0 1.0 o.o 
30 thirty 72 22 3 3 100 0 0 0 86.o 11.0 1.5 1.5 . 
40 f o.rty 72 22 3 3 95 5 0 0 83.5 13.-5 l 0 5 , 1.5 
50 fifty 72 ,22 3 3 95 5 0 0 83.5·· 13.5 L5 1.5 
60 sixty 70 24 3 3 95 5 0 0 82.5 14.5 · L5 L5 
70 seventy 70 24 3 3 95 5 0 0 82.5 14.5 1.5 . 1.5 
8o eighty 70 23 3 4 95 5 0 0 82.5 14.o 1.5 . 2.0 . 
90 ninety 69 24 3 4 95 5 0 0 82.0 ·14,5 1.5 ·. 2.0 

100 one hundred 74 19 3 4 95 5 0 0 84~5 12.0 1.5 2.0 .. 

Ordinal numbers 
first 87 13 0 0 95 , 5 0 0 91.0 9.0 o.o . o.o 
second 87 13 0 0 .. 95 5 0 O · 91.0 9.0 o.o o.o 
third 87 13 0 .o 95 5. 0 0 91.0 9.0 o.o '• o.o 
fourth @o: 20 0 0 95 5. 0 .. 0 87.5 ; 12.5 o.o o.o 
fifth 76 24 0 0 95 5 0 0 85.5 14 .• 5 o.o .. o.o 
sixth· 66 27 2 5 . 86 14 0 0 76.0 20.5 LO 2.5 . 
seventh 64 29. 2 5 86 14 0 b ' 75.0 21.5 1.0 2.5 
eighth 64 29 2 5 . 81 14 ' ' 

0 72.5 21.5 3.5 2.5 
ninth 64 29 2 5 . ·· 81 . 14 ' 0 72.5 21 .. 5 3.5 , 2.5 
tenth 63 30 l 6 81 14 5 0 72!0 22.0 3.0 ·. 3.0 , 
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cent for the concepts first, ~d., and third to a. low of 72 per cent 

for the c;·::.,ncept tenth. Others were :fourth) fifth, sixthy seventh, 

eighth ancl. ninth. All concepts of orc1er were rated "essenti~,1. ff 

~ +h~"'. - A ·· l ·. ';'YA-'· E .• ,l.S and .na .ySlS, Table V shows the concepts pertaining to 

syntb.es:Ls in elementary arithmetic. Snythesis 1n ari.thlnetic is the a.ct 

of putting grou:ps together. The following concepts J related to ad.d.i tion, 

were r.9,ted ''essential": ~,dd.) a~d., plus (l:...)Y ho~ many, altogether) to-

gether, were rated "desirable." 

The last three terms appeared only on the first half of the questionnaire 

and might have received a higher· rating by the fourth, fifth". and sixth 

grade teachers, The con.cept tota~ received a 62 :per cent 11essential 11 

TABLE V 

THE IMPORTANCE OF M.A.TilElVLA.TICAL 0011\0EPIS OF SNYTHESIS FOR 
ELEMEJ\JT.A.RY TEAGHFiB.S 

Percentage of (1) e&i\Se:ntial., _ (2) d.E:Edrz,bl.e:.Jl.2 1.:rn.im;po:r~tan:t, (4) bl.ank.o 

Concepts Teachers ExpertB Average 
l '") 3 .4 l ci ·:) ), 1.. 2 3 4 c;, .. J ·+ __ , ________ 

Addition 
ad.cl 93 3 0 

l 100 0 0 C1 96.5 1.5 o.o 2.0 L~ 

and 78 14 1 7 81 11~ 5 0 '79°5 14.o 3,0 3.5 
column 58 23 15 lr 48 33 19 0 53.0 28.0 17.0 2.0 
:plus (f) 76 18 3 3 76 19 5 0 76.0 18.5 4.0 .l.5 
how many 92 6 2 0 90 10 0 0 9.1.0 8.o 1.0 o.o 
sum 58 28 ;L3 1 57 33 5 5 57.5 30.5 9.0 3.0 
total 44 38 15 3 62 33 5 0 53.0 35.5 10.0 1.5 
altogether 67 20 2 2 76 111. 10 0 71.5 21.5 6.o LO .~ 
together 54 32 8 6 67 24 9 0 60.5 28.0 8.5 3.0 

Mu.1.tiplication 
carrying 98 2 0 0 90 5 5 0 94.o 3.5 2.5 o.o 
multiplier 90 9 0 1 72 24 0 0 83.0 16.5 o.o 0.5 
multiply 47 17 27 9 90 5 5 0 68.5 1.1.0 16.0 L~' 5 
product 90 10 0 0 61 19 0 0 85.5 14.5 o.o o.o 
:partial product 67 23 9 1 52 4,8 0 0 59.5 35.5 4.5 0.5 
tables 91 7 1 l 52 29 1.4 5 71.5 l8aO 7 .5 3.0 
twice 75 12 7 6 66 24 5 5 70.5 18.0 6.o 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 11desirable. 11 

Twelve concepts under addition and multiplication were rated "essen­

tial," and four concepts were rated "desirable." Thus, the category was 

rated llessential '' because the majority of the items were so rated. 

Table VI shows the concepts pertaining to analysis in elementary 

arithmetic. The follO't\D.ng concepts, related. to subtraction, were rated 

"essentialn: difference, how many left, minus (:), take away. The fol­

lowing group of concepts were rated 11desirable 11 : count change, left 

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

cross (out), was rated "unimportant." 

The following concepts, related. to division, were ra,ted "essential": 

fractions, borrowing, dividend, 9.uot,ient) trial quotient. Ca.ncella.tion 

was rated "desirable'' and caret (~) was rated 11unimportant." The experts 

rated the concept cancellation low in the (1) nessent:i.aJ.11 column, and 

about average, or 48 per cent; in the ( 3) "unimportant 11 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 11essentia.l. 11 concept in elementary arithmetic, 

and 24 per cent of the elementary teachers believed it was a "desirable 11 

concept. 

The category was rated "desirable11 because there was not a distinct 

majority for either check space. There were 9 concepts rated "essential," 

8 concepts rated ''desirable," and 2 concepts rated ''unimportant." Sub­

traction was rated 11desirable 11 bec@.use a majority of the items were so 
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rated. Division was rated "essentia.l" because a majority of the items 

were rated "essential." 

TABLE VI 

THE IMPORTANCE OF THE CONCEPrS OF ANALYSIS FOR THE ELEMENTARY 
TEACHER 

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

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

Subtraction 
count change 57 33 6 4 57 33 5 5 57.0 33.0 5.0 4.5 
cross (out) 31 42 22 5 19 10 57 14 25.0 26.0 39.5 9.5 
difference 67 22 9 2 71 24 0 5 69.0 23.0 4.5 3.5 
how many left 88 11 0 1 95 5 0 0 91.5 8.o o.o 0.5 
left (over) 47 35 12 6 71 29 0 0 59.0 32.0 6.o 3.0 
min.us (-) 72 22 4 2 71 19 10 0 71.5 20.5 7.0 1.0 
rem21.inder 42 31 23 4 57 38 5 0 49.5 34.5 14.o 2.0 
take a.way 87 6 5 2 81 14 5 0 84.o J,O.O 5.0 1.0 
exceeds 58 29 ~ 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 21 4 3 33 34 33 0 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 86 11 2 l 100 0 0 0 93.0 5.5 1.0 0.5 
borrowing 88 7 4 l 67 5 19 9 77.5 6.o 11.5 5.0 
carat (A) 29 35 30 6 29 33 38 0 29.0 34.o 34.0 3.0 
cancellation 55 24 16 5 19 33 48 0 37.0 28.5 32.0 2.5 
divi.d.end 88 10 1 1 67 33 0 0 77.5 21.5 0.5 0.5 
division 89 10 0 1 81 19 0 0 87.0 14.5 o.o 0.5 
quotient 90 9 0 1 81 19 0 0 85.5 14.o o.o 0.5 
trial. gµotient 70 23 4 3 67 28 5 0 68.5 25.5 4.5 1.5 

Comparison. Certain concepts of comparison are considered important 

b~ 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 a.nq size relation­

ships. These are not wholly mathematical concepts but a.re marginal con­

cepts of a mathematical nature. Table VII lists the concepts of 

comparison. 
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'XABLE VII 

THE IMPORTANCE OF MATHl!lMATICAL CONCEPI'S OF COMPARISON FOR 
ELEMENTARY TEACHERS 

Percentage of {ll essential, {2} desirablez ( 3} unimportant, { 4 l blank. 

Teachers Experts Average 
Concepts l 2 3 4 l 2 3 4. l 2 3 4 ~-

Comparisons 
above-below 77 18 2 3 86 14 0 0 81.5 16.0 1.0 1.5 
big-little 92 7 1 0 95 5 0 0 93.5 6.o 0.5 o.o 
bottom-top 87 12 1 0 86 14 0 0 86.5 1.3ijo 0.5 o.o 
fa.st-slow 82 1.6 1 l 95 5 0 0 88.5 ld.5 ·0.5 0.5 
few-many 82 13 3 2 95 5 0 0 88.5 9.0 1.5 1.0 
·fewer-more 70 24 3 3 90 10 0 0 8o.O 17.0 L5 L5 
first-last 92 1 l 0 95 5 0 0 93.5 6.o 0.5 o.o 
heavier-lighter 46 37 14 3 76 24 0 0 61.0 30.5 7.0 L5 
heavy-light 48 40 8 4 90 10 0 0 69.0 25.0 4.0 2.0 
in-out 73 23 2 2 71 19 10 0 72.0 21.0. 6.o 1.0 
large-small 89 9 l 1 95 5 0 0 92.0 7.0 0.5 0.5 
larger-smaller 69 28 2 1 90 10 0 0 79.5 19.0 LO 0.5 
largest-smallest 68 27 3 2 86 14 0 0 77.0 20.5 1.5 LO 
left-right 93 7 0 0 95 5 0 0 94w · ,,6 .• o o.o o.o 
long-short 87 12 0 1 95 5 0 0 91.0 8.5 o.o 0.5 
longer-shorter 66 29 2 3 90 10 0 0 78.0 19.5 LO L5 
longest-shortest 65 28 4 3 86 14 0 0 75.5 2LO 2.0 L5 
more-less 90 7 2 1 90 10 0 0 90.0 8.5 LO 0.5 
old-young 63 27 7 3 86 9 5 0 74.5 18.0 6.o 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 0 0 87.0 11.5 1.0 0.5 
taller-shorter 58 35 3 4 86 14 0 0 72.0 24.5 L5 2.0 
ta.Jlei:rt-shortest 58 32 7 3 81 19 0 0 69.5 25.5 3.5 1.5 
wide ·-narrow 56 32 10 2 76 14 10 0 66.o 23.0 10,0 LO 
high-low 81 18 l 0 86 14 0 0 83.5 16.0 0.5 o.o 
higher-lower 54 38 5 3 86 14 0 0 70.0 26.0 2.5 1.5 
highest-lowest 54 34 7 5 81 19 0 0 67.5 26.5 3.5 2.5 
bef'ore-~ter 63 30 6 l 76 14 0 10 69.5 22.0 3.0 5.5 
buy-sell 64 30 3 3 76 19 0 5 70.0 24,5 1.5 4.o 
full-empty 61 34 4 1 76 19 0 5 68.5 26.5 2.0 3.0 
east-west 62 30 7 1 76 1g 0 5 69.0 24.5 3,5 3.0 
north-south 63 29 7 1 76 19 0 5 69.5 24.o 3.5 3.0 
:increase-dec~ase69 22 1 2 71 24 0 5 70.0 23.0 3.5 3.5 
more-less 78 16 2 4 81 14 0 5 79 .. 5 15.0 1.0' 4.5 
nearest-farthest 65 28 4 3 71 24 0 5 68.o 26.0 2.0 4.0 
part-whole 79 16 3 2 86 9 0 5 82.5 12.5 1.5 3.5 
share-keep 48 37 9 6 76 19 0 5 62.0 28.0 4.5 5.5 
Slml-di:f'ference 84 10 3 3 90 5 0 5 87.0 7.5 1.5 4.0 
upward-downward 57 34 5 lj. 86 9 0 5 71..5 21.5 2.5 4.5 
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Concepts of comparison rated. 11essential" were: above-below, 

big-little, bottom-top, fast-slow,, few-many, fewer-more, first-last, - - -- --.- --- -- -- -- --
heavier-lighter, heavy-light, in~out, ~arge-small, larger-smaller, 

largest-smalle,st, left-right, long-short, longer~shorter, longest-

shortest, more-less, old.-young, · tall-short, taller-shorter, tallest--.-. - -- -- -- -- -·----
shortest, wide-na.rrow, high-low;. higher-lower, highest-lowest, before--. - - --.--
after, buy-sell, full-empty., east-west, north-south.., increase-decrease,.­

~-less, nearest-farthest, part-whole, share-keep, ~-difference, and. 

upward-downward. Only two.pairs of concepts of comparison were rated 

"desirable." These were older=younger, a..'!'ld oldest-youngest. 

This category was rated "esse:o:tia.1 11 because 38 pairs of concepts 

were rated "essential" and 2 pairs were rated 11desirable. 11 

Measure. The idea of measure is most important to all mankind in 

this scientific age. Certainly~ concepts of measure vary in their 

importance to man according to their use. Table VIII lists the con-

cepts of measure .and.their importance as rated. by the teachers and the 

experts. 

The concepts of capacit;y (volume) rated 11essential" were teaspoon, 

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

"desirable" were half pint and barrel. The concept gill was rated 

u1.,mi:mporta.nt • n 

No concepts strictly of volume were rated "essential." Cubic units 

such as cubic inches, ~ feet, ~~~ ya.ra.s were rated ''desira.ble. 11 

Board feet and cubic centimeters were rated "unimportant.n 

The concepts of counting whi4:!h were rated 11essential 11 were units, 

pairs, dozen, and zero. Score and gross were rated "desirable. 11 Quire 

and ream were considered 11 unimporta.nt. 11 
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TABLE VIII 

THE IMPORTANCE OF THE CONCEPrS OF MEASURE FOR THE 
ELEMENTARY TEACHER 

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 

Area. 
surface 76 13 6 5 95 0 0 5 85.5 6.5 3.0 5.0 
square uni ts 71 15 7 1 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.o 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 0 73.5 25.5 0.5 0.5 
tablespoon 76 22 1 1 71 24 0 5 73.5 23.0 0.5 3.0 
cup 80 19 1. 0 ·71 24 0 5 75.5 21.5 0.5 2.5 
gill 17 .39 40 4 19 57 19 5 18.0 48.o 29,5 4.5 
pint 93 7 0 0 95 5 0 0 94.o 6.o o.o o.o 
half pint (cup) 35 43 15 7 57 38 5 0 46.o 40.5 10.0 3.5 
qua.rt 93 7 0 0 95 5 0 0 94.o 6.o o.o o.o 
gallon 93 1 0 0 95 5 0 0 94.o 6.o o.o o.o 
peck 84 11 5 0 81 19 0 0 82.5 15.0 2.5 o.o 
bushel 83 12 5 0 86 14. 0 0 84.5 13.0 2.5 o.o 
barrel 39 42 19 0 24 15 19 5 31.5 47.0 19.0 2.5 

Volume 
cubic units 30 24 30 16 67 5 14 14 48.5 14.5 22.0 15.0 
(in., ft., yds. ) 

board feet 23 31 41 5 28 39 28 5 25.5 35.0 34.5 5.0 
cubic centimeters 6 21 10 3 29 33 33 5 17.5 27.0 51.5 4 .o 

Counting 
units 94 5 0 1 95 5 0 0 94.5 5.0 o.o 0.5 
pairs 90 7 3 0 100 0 0 0 95.0 3.5 1.5 o.o 
dozen 91 8 1 0 90 5 0 5 90.5 6.5 0.5 2.5 
score 55 34 9 2 43 28 24 5 49.0 31.0 16.5 3.5 
gross 33. 39 25 3 33 43 19 5 33.0 41.0 22.0 4.0 
quire 12 37 48 3 5 42 48 5 8.5 ' 39. 5 48.o 4.o 
rerun 15 43 39 3 14 43 38 5 14.5 43.0 38.5 4.o 
zero 89 8 2 1 95 0 0 5 92.0 4.o 1.0 3.0 

Length 
inch 67 25 6 2 95 5 0 ··O 81.0 15.0 3.0 LO 
foot (feet) 74 17 6 3 95 5 0 0 84.5 11.0 3.0 1.5 
foot ruler 69 24 5 2 86 14 0 0 77.5 19.0 2.5 LO 
yard 58 31 9 2 86 14 0 0 72.0 22.5 4.5 1.0 
yardstick 43 40 8 9 52 38 5 5 42.5 39.0 6.5 7.0 
linear 74 20 5 1 95 5 0 0 84,5 12.5 2.5 0.5 
rod 49 34 16 1 29 62 9 0 39.0 48.o 12.5 0.5 
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TABLE VIII (Continued) 

Percentage of (12 essential., (2) desirable, (32 unimportant, (4) blank. 

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

Length, contd. 
mile 82 15 3 0 100 0 0 0 91.0 7.5 1.5 o.o 
hand 4 34 58 4 9 48 38 5 6.5 41.0 48.o 4.5 
span 2 37 57 4 5 52 38 5 3.5 44.5 47.5 4.5 
pace 2 34 59 5 5 52 38 5 3.5 43.0 48.5 5.0 
fathom 4 44 48 4 5 43 47 5 4.5 43.5 47.5 4.5 
nautical. mile 6 40 51 3 14 !+8 38 0 10.0 44.o 44.5 L5 
knot 8 44 44 4 19 48 28 5 13.5 46.o 36.0 4.5 

Money 
change 57 36 5 2 81 9 0 10 69.0 22.5 2.5 6.o 
coins 64 27 6 3 90 10 0 0 77.0 18.5 3.0 1.5 
cent 92 1 1 0 95 5 0 0 93.5 6.o 0.5 o.o 
penny 92 7 0 l 90 5 5 0 91.0 6.o 2.5 0.5 
nickel 95 5 0 0 95 5 0 0 95.0 5.0 o.o o.o 
dime 95 5 0 0 95 5 0 0 95.0 5.0 o.o o.o 
quarter 87 12 1 0 90 10 0 0 88.5 lLO 0.5 0,0 
half-dollar 82 17 1 0 81 19 0 0 81.5 18.0 0,5 0,0 
dollar, silver 56 34 9 1 62 33 5 0 59.0 33.5 7.0 0.5 
dollar, bill 74 18 6 2 90 10 0 0 82.o 14.o 3.0 LO 

Parts 
halves 8o 16 2 2 90 10 0 0 85.0 13.0 1.0 1.0 
thirds 5.3 36 7 4 71 29 0 0 62.0 32.5 3.5 2.0 
fourths 58 29 8 5 81 19 0 0 69.5 24.o 4.o 2.5 
sixths 12 31 45 12 43 38 19 0 27.5 34.5 32.0 6.o 

Time 
clock (o'clock) 83 12 2 3 90 10 0 0 86.5 11.0 1.0 1.5 
short hand (hr.) 87 9 2 2 81 19 0 0 84.o 14.o 1.0 LO 

long hand (min, ) 87 10 2 1 76 24 0 0 81.5 17.0 1.0 0.5 
hour 91 7 1 1 90 10 0 0 90.5 8.5 0.5 0.5 
half-hour 77 18 2 3 90 10 0 0 83.5 14.o 1.0 1.5 
hllll.f-past 65 27 5 3 57 33 5 5 61.0 30.0 5.0 4.o 
days (names) 82 17 1 0 90 10 0 0 86.o 13.5 0.5 o.o 
hours 7.5 24 1 0 90 10 0 0 82.5 17.0 0.5 o.o 
minutes 64 26 7 3 81 19 0 0 72.5 22.5 3,5 1.5 
seconds 33 31 31 5 52 29 19 0 42.5 30.0 25.0 2.5 
calendar 72 23 0 0 90 10 0 0 83.5 16.5 o.o o.o 
week 82 17 0 1 86 14 0 0 84.o 15.5 o.o 0.5 
months (names) 67 32 1 0 90 10 0 0 78.5 21.0 0.5 o.o 
months (length) 12 52 1 0 62 33 5 0 37.0 42.5 18.5 2.0 
year 98 2 0 0 95 5 0 0 96.5 3.5 o.o o.o 
leap year 79 19 2 0 86 9 5 0 82.5 14.o 3.5 o.o 
decade 60 32 7 1 71 19 10 0 65.5 25.5 8.5 0.5 
century 70 25 5 0 86 9 5 0 78.0 17.0 5.0 o.o 
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TABLE VIII (Continued) 

Percente,ge of {12 es~ential· {2) desirable, (3) unimportant, (4) blank. 

Co:p.cepts Teachers Experts Average 
1 2 3 4 1 2 3 4 1 2 3 4 

morning (A.M.) 98 2 0 .Q 95 5 0 0 96.5 3.5 o.o o.o 
noon 98 2 0 0 95 5 0 0 96.5 3.5 o.o o.o 
afternoon (P.M.) 98 2 0 0 95 5 0 0 96.5 3.5 o.o o.o 
midnight 96 4 0 0 95 5 0 0 95.5 4.5 o.o o.o 
daylight savings 49 34 15 2 Tl 29 0 0 60.0 3l.5 7 .5 LO 
tsble 60 27 12 1 71 29 0 0 65.5 28.0 6.o 0.5 
zones, standard 61 29 9 1 62 38 0 0 61.5 33.5 4.5 0.5 

Weight 
ounce 23 34 35 8 62 29 9 0 42.5 31.5 22.0 4.o 
pound (lb.) 1~9 35 11 5 90 5 0 5 69.5 20.0 5.5 5.0 
hundredweight 32 38 27 3 43 19 33 5 37.5 28.5 30.0 4.o 
ton 83 12 5 0 71 24 5 0 77.0 18.0 5.0 o.o 
long ton 24 41 30 5 24 43 33 0 24.0 42.0 31.5 2.5 
grain 19 28 50 3 24 29 42 5 21.5 28.5 46.o 4.o 
carat 2 24 69 5 0 43 52 5 LO 33.5 60.5 5.0 

Other terms 
a.ba.cus 21 32 39 8 43 43 9 5 32.0 37.5 24.o 6.5 
average 83 15 2 0 90 5 0 5 86.5 10.0 1.0 2.5 
census 35 4,8 14 3 52 33 10 5 43.5 40.5 12.0 4.o 
dimensions 71 20 7 2 76 19 0 5 73.5 19.5 3.5 3.5 
altitude 62 27 9 2 66 24 5 5 64.o 25.5 7.0 3.5 
depth 62 30 7 1 86 5 4 5 74.o 1'7. 5 5.5 3.0 
distances 8o 16 2 2 90 5 0 5 85.0 10.5 1.0 3.5 
height 83 15 1 1 90 5 0 5 86.5 10.0 0.5 3.0 
thickn.es~ 70 2,7 2 1 86 9 0 5 78.0 18.0 l.0 3 .o 
width 81 .15 2 2 90 ~ 0 5 85.5 10.0 1.0 3 .5 .,, 

Measurement 
English system 70 14 12 4 86 9 5 0 78.0 11.5 8.5 2.0 
Metric system 16 34 43 7 38 43 19 0 27.0 38.5 31.0 3.5 
millimeter 7 38 52 3 24 52 24 0 15.5 45.0 38.0 1.5 
centimeter 4 32 58 6 28 48 24 0 15 .5 45.0 38.0 1.5 
meter 6 34 57 3 33 48 19 0 19.5 41.0 38.0 1.5 
kilometer 6 33 58 3 24 52 24 0 15.0 42.5 41..0 1.5 
milliliter 5 21 71 3 5 43 52 0 5 .o 32.0 61.5 1.5 
liter 5 21 74 0 19 48 33 0 12.0 34.5 53.5 o.o 
kiloliter 4 21 72 3 5 47 48 0 4.5 34.o 60.0 1.5 
milligram 4 31 62 3 14 29 48 9 9.0 30.0 55.0 6.0 
gr:am 43 9 53 4. 24 48 28 0 111, .o 43.5 40.5 2.0 
kilogram. 3 20 73 4 9 5·7 29 5 6.0 38.5 51.0 4.5 
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The following concepts of length 1ttere rated nessential. 11 : inch, 

~ or feet,~ ruler, yard, linear, and mile. Concepts rated 11de­

sirable11 were yardstick and~· Other concepts of length little 

used and rated "'U.llimportant" were hand, span, pace, f8,thom, nautical 

mile, a.ud ~. 

All concepts of value (:money) except silver dollar were rated 

11essential. 11 The "essential'' concepts were change, coins, cent, pe:l:l;!ly., 

nickel, dime, quarter,, ~-dollar, and do.lla.r bill. 

The measure of parts a.s halves, thirds., and fourths were rated 

11essential.u Sixths was.rated "desirable. 11 

The concepts of time rated 11essential" were clock or o 1clock, 

short (hour) hand, long (minute) hand, hour, half-b.01..1.r, half-~, days 

(names), hours, minutesJ> calendar, week, months (names)., year, leap year, 

decade, century, morning (~·M·L noon, afternoon (~·!1•, midnight., day­

light sa.vings, table, and standard zones. The concept length of months 

was rated "desirable." 

The two concepts of weight whic,h w,,:i.~e rateo. 11essential 11 were pound 

(lb.) and ton. Tho:s1e com:e:pt.s of weight which :rated ''desirablen were 

ounce, and hundredweight. Long ton, grain., and carat rated ''unimportant. 11 

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 ra.ted "desi:ra.ble." 

The English system of measurement was rated ''essential II 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 ra.ted ''essential." because a large 

majority of the items were so rated. The subheadings which were rated 
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11 essential" were~, ca.pa.city, counting, values (money), parts., time., 

and other related. concepts. Those which were rated 11desira.ble 11 were 

length, weight., and various systems of measurement. One subheading, 

volume, was ra·ted 11unimportant. 11 The En.glish system of measurement 

was rated ''essential., 11 but the metric system ws.s rated "unimportant. 11 

The Number System. The Hindu=Arabic number system has probably been 

one of man 7s greatest achievements in. s;ymbols and logic. A thorough 

understanding of the number system. and all concepts pertaining to it 

is vital to an elementary teacher. Table IX lists the concepts pertain­

ing to the number system, and the importar].ce which the teachers and ex­

perts attach to them. 

The concepts of' numbers which were rated "essent,ial" were Arabic, 

even, odd, whole., position., digits.~ group(~).9 zero, units., ones' place, 

~-' ~f glace., hundreds, hundreds' place, thousands, millions II and 

billions. Roma.n numbers were rated 11desirable o II Three concepts under 

group( s) whieh were rated ''unimportant; 11 ·were oneness, twoness, and 

fiveness. 

The fo,llowing concepts of fractions we:::-e rated "essential 11 : part 

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

fourths, fifths, sixths, sevenths, eighths., eg:uivalent, improper, proper., 

invert, lowest te:r:ms, mixed numbers, ~ (similar), and unlike. Two 

·eoo.eepts which were rated ua.esirable" were ra,tio, and rec·ipe ·(mixture). 

The concepts pertaining to deci:mal.s which were rated "essentia.1 11 

were decimal point, tenths, hund.redt,hs, per cent, thousandths, a;mi·mxed 

decimals. One concept., cents point, was rat.ed "c.esir.able. 11 

The category was rated 11essentialn because 43 conc.epts were rated 

"essential, 11 4 concepts were rated "d.esirable, u and 3 concepts were 

rated 11unimportant. 11 
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TABLE IX 

THE IMPORTANCE OF THE CONCEPI'S OF THE NUMBER SYSTEM FOR THE 
ELE:MENTARY TEACHER 

!'_~rcent age of (1) essential, (2) desirable, (3) 1.mimportant, (4) blank. 

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

Numbers 
Arabic 86 11 2 1 76 10 0 14 81.0 10.5 1.0 7.5 
even 89 10 1 0 90 5 0 5 89.5 7.5 0.5 2.5 
odd 89 10 1 0 90 5 0 5 89.5 7 .5 0.5 2.5 
whole 93 6 0 1 90 0 0 10 91.5 3.0 0.5 5.0 
position 89 10 1 0 95 5 0 0 92.0 7.5 0.5 o.o 
digits 84 12 3 1 76 10 9 5 8o.o 11.0 6.o 3.0 
group(s) 68 23 8 1 95 0 0 5 81.5 11.5 4.o 3.0 

oneness 16 14 57 13 52 5 38 5 34.o 9.5 47.5 9.0 
twoness 14 16 57 13 48 9 38 5 31.0 12.5 47.5 9.0 
fiveness 13 15 59 13 48 9 38 5 30.5 1.2.0 48.5 9.0 

zero 8o 14 3 3 95 0 0 5 87.5 7.0 1.5 4.o 
units 81 17 1 1 86 5 5 4 83.5 11.0 3.0 2.5 
ones ' pla.ce 72 14 7 7 100 0 0 0 86.o 7.0 3.5 3.5 
tens 98 2 0 0 100 0 0 0 99.0 1.0 o.o o.o 
tens1 place 72 14 7 7 100 0 0 0 86.o 7.0 3.5 3.5 
hundreds 98 2 0 0 100, 0 0 0 99.0 1.0 o.o o.o 
hundreds place 67 15 11 7 90 5 0 5 78.5 10.0 5.5 6.o 
thousands 97 3 0 0 100 0 0 0 98.5 1.5 o.o o.o 
millions 76 20 4 0 100 0 0 0 88.o 10.0 2.0 o.o 
billions 50 31 16 3 76 24 0 0 63.0 27.5 8.o 1.5 
Roman 48 49 3 0 52 43 0 5 50.0 46.o 1.5 2.5 

Fractions 
pa.rt (of wbole) 98 1 0 1 100 0 0 0 99.0 0.5 o.o 0.5 
deno:rr,inator 89 6 4 1 95 5 0 0 92.0 5.5 2.0 0.5 

equai.l parts 94 5 1 0 100 0 0 0 97.0 2.5 0.5 o.o 
common 86 7 7 0 95 5 0 0 · .. ·9.0 .5 6.o 3.5 o.o 

numerator 91 5 4 0 95 5 0 0 93.0 5.0 2.0 o.o 
halves 95 5 0 0 100 0 0 0 97.5 2.5 o.o o.o 
thirds 94 6 0 0 100 0 0 0 97.0 3.0 o.o o.o 
fourths 94 6 9 0 100 0 0 0 97.0 3.0 o.o o.o 
fifths 89 10 1 0 95 0 5 0 92.0 5.0 3.0 0.0 
sixths 85 12 3 0 95 5 0 0 90.0 8.5 1.5 o.o 
sevenths 75 20 3 2 57 24 19 0 66.o 22.0 11.0 LO 
eights 80 15 3 2 90 10 0 .o 85.0 12.5 1.5 LO 
equivalent 70 19 10 l 100 0 0 0 85.0 9.5 5.0 0.5 
improper 80 12 7 1 86 9 5 0 83.0 10.5 6.o 0.5 
proper 83 9 7 l 86 9 5 0 84.5 9.0 6.o 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 81 19 0 0 82.0 13.0 4.5 0.5 
mixed numbers 83 9 1 l 95 0 5 0 89.0 4.5 6.o 0.5 
ratio 19 48 30 3 90 10 0 0 54.5 29.0 15.0 1.5 

, recipe(mi.xture) 33 52 15 0 57 33 10 0 45.0 42.5 12.5 o.o 
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TABLE IX, Contd. 

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

Concepts Teachers Experts Average 
l 2 3 4 l 2 3 4 l 2 3 4. 

Decimals 
decimal point 89 7 31 1 100 0 0 0 94.5 3.5 l.5 0.5 
cents point 44 29 23 4 52 28 5 15 48.o 28.5 14.0 9.5 
tenths 85 7 7 l 100 0 0 0 92.5 3.5 3.5 0.5 
hundredths 83 7 10 0 100 0 0 0 91.5 3.5 5.0 o.o 

per cent 52 29 19 0 71 24 5 0 61.5 26.5 12.0 o.o 
thousandths 61 22 15 2 90 10 0 0 75.5 16.0 7.5 1.0 
mixed 63 21 13 2 86 0 9 5 74.5 10.5 11.0 4.o 

Miscellaneous Applications. None of the concepts relating to a. 

family bud.get were 11essential11 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~~,~' and 

spend. Those concepts rated "unimportant11 were advancement, insurance, 

TABLE X 

THE IMPORTANCE OF TEE MATHEMATICAL CONCEPI'S OF A FAMILY BUDGET FOR THE 
ELEMENTARY TEACHER 

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

Concepts Teachers Experts Average 
l 2 3 4 1 2 3 4 l 2 3 4 

Budget (family) 
14 40.5 43.0 income 33 53 13 l 48 33 5 13.5 3.0 

advancement 10 48 35 7 24 52 19 5 17.0 50.0 27.0 6.o 
clothing 36 49 12 3 48 33 14 5 42.0 41.0 13.0 4.0 
food 42 43 12 3 62 19 14 5 52.0 31.0 13.0 4.0 
health 36 44 16 4 62 19 14 5 4S).O 31.5 15.0 4.5 
insurance 11 56 30 3 24 47 24 5 17.5 51.5 27.0 4.o 
recreation 27 51 16 6 33 48 14 5 30.0 49.5 15.0 5.5 
savings 40 47 11 2 52 33 10 5 46.o 40.0 10.5 3.5 
shelter (rent) 28 51 16 5 43 33 19 5 35.5 42.0 17.5 5.0 
miscellaneous 12 51 23 14 24 24 24 28 18.0 37.5 23.5 21.0 
save 43 39 13 5 67 19 4 10 55.0 29.0 8.5 7.5 
spend 52 36 7 5 67 19 5 9 59.5 27.5 6.o 7.0 
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and miscellaneous . These are not strictly mathemati.cal concepts. 

However, the stud.y of a family budget is found in most of the aritbme-

ti.c textbooks. 

The concepts of a family budget were n desirable . " The ma.j ori ty, 

or 9 concepts of a family budget) were rated 11 desirable," and. 3 con-

cepts were rated ''unimportant. 11 

Table XI lists the concepts relating to business and the impor-

tance of these concepts as rated by the elementary teachers and the ex-

perts. None of t he concepts of business were rated "essential . 11 The 

concepts of business rated 11desirable 11 were prices, cost price, list 

price, marked- price, sal~ price, sell ing price, retail pri.ce, ~, sell, 

spend, and cost. The two concepts net pr:i.ce and whol esale price were 

rated t'uni.mportant. '' 

TABLE XI 

TBE IMPORTANCE OF CERTAIN MATHEMATICAL CONCEP'.Cf? OF BUSINESS FOR 
'I'BE ELEMENTARY TEACHER 

Percentage of ( 1.) essent:i.al, (2) desirable} (3) u:n:i.mportan:t, ~ (!+) blank. 

Concepts Teachers Ex.perts Average 
1 2 3 4 1 2 3 4 1 2 3 ~-

Business 
:prices 53 34 9 4 62 19 9 10 57.5 26.5 9.0 7.0 

cost 51 38 9 2 62 24 9 5 56 .5 31.0 9.0 3.5 
list· 16 54 27 3 3$ 33 24 5 27.0 43.5 25.5 4.0 
marked 25 J+7 25 3 38 33 24 5 31.5 40.0 24 .5 4.o 
net 22 ~-4 30 ~- 28 29 33 10 25.0 36.5 31.5 7.0 
sal e 39 43 17 1 48 33 9 10 43.5 38 .0 13.0 5.5 
selling 36 44 17 3 57 28 10 5 46.5 36.0 13.5 4.0 
retail. 25 51 2':( 1 29 38 28 5 27.0 44 .. 5 22.5 3.0 ., 
wholesale 21 48 28 3 :i4- 48 33 5 17.5 48.o 30.5 4.o 

save 43 39 13 5 67 19 4 10 55.0 29.0 8.5 7.5 
sell 49 38 10 3 57 20 5 9 53.0 33.5 7.5 6.o 

/ 

spend 52 36 7 5 67 19 5 9 59.5 27.5 6.o 7.0 
cost 42 27 4 27 76 19 0 5 59.0 23.0 2.0 16.0 
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The category on business was rated "desirabl e" because a majority 

of the items were so rated. 

Table XII lists the concepts pertaining to graphs and their i.mpor-

tance as rated by the teachers and experts. Only the concept bar graph 

was rated "essential. 11 The concepts of graphs rated ndesirable" were 

divided bar, horizontal bar, vertical bar) ~ircle, line, picture or 

pictograph, scale, scale drawing, scale model, and scale rnaps, 

TABLE XII 

THE IMPORTANCE OF THE MA.THEM.A.TIC.AL CONCEPTS OF GRAPH FOR THE 
ELEI\IJENTARY TEACHER 

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

Concepts Teachers Experts Avera,ge 
1 2 3 4 1 2 3 4. 1 2 3 4 

Graphs 
bar 411. J+4 5 7 81 14 0 5 62.5 29.0 2.5 6.o i 

divided 30 41 21 8 34- 33 14 19 32.0 37.0 17,5 13. 5 
horizontal 36 !+7 13 4 62 24 5 9 49.0 35.5 9.0 6.5 
vertical 38 47 12 3 62 24 9 5 50.0 35.5 10.5 4.o 

circle 44 39 13 4 52 24 19 5 48.o 31.5 16.0 4.5 
line 52 36 8 4 62 33 5 0 57.0 3J+.5 6.5 2.0 
picture (pictograph) 

h=l 
• .... } 4-3 11 3 67 24 9 IQ) 55.0 33.5 10.0 1.5 

seal& 39 34 14 13 48 28 5 lf) 43.5 31.0 9.5 16.0 
drawing 34 50 14 2 52 48 0 0 43.0 49.0 7.0 1.0 
model 28 49 18 5 48 52 0 0 38.0 50.5 9.0 2.5 
maps 52 38 9 l 62 33 0 5 57.0 35.5 4.5 3.0 

The concepts of graphs were rated 11desirable. u 

Table XIII lists the concepts pertaining to problems which are 

essential for understanding and solving problems. The "esse:nti.al 11 con-

cepts were verbal story problems, one-step problems, two-step problems, --.- ---
hidden facts, questions, answers., approximate answers, estimate answers, 

round. (9ff) answers.i checking, check (work), ~:umber stories, problems, 
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and round. All concepts under problems were re.ted "essential." 

Certain concepts pertaining to verbal problems were rated 

"essential." 

TABLE XIII 

THE IMPORTANCE OF CERTAIN MATEEMATICAL CONCEP:J:S OF VERBAL PROB-
LE.MS FOR TEE ELEMENTARY TEACEER 

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 

Problems 
verbal (story) 85 7 1 7 62 14 0 24 73.5 10.5 0.5 15.5 

one-step 91 8 0 1 76 24 0 0 83.5 16.0 o.o 0.5 
two-step 85 15 0 0 76 24 0 0 8o.5 19.5 o.o o.o 
hidden facts 68 22 8 2 76 10 9 5 72.0 16.0 8.5 3.5 
questions 90 8 0 2 86 14 0 0 88.o 11.0 o.o LO 
answers 8o 15 2 3 81 19 0 0 8o.5 17.0 1.0 1.5 

approx~ 48 45 6 1 76 19 5 0 62.0 32.0 5.5 0.5 
estimate 51 43 6 0 81 19 0 0 66,.o 31.0 3.0 o.o 
round(of':f') 39 49 9 3 81 14 5 0 60.0 31.5 7.0 1.5 
checking 75 15 0 10 71 19 0 10 73.0 17.0 o.o 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 4 57 29 9 5 66.o 23.5 6.o 4.5 
problems 66 21 8 5 81 9 5 5 73.5 15.0 6.5 5.0 
round 71 20 5 4 67 2~- 0 9 69.0 22.0 2.5 6.5 

Table XIV lists some other ma.thema.tical concepts which a.re impor-

ta.nt. Those concepts rated 11essential11 were same, equals, circle, 

squares,~, both and. fewer. Other m.a.thema.tica.J. concepts rated "de­

sirable" were ~ ~' stamps or post11l.ge, alike (!:! many as), and 

triangle. 

The category was rated 11essential11 because a majority of the 

concepts were so rated. 



53 

TABLE XIV 

THE IMPORTANCE OF OTHER MATHEMATIC.AL CONCEP.rS FOR THE 
ELEMENTARY TEACHER 

Pe;rcenta.ge of ( 1) essentia.J., (2) desirable., (3) unimportant, (4) blank. 

Concepts Teachers Experts Average 
1 2 3 4 1 2 3 4 l 2 3 

air me.il 25 50 20 5 38 38 19 5 31.5 44.o 19.5 
stamps (postage) 43 41 13 3 62 24 5 9 52.5 32.5 9.0 
alike (as many as) 

66 33 1 0 52 43 0 5 59.0 38.0 0.5 
same 8o 17 2 0 81 14 0 5 8o.5 15.5 1.0 
equals 78 18 3 1 86 .9 0 5 82.0 13.5 1.5 
circle 76 22 2 0 66 24 5 5 71.0 2).0 3.5 
squares 61 27 9 3 71 19 0 10 66.o 23.0 4.5 
triangle 28 38 27 7 67 24 4 5 47.5 31.0 15.5 
ea.ch 73 23 3 1 86 9 0 5 79.5 16.0 1.5 
both 72 23 3 2 86 9 0 5 79.0 16.0 l.5 
fewer 6·5 28 4 3 86 9 0 5 75.5 18.5 2.0 

· T~ble XV lists the number of concepts which were checked (l) 

essential., (2) desire,ble., · (3) unimportant., and (4) no re.ting. 

4 

5.0 
6.o 

2.5 
3.0 
3.0 
2.5 
6.5 
6.0 
3.0 
3.0 5 
4.o 

Per cents have been calculated on the total for each group and have been 

included in the ta.ble. 

TABLE XV 

AVERAGE RATINGS OF CONCEPrS 

Data. ta.ken from Tables IV - XIV (per cent is figured on total) 

Essential 
No. "/o 

Desirable Unimportant 
No. <fo No. % 

No Ba.ting Total 
No. 'fo 

Concept$ 66 19.76 36 o.oo 334 

A total of 334 mathematical concepts were checked by the elementary 

teachers and experts. Two b'tllldred thirty-two concepts or 69.46 per cent 

were rated "essential. 11 Sixty-six mathematical concepts or 19.76 per 



cent were rated ''desirable. n Thirty-six mathematical concepts or 10. 78 

per cent were rs.ted nuni.mportant. 11 

The experts generally rated the mathematical concepts higher than 

the elementary teachers ra.ted them. The trends in checking were quite 

similar between the two groups of respondents. An item which was rated 

low in the 11essential11 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 ra.ted "essential.," 20 per 

cent of the mathematical concepts were rated 11desirable 11 and. 11 per cent 

of the mathematical concepts were rated ''unimportant.'' 

Seven of eleven categories of mathematical concepts were "essential 11 

to the elementary te~,chers according to the check sheets of the elemen­

tary teachers and experts. These were the categories on the concepts of 

order, synthesis, comparison, measure, nurnber system, verbal problems, 

and other mathematical concepts. Four categories were "desirable" for 

the elementary teachers • These categories were on the conc.epts of 

analysis, budget, business,and graphs. Of the subheadings under the 

eleven categories 18 were rated ''essential, 11 5 were rated "desirable," 

and. 1 was rated "Ul.!l.important. 11 
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Reference was made in Chapter II to the ''importance of meanings, n 

and to "meanings teachers should develop." The important concepts 

discussed in this chapter are adequately representative of the catego­

ries which Bro:-wnell suggests.2 A definition is not sufficient for 

most of these concepts. As an example, the dict;i.onary defines foot 

as a unit of length of 12 inches. A few pages further, it defines an 

inch as a small unit of measure, one twelfth of a foot. This has 

little or no meaning. Thus, meanings and understand.ings of the 

important concepts of ma.thematics should oe part of the training of 

the elementary teacher. 

j '!;ii ! ,I, i1 'I I·) I i i) I 

1 ! i I i, r r,: .i ·i 1 1 i 

2 Supra, p. 15, 



CRAPrER V 

ANALYSIS OF DATA, PROCESSES 

The objective of this chapter was to analyze the data which con-

cerns the processes of elementary arithmetic in terms of the categories 

as mentioned in the hypothesis. The proce~ses 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 

Stipanowicb.l 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 Che,pter rv2: 

1 J. J. Stipa.nowich, "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. 



XII. The processes o:f counting and nu:mera.ting. 

(a) Coun·ti:ng • 

(b) Numerating. 

( c) Recognizing qu.ani;i.ties. 

XIII, The processes of grouping and regroup:i.ng. 

(a) Add.ing . 

( b ) Subt;:rac·ting. 

( C:) Multi:plyin.g , 

( d) Dividing. 

XIV. The processes o:f comparing. 

( a) Comparing relati vel:;\r, 

( b) Measuri:rJ.g. 

XJ!. The processes involved in graphing. 

XVI. The processes invo1Yed. u:1 sol vir.ig probleJ:M, • 

(a) Reading w:ith understand.ing. 
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Cb) Choosing mathem.a.t;i c2;,l prc>:::esses ana. the operating of 

them. 

Treatment of Da.ta 

A table ·w'.h:i.ch corresponds to each cat,egory of processes has been 

constructecl., and lists the data, after trea:t.ment, from the questionnaires. 

The tables express in r;er c:ent the opinions of the teachers and ex.perts, 

and an average between the two groups concerni:ng the mathematical pro­

cesses of elemerrtary a:ri thm.etl c, Each process ·Tt:ras checked by the elemen­

tary teachers in one of' three spac.es as follows: (l) essential, (2) de­

$irable, ( 3) unimportant,. These c,heck points under each classification 

were totaled and per cents, based on the total answerea. questionnaires, 

were calculated. Sim.ilar d.ata were given for the experts. An average 



was figured between the per cents of the teachers and the experts. All 

analyses were based upon the average rankings. The conclusions for the 

category as a whole were based upon the ratings of a majority of the 

subheadings in each category. Some of the subheadings were also rated 

by this methoa .• 

~ting, Numerating, and Recognizing Quantities in Mathematics. 

Counting is progressively giving numbers as 1, 2, 3, 4 ... or 57 10, 

15 . . • . Nv.merating is working with numbers. Recognizing quanti t,ies 

is associating names and symbols, and identifying groups. 

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

ing quantities in mathematics and their related subheadi~s according to 

TABLE XVI 

THE IMPORTANCE OF THE MATHEMATICAL PROCESSES OF COUNTING 
AND NUMERATING FOR THE ELEME:NTARY TEACHER 

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

Processes Teacher is E...x:perts Average 
1 2 3 4 1 2 3 4 1 2 3 4 

counting 66 2 0 32 90 0 0 10 78.0 1.0 o.o 21.0 
by ones 93 7 0 0 100 0 0 0 96.5 3.5 o.o o.o 
by groups 83 14 2 1 81 14 0 5 82.0 14.o 1.0 3.0 

nu.TJ1erating 36 6 1 51 86 0 0 14 61.0 3.0 3.5 32.5 
learning about numbers (meaning) 

86 5 2 7 100 0 0 0 93.0 2.5 1.0 3.5 
reao.ing numbers 95 4 1 0 100 0 0 0 97.5 2.0 0.5 o.o 
using numbers 82 4 2 12 100 0 0 0 91.0 2.0 1.0 6.o 
writing numbers 93 4 3 0 95 0 0 5 94.o 2.0 1.5 2.5 
Arabic numbers 93 6 0 1 90 5 0 ·5 91.5 5.5 o.o 3.0 
Roman numbers 48 49 3 0 52 43 0 5 50.0 46.o 1.5 2.5 
position 89 10 l 0 90 0 5 5 89.5 5.0 3.0 2.5 

recognizing quantities 
38 22 0 40 81 0 0 19 59.5 11.0 o.o 29.5 

associating number names, words, symbols 
88.5 8.5 82 17 0 1 95 0 0 5 o.o 3.0 

identifying groups 
8!+.o 4.5 73 22 1 4 95 0 0 5 11.0 0.5 
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their importance as rated by the elementary teachers and the experts. 

Counting.~ counting El. ~' and countiqg by groups were rated "essen­

tial.,.; Nu.m.erating and related processes of learning about numbers 

(meaning), reading numbers, using uu..m.bers) w:riting numbers, Arabic num­

bers, and positions were rated. nessential o 11 Numerating in Roman numbers 

was rated. 11d.esira.bl.e o 11 Recognizing quantities :also was rated "desirable." 

Associating number name:sj words, symbols, and id.entifying groups which 

are subheadings under recognizing g_uanti ties were rated "essential. 11 

The category of counting and numerating was rated "essential'' be­

cause 13 i terns were rated ''essential. 11 and 2 items were rated "desirable. 11 

Grouping and Regrouping. Grouping ii.i assembling objects according 

to some connnon characteristic. Regrouping is separating a group into 

smaller groups, 

Table XVII shows the processes o:f grou;ping; and regrouping and 

their ratings by the elementary t;eachers aua. experts. Addi.ng and re-

lated processes of carrying and putt;:i.ng together were rated "essential. n 

Subtracting and related. processes of chang:i.ng large groups ~ smaller 

groups., coun.ti.ng change, hmnT many left» take awa,yJ and borrowing or 

carrying~ were rated "essential." Counting away was rated "desirable. 11 

Multiplying and carrying, a subheading under multiplying, were rated 

"essential." Also} divid.ing was rated 11essential." That fifty-four 

per ceµ.t of the elementary teachers did not check this process probably 

indicated a misunderstanding. 

The category on grouping and regrouping was rated "essential." be­

cause a majority, or 15 processes., wa:s rated "essential" and 2 pro­

cesses were rated "desirableo 11 
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'.CABU!l XVII 

THE IMPOR!ANOE Oll'.TllE ~T~TICAL PROCESSES ()f GROUPING AND 
REGROUPING IN ELEMENT.ARt ARITHMm'IC FOR THE ELEMENTARY 

i~mm 
~ ·.. . . 

" " 

Percentage -of (l) essenti~,-.:(~~-',desirable, (3) 9°:ttant., (4) bl9;Dk.~-' 
. . . .. ;.. ~ . . .' ~:. . . ' - .. . '. ' ' .. · 

Processes Teachers· Experts Average 
1 "" 2 3 · ,,, 4.. l. 2 3 4 , ,1 . 2 3 

Aq.ding 73 2 2 23 . 
carrying 51, 17 21 ll .· 
putting together 72 16 6 6 

71 O O 29 
90 0 10 0 
86 14 0 0 

72.0 LO 
70.0 8.5 
79.0 15.0 

Subtracting 46 2. · 1 , 51 · 81 O O 19 63.5 LO 
changing larger g~oups intp SJW:1,ller groups 

· · 48 24 18 l.O: 86 9 5 
counting away 39 28 ie. ;j.5 76 5 19 
counting change 63 27 "6. \4 · · 71 24 5 
bow many left · 89 ··9 2 0 100 O O 
take away· 87 9 2 2 86 14 o 

O 67.0 16.5 
O 57.5 16.5 
O 67.0 25.5 

borrowing {carrying back) 

Multiplying 
carrying 

99 0 0 4, 
,. 

35 25 J.8 22 
98 O O 2 

Dividing " 32 13 l 54 
separating into equal groupe 

64 ?3 8 5 
cutting into equal parts 

61 31 4 4 
borrowing {carrying back) 

98 l l O 
gett,ing an average {additiqri) 

89 10 0 l 

76 10 

86 9 
100 0 

81 O 

95 5 

90 10 

81. 9 

86 9 

o 94.5 4.5 
o 86.5 lL5 

o 14 87.5. 5.0 

O 5 60.5 17.0 
O O 99.0 o.o 
O 19 56.5 6.5 

o o 79,5 14.o 

O O 75.5 20.5 

5 ? 89.5 5.0 

o 5 87.5 9.5 

1.0 26.0 
15.5 5.5 
3.0 3.0 

0.5 35.0 

lL5 5.0 
18.5 7.5 

5.5 2.0 
LO O.O 
LO LO 

o.o 7.5 

9.0 13.5 
0.0 LO 

0.5 36.5 

4.o 2.; 

2.0 2.0 

3.0 2.5 

o.o :3.0 

Qompa.ring. Table XVIII lists the processes of comparing and their 
" ' 

ratings as given by the elementary teachers and experts. Cog,aring and 

the subheading measuring were rated "esse~tial." Co!P!!ing quantities 

was rated "desirable." Subhe&dings under cagpar1ng quantities rated_ 

"essentie.J. 11 were fractions {relative $ize), values ~ ech.a.ses, and?: 

conwa.ring !?z difference. One process, e~ing quantities !?l ra~io, 

was rated "desirable." 

The process of measuring and the subheadings of Epslish s~tem, 
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TABLE XVIII 

'1:I-IE IMPORTANCE OF TEE M.A.TBEMATICAL PROCESS OF COMP.ARING IN 
ELEMENTARY ARITHMETIC FOR THE ELEMEJ\lTARY 

TEACHER 

Percenta e of 1 essential 2 desirable 4 blank. 

Processes Teachers Expert:s Average 
1 2 3 4 1 2 3' 4 1 2 3 4. 

Comparing 54, 31 4 11 90 5 0 5 72.0 18.0 2.0 8.o 
measuring 51 38 6 .5 9.5 5 0 0 73.0 21.5 3.0 2 c· '::> 

Comparing quantities 
47 10 l 42 67 0 0 33 57.0 5.0 0.5 37,5 

fractions (relative size) 
85 11 2 2 1.00 0 o: 0 92.5 5,5 1.0 1.0 

values in purchases 
68 25 4 3 86 14 0 0 T7,0 19.5 2.0 1.5 

by difference 65 30 3 2 100 0 0 0 82.5 15.0 L5 1.0 
by ratio 16 48 17 19 95 5 0 0 55.5 26.5 8.5 9.5 

i 

Measuring 47 23 3 2'7 76 i:: 0) 19 61.5 14.o 1.5 23 .o .,... 

English System 74 11 10 5 95 0 0 5 84.5 5.5 5.0 5.0 
met:ric system 16 35 L13 6 38 J.i.8 9 5 27.0 41.5 26.0 5.5 
areas 64 25 9 2 86 9 0 5 75.0 1:7 oO 4.5 3.5 
capacity L~o 30 28 2 81 9 5 5 60.5 19.5 16.5 3,5 
length 52 39 6 3 9.5 i:: 0, 0 73.5 22.0 3.0 1.5 ,/1 

money, identifying ai.'1d value 
71 21 4 4 90 10 0 0 80.5 15.5 2.0 2.0 

money, reading, writing, and mea:n:Lng 
72 15 2 "ii '".I 

• .1 ... l, 86 0 () 14 '79.0 7,5 LO J2,5 
time 87 4 l 8 90 I .. 0 r-:,: 88,5 4, .5 0.5 6.5 ) .,, 

in 1:iours and half hours 
81 15 2 2 81 19 0 0 81.0 17.0 1.0 1.0 

in days 66 27 5 2 86 14 0 0 76.0 20.5 2.5 1.0 
in months 54 33 8 5 81 19 ~ 0 67.5 26.0 4.o 2.5 
in years 89 9 1 1 95 5 0 0 92.0 7.0 0,5 0.5 
in decades 49 39 11 1 57 38 5 0 53.0 38.5 8.o 0.5 
in centuries 4-8 33 9 10 71 24 5 0 59.5 28.5 7.0 5.0 

volume 32 41 19 8 6'7 28 0 5 48.5 34.5 9.5 6.5 
weight 84 12 2 2 95 0 0 5 89,5 6.o LO 3.5 

areas, capacity, length, money (~ntifying and y_2:lue), money (reading, 

writing, and meaning), time, time.!.£ hours and half hours, time in days, 

time in months,~ in lears, and measuring were rated "essential." 

Measurin& in metric system, measurin.s; in centuries, and measuring 
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volume were rated 11desirable," 

· The category on comparing was rated t'essential" because a majority 

of the processes were so rated. 

Graphing~ Problem Solving. Table XIX lists the processes 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~ maps, and using ~aphs 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, (4) blank. 

Processes Teachers Experts Average 
1 2 3 4 l 2 3 4 1 2 3 4 

Graphing 28 22 3 47 57 5 0 38 42.5 13.5 1.5 42,5 
drawing to scale 27 56 14 3 67 24 0 9 47.0 40.0 7.0 6.o 
interpreting (understanding) 

74.5 5l~ 37 5 4 95 5 0 0 21.0 2.5 2.0 
reading graphs, maps 

67 28 3 2 95 .5 0 0 81.0 16.5 1.5 1.0 
using 56 33 7 4 86 14 0 0 71.0 23.5 3.5 2.0 
mapping 33 50 12 5 67 33 0 0 50.0 41.5 6.o 2.5 

The processes involved in graphing were rated 11essential11 since 

three items were. rated "essential" and two items were rated "desirable." 

Table XX lists the processes involved in solving problems in 

elementary arithmetic and their ratings as given by the elementary 

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

~, understanding problems, deciding (thinking), were rated "essential.'' 

The subheadings under thinking, planning and deciding of solving number 

stories, and solving problems were rated 11essential. 11 Checking was rated 



"desirable." A;wroximating 2:E: round numbers, a subheading under 

checking, was rated "essential." 

TA:aLE XX. 

THE IMPORTANCE OF TEE·MAT~IC.AL PROCESSES INVOLVED IN SOLVING 
PROBµ;M3 IN EIE.ME)NTARY ARITHMETIC FOR TBE ELEMENTARY TEACHER 

Fercentag~' of_ {1~· essential:z {2)' desirablez ~3) unim;eortantz (4) blank. 

Prqcesses Teachers Experts Average 
1 2 3 4 l 2 3 4 l 2 3 4 

Solving problems 62 0 0 38 67 0 0 33 64.5 o.o o.o 35.5 
reading 98 2 0 0 95 0 0 5 96.5 1.0 o.o 2.5 
understanding 99 
deciding (thinking) 

0 l 0 95 .o 0 5. 97.0 o.o 0.5 2.5 

98 l l 0 95 0 0 5 96.5 0.5 0.5 2.5 

· Thinking, planning, deciding 
54 9 0 37 81 0 0 19 67.5 4.5 o.o 28.0 

solving number stories 
80 15 3 2 62 29 9 0 71.0 22.0 6.o 1.0 

solving problems 74 17 7 2 81 14 0 5 77.5 15.5 3.5 3.5 

Checking 36 7 0 57 81 5 0 14 58.5 6.o o.o 40,5 
approximating in round numbers 

57 35 3 5 95 5 0 0 76.0 20.0 1,5 2.5 

.The category on solving problems was rated "essential" because a 

majority of the processes were so rated. Eight items were rated "essen­

t:f,a.l," 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 ea.ch group and have been 

included in the table. 



TABLE XXI 

AVERAGE ~INGS OF PROCESSES 

l>a.ta ~a,ken from Tables XVI.., XX ~P:r cent is fi§?Eed.on total) 

Processes 

Essential 
No. % 

Desirable 
No. % 

56 80.00 13 

Unimportant 
No. % 

No Rating 
No. % 

o.oo 1 1.43 

64 

Total 

70 

A total af 70 mathematical processes which included 14 main headings 

and 56 subheadings was checked by the elementary teachers and experts. 

Fifty-six,or 80 per cent,of the mathematical processes were rated "essen-

tial," Tpese included 9 major headings and 47 subhe&dings. Thirteen or 

18.57 per cent of the mathematical processes were rated desirable. These 

th:J.rteen processes included four major headings and nine subheadings. One 

process, ~aphing, could not be rated individually by the methods set forth 

at the beginning of this chaipter a.s it,received an "essential11 rating of 

42.5 per cent and an 11amission" rating of 42,5 per cent. However, the 

category was rated "essential" because three subheadings were rated 

"essent:;.al'' and two subheadiilgs were rated "desirable." 

Eighty per cent of the 70 mathematical processes-checked by the 

elementary teachers and experts were rated "essential." Approximately 

19 per cent of th~mathematica.l processes were rated "desirabl.e," andl 

per cent of the mathematical processes was not rated. All categories of 

mathematical processes were ratl;!d_ "essential" to the-elementary teacher. 

These categories were the processes of counting and numerating, grouping 

andr.egropiins:, compa.+"1!1§5, s_raphing, a.nd solving problems. 



These processes adequately cover those reconnnended from the 

Guidance Report on the Connnission on Post War Pla.ns.3 Meanings and 

understandings have great significance in the mathematical processes of 

a.ri tmnetic for the elementary teacher. An example which is inadequately 

treated in the textbooks. and the teacher education books on arithmetic. 

is the "inversion" rule in division of fractions. Most authors simply 

state the ;rule and give little or no expla.nation. It is simply a.n 

application of the principle that both numerator and denominator of a 

fraction can be multiplied by the same number without changing the value 

of the fraction. The multiplier is so chosen that the denominator be-

comes one. 

These meanings and understandings of all mathematical processes of 

arithmetic should be a pa.rt of the training of the elementary teacher. 

3supra, p. 2. 



CHAPTER VI 

SUMMARY OF FINDINGS 

This investigation was concerned with the problem of identifying 

the concepts and processes o;e' 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 unfavorable attitudes toward arithmetic 

because of incompetency and a lack of understanding. 

The design of the investigation was based upon three assumptions: 

1. Meeting various classroom·situa.tions which require making deci-

sions concerning the use of text material requires an understanding of 

the concepts and processes of ma.thematics on the part of the elementary 

teacher. 
, 

2. To teach aritJ:µnetic adequately for pupil learning with meaning 
(: 

and understanding, the teacher himself m.ust understand the underlying 

ma.tbematic:al concepts and processes. 
, .... 

3-. Elementary te~cher needs involving concepts and processes of 

arithmetic are of prime importance in their training. 

The purposes of the investigation were (1) to identify the concepts 

and processe:8 of elementary arithmetic, and (2) to ascertain from the 

opinions of a selected group of elementary teachers and experts the 

66 
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importance of these concepts and proeesses. 

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 careful selection of both 

the elementary teachers and the experts was made. The teachers were se­

lected from approved independent 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 

arithmetic, 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 questionnaire: were closely related since they ca.me 

mainly from the same sou.rces. 

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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I. The concepts of order which included the natural numbers: ~, 

~, three, four, five,~, seven, eight,~, ~ 7 eleven, 

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

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

seventy, eighty, ninety, and one hundred; and the ordinal ,__,.,.. 

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

eighth, ninth, and tenth. 

II. Synthesis which included the following concepts of addition 

and multiplication: ad~, an,d,plus, how~' altogether, 

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

and twice. 

IV. Comparison which included the following ~airs of anton:yms of 

mathematical significance: abb~e~below, big-little, bottom-

top, fast-slow, few-many, fewer-more, first-last, heavier-- --- ---- .. - -
lighter, heavy-light,~-~, ~arge-?mall, larger-smaller, 

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

longest-shortest, more-less, old-,young, tall-shorty taller-
~....,.......- -

shorter, tallest-shortest, wide-narrow, high ... ~, higher­

lower, highest-lowest, before-after, ouy-sell, ~-empty, 

east-west, north-south, increase-decrease, more-less, ~--- ~-- --~ ----
nearest-farthest, part ... whole, share-keep, ~-difference, 

and upward-downward. 

v. Measure which included the following useful units of the 

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

gallon, peck, bushel, units, pairs, dozen,~, inch, 

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

cent, penny, nickel, dim$, qU?,rter, half-dollar, dollar bill, 
~ -.- -



halves, thirds, fourths, clock or o'clock, short (hour) hand, 

long (minute) ~' hour, half-hour, half-past, ~ (~es), 

hours, minutes, calendar, week, months (names).,~, leap 

year, decade, century, morning (~,• !i•), ~, afternoon (g. !i•) 

midnight, daylight savings, table, standard zones, pound (lb.), 

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,~' units, onei:i• place,, tens, ten::1 place, hundreds,, 

hundreds'pla~e, thousands, millions, billions~ part (of whole), 

denominator, equal parts, common, numerator, halves, thirds, 

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

proper, proper, invert, lowe~ ~' mixed numbers, like, 

(similar), unlike, decimal ~J> tenths, hundredths, per c_ent, 

thousandths, and mixed decimals. 

x. Concepts pertaining to verbe.,l :problems which included: verbal 

story problems, ~ step problems, ~ step problems, hidden 

facts, questions, answers, approximate answers, estimate 

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

stories, problems, and round. 

XI. other, or miscellaneous concepts which included: ~, equals, 

circle, squares,~' both, and fewer. 

The following concepts from the four categories rated "desirable" 

were rated "essential"; difference, how many left, minus,~ away, 

fractions, borrowing, divig.end, quotient, trial quotient, and bar graph. 

Those categories and mathematical concepts rated rrdesirable" were: 



70 

III. Analysis which included the following concepts of subtraction 

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

minuend, subtrahend, needs, and cancellation. 

VII. Family budget which included: income, clothing, food, health·, 

re9reation, savings, shelter or rent,~' and §Pend. 

VIII. Business which included the following general terms of retail 

selling: prices,~ price, iist price, marked price, 

~ price, selling price, retail price, save,~, spend, 

and cost. -
IX. Graphs which included: <U,vided bar, horizontal bar, vertical ·- - . 

~' circle, line, picture or pictograph, scale, scale draWing, 

scale model, and scale maps. 

The following concepts from those categories rated 11essential '' were 

rated ''desirable'': column, ~' total, partial product, older-younger, 

~_i-yoimgest, half pint, barrel, cubic inches, cubic~, 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 many 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 EZ 

~, counting by groups, numerating, learning about numbers 

(meaning), read!~ numbers, using_ numbers, writing numbers, 

Arabic numbers, positions, associating number names, words, 

s;ym.bols, and identifying groups. 
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XIII. 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~, multiplying, and dividing. 

XIV. Comparing which included: comparing; measuring, fractions 

(relative size) values in P'LU"Chases., comparing by difference, - - . - . 

measuring in the English system, measuring areas, capacity, --
length, money (identifying a.nd vaJ.ue), money (reading., 

writing a.nd meaning), time, ~!!:,hours and~ hours, 

time !!:, days, ~ !!:, months, a.nd time !!:, years. 

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

reading graphs and.maps, and using graphs. 

XVI. Solving problems which ;neluded: reading problems, understand .. 

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

stories, solving problems, a.nd approximately in round numbers • 
. . ' . -. . 

All the categories of mathematical processes were rated "essential.!' 

Some of the subheadings rated "desirable" were: numerating,;::, Roman 

numbers, recognizing quantities, count~, comparing quantities, 

comparing~ ratio, measuring in metric system, measuring in centuries, 

~eas~ing volume, drawing!£ scale, mapping, cheeking (problems). 

A rating of' "essential" meant that an average of 60 per ceint of both 

the elementary teachers and experts checked these items in the ''essential" 

check space on the questionnaire. A rating of "desira.ble" meant either 

a.n average check of 6o per cent or more in the 11desirable" check space 

or a combination of two check spaces to make 60 per cent or higher. 

Although the "essential" cheek 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 matheinatical concepts and :a to·tal of 70 matb.ema.tica.l 

processes were checked for importance by 245 elem.enta:t"y teachers and by 

21 experts • Two hundred thirty-t;wo concepts or 69. 46 per cent were 

rated "essential. 11 Sixty-six mat;hem.atical concepts or 19. 76 per cent 

were rated "desirable." Thirty-six mathexna;tical concepts or 10. 78 

per cent were rated "unimportant. 11 F:tfty-six or 80 per cent of the 

mathematical processes were ra:ted ''tessential. 11 Thirteen or 18.57 per 

cent of the mathematical processes were rated '\iersirable." Nop,e were 

rated "unimportant." One process ·was no-t rat;ed. 

A total of 404 mathematical. concepts and processes were checked by 

the elementary teachers and experts. Approximately 71 per cent of these 

concepts and processes were rated nessenti.al. 11 .Approximately 20 per 

cent of the concepts and processes were rated 18desirable, 11 and 9 per 

cent were rated "unimwrtant. " 

Thus the consensus concerning the concepts and. processes of mathe­

ma,tics of both the experts and the ele:men:ta.ry teachers as set forth in 

the hypothesis has been determined. 

An arbitrary rating of 60 per cent, which was more the.Ji one-half' of 

the Jcrtes, was chosen in mak:i.ng the final decision for the importance of 

each item. Although a more rigorous statisti~s.1. t:reatment was possible, 

this treatment on the basis of 60 per cent or higher seemed a.q.equate. :tor 

this investigation. 

This type of study has certain inherent weaknesses such as~ (1) 

inability to communicate equally well to all respondents, (2) sub­

jectivity in response,. (3) f'ai.lure to respond., and (4) inability of 

the investigator to check further on the responses. 



CHAPTER VII 

l 

CONCLUSIONS AND RECOMMENDATIONS 

Two general conclusions seem evident from this investigation. 

1. A clear consensus exists among veteran 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 a.mong the experts (a) concerning what 

concepts of elementary arithmetic are 11 essential" for the elementary 

teacher, (b) concerning what processes of elementary arithmetic are 

"essentia.111 for the elementary teacher. 

Recorrnnendations 

The concepts and processes which have been identified in this study 

do not in~lude the totality of those which the teacher will likely need 

in the coming yearso 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 ov:er-

all processing which extends throughout mathematics. 

As a result of the findings in this study, th~ investigator makes 

the following recommendations: 
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L All concepts Md processes of elementary arithmetic which 

were rated 11essential 11 should be strongly emphasized in the 

training of elementary teachers. 
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2. All concepts and processes of elementary arithmetic which were 

rated 11desirable 11 should be included. in the training of the 

elementary teacher. 

3. All coo.cepts and processes of elementary arithmetic which were 

rated 11essentiaJ. 11 al.ong with their meanings and uses should be 

included in the textbooks for the training of elementary teachers. 

4. These reco:mmend,ations should be organized under the framework 

of the categories listed in Chapters IY 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. 

5. College teachers should not only add new and modern mathematical 

concepts and processeEll, but should experiment to show whether 

these concepts and processes can be taught a.rid:, if so, whether 

they are an aid in understanding arithmetic and ma.thema.ticso 

6. College teachers should explain and demonstrate to elementary 

teachers the structures as they permeate all mathematics, 

and should experiment to show whether these structures a.re an 

aid in understanding and development of mathematical 

thinking. 
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APPENDIX A 



Directions for .Scoring 

The following concepts and processes of elementary arithmetic were 
selected ona 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 a.re the elements of knowledge. Concepts as used here 
are simply mathematical terms which a.re 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 co.nsider 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. 

CONCEPrS 

PART I: FIRST, SECOND AND THIBD GRADES 

11. Essential 
Desirable l J._, Essential 

2. Desirable 12, 
3. Unimportant I 3. Unimportant 

1 2 3 
ADDITION 19 

1 ro add 
2 21 and 

column 3 22 
4 ~ plus {,l,) 
5 24 now many 

sum . 6 ~ 
7 ~ . total 
8 ~ altogether 
9 28 together 

SUBTRACTION. 29 
· count charui:e 10 30 

ll 31 cross tout; 
difference 12 32 
now many left 13 33 

14 34 J.ert (over} 
15 35 minus { .. y 
16 36 remainder 
17 37 taite away 

Ml!iASURE 
Time: 

38 
39 

18 40 clock \o'clock) 

1 2 3 
short hand (hr) 
long hand Tmin) 
hour 
half-hour 
half .. past 
days (names) 
hours 
minutes 
seconds 
calendar 
week 
months {names) 
months (length 
yea.r 

Weight: .. 
ounce 
pound (lb) 

Length: 
inch 
foot ( feet J 
:foot ruler 
yard 



41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

89 
90 
91 

1 2 3 
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 

OOMPARISONS · 
above .. below 
big-little 
bottom ... top 
fast-slow 
few-many 
f'ewer-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 
l one 
2 two 
3 three 

92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 

117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
14~ 

8~:.-

1 2 3 
4 four 
5 five 
b six 
7 seven 
e eight 
9 nine 

10 ten 
11 eleven 
12 twelve 
13 thirteen 
14 fourteen 
15 fifteen 
lb sixteen 
17 seventeen 
le eighteen 
19 nineteen 
20 twenty 
30 thirty 
40 forty 
50 fifty 

1'bO sixty 
70 seventy 
bO eighty 
90 ninety 

100 one hundred 
ORDINAL NUMBERS 

first 
second 
third 
fourth 
fifth 
sixth 
seventh 
eighth 
ninth 
tenth 

OTHER TERMS 
air--mail 
alike (as many as) 
same 
answer 
both 
cents point 
change 
check (.work) 
circle 
cost 
count 
dozen 
each 

· equals ( . ) 
fewer 
group(.s) 



143 ·· oneness · 
144 · · twone-ss -· 
145 i'i veness 
146 -·-·whole 
147 · half' · · 
148 , middle 
149 · next· ·· 
150 ·· -multiplication (X) · 
151 · multiply -· 
152 ·· need($) 
153 ·· next -· 
154 ·· ones pl.ace 
155 · -tens place 

1 2 3 
156 hundreds place 
157 number stories· 
158 -· protrlems· -· 
159 rpund 
160 save 
161 aell 
1.62 _. ·spend 
163 squares·tfigure) 
164 ·stamps -,, po'sta:ge J 
165 think 
166 triangle 
167 zero 

PROCESSES 

FIBST, SECOND AND THIRD GR.ADES 

1. Essential 
2. Desirable. 
3 . Unimportant 

0:-
U) 

1 2 3 

1 2 3 

168 Adding' 
1.69 carrying · 
170 putting ·toget~ 

171 Che-9ki-ng 

172 Comparing 
l 73 measur:i-ng 

177 Divi~ing 
178 separating into equal sroups 
179 cutting into- equal parts 

180 Grouping 

18l. Measuring 
1.82 length 
183 money (identifying and value) , 



184 
l85 
186 
187 
188 

i89 

l90 
191 
192 
193 
194 

195 
196 
l97 

198 
l99 
200 
201 
202 
203 

204 
205 
206 

reading, writing and meaning 
time, in -hours and half-hours 
time, in days 
time, in months 
volume (liquid) 

Multiplying 

Numerating 
learning about numbers (meaning) 
reading numbers 
using numbers 
writing numbers 

Recognizing quantities .. 

associating number names, wocrds, 
identifying groups 

Subtracting 
changing larger units to smaller 
counting away 
counting change 
how many lef't 
take away 

Thinking (planning-deciding} 
.ao:lving number s-tories 
solving problems 

86 

l 2 3 

symbols 



CONCEPTS 

PART II: FOURTH, FIFTH AND SIXTH GR.ADES 

L Es~ntial · 
2. Desirable. 
3 -~ Unimportant 

BUDGET lFamily) 
l income (salary,wages 
2 advancement 
3 clothing 
4 food 
5 health 
6 insurance 
7 recreation 
8 savings 
9 shelter rent) 

10 miscellaneous 
BUSINESS 

ll price-s 
12 co.st 
13 list 
14 marked 
15 net 
16 sale 
17 selling 
18 retail 
19 wholes.ale 

COMPARISON 
·20 before-after 
· 21 . buy-sell 
22 full-empty 
23 east-west 
24 north-south 
25 increase-decrease 
26 more-less 
:27 nearest-farthe.st 
28 part--:whole 
29 share-keep 
30 . sum-difference 
31 upward-downward 

GRAPHS 
32 bar 
33 divided 
34 horizontal 
35 vertical 
36 circle 
37 line 
38 picture l:PictqgraphJ 

1 2 3 

1. Essential .· 
2. Desirable 
3. Unimportant 

39 scale 
4o drawing 
41 model 
42 maps 

SUBTRACTION 
43 exceeds 
44 minuend 
45 suptrahend 

MULTIPLICATION 
46 carrying 
47 :multiplier 
48 product . 
49 pa:rtial product 
50 tables 
51 twice 

DIVISION 
52 fractions 
53 hegrrowing 
54 caret ( ) 
55 cancellation 
56 dividend 
57 divisGr 

· 58 quotient 
59 trial quotient 

mn:BLEMS 
60 verbal (story) 
61 one s.tep 
62 two step· 
63 hidden facts 
64 questions 
65 answers 
66 approximate 
6f estimate 
68 round l o-f'f') 
69 checking 

NUMBERS 
10 Arabic 
71 even 
72 odd 
73 p<;:YSiM.Qn 
74 digits 
75 units 

l 2 3 



76 
77 
78 
79 
80 
81 

82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
9-9 

100 
101 
102 
103 

104 
105 
.106 
107 
108 
l.09 

110 
111 

112 
113 
U4 
115 
116 
ll7 
118 
119 

120 
121 
122 
123 

tens 
hundreds 
thousands 
millions 
billions 
whole 

FRACTIONS 
part (Of who.le) 
denominator 

equal parts 
common 

numerator 
halves 
thirds 
f'.ourths 
fif'ths 
sixths 
sevenths 
.eighths 
equivalent 
improper 
proper 
invert 
lowest terms 
mixed numbers 
ratio 
recipe· : ( mixture ) 
like (similar) 
unlike 

DECIMALS 
decimal point 
tenths 
hundredths 

:per cent 
thousandths 
mixed 

MEASUREMENT 
English System 
Metric System 

COUNTING 
units 
pairs 
dozen 
score 
grq:ss 
quire 
ream 
zero 

LENGTH 
linear 
rod 
mile 
millimeter 

1 2 3 
124 
125 
126 
127 
128 
129 
130 
131 
132 

133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 

144 
145 

146 
11+7 

148 
149 
150 
151 
152 
l53 
154 
155 
156 
157 
158 
159 
160 

161 

162 
163 

164 
. 165 
166 
167 
168 
169 

88 

112 3 
centimeter 
meter 
kilometer , .... ... 
hand 
span 
pace 
fathom 
nautical mile 
knot 

TIME 
morning (A.M,) 
noon 
afternoon (P .M. ) 
midnight 
daylight savings 
year 
leap year 
.decade 
century 
table 
zones, standard -

AREA 
surface 
.square units 

(in. f't. yd~) 
acre 
section (sq. mi.) 

CAPACITY (volume) 
teaspoon 
tabl;espoon 
cup 
gill 
pint 
quart 
gallon 
peck 
bushel 
barrel 
milliliter 
liter 
kiloliter 

VOLUME 
cubic units 

(in •. ft. etc.) 
board feet 

- cubic centimeters 
WEIGHT 

hundredweight 
ton 

! long ton 
grain 
milligram 
gram 



l 70 · ·· kilogram ··· ·· · ··• 
171 ··carat·· 

OTHER TERMS 
172 ·· abacus . · · 
173 average 
174 census 
175 dimensions 

J. 2 3 
176 
177 
178 
179 
180 
181 

PROCESSES 

altitude 
depth 
distances 
height 
thickness 
width 

FOURTH, FIFTH AND SIXTH GR.ADES 

182 
1$3 
184 

185 
186 

187 
188 
189 
190 

191 
192 

193 
194 
195 
196 

197 
198 
199 
200 
201 

Diyiding 
borrowing (carrying 
getting an average 

Multiplying 
carrying 

Nmnerat ing 
Arabic numbers 
R.oman numbers 
positions 

Subtracting 
borrowing (carrying 

solving Problems 
reading 
understanding 
deciding (thinking) 

Measuring 
·English System 
Metric System 
are.as 
capacity (volume) 

L 
2. 
3. 

.back) 
(addition) 

back) 

89 
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Essential 
Desirable 
Unimportant 

l 2 3 



202 
203 
204 
205 
206 

207 
208 
209 
210 
211 
:212 

213 
21.4 
215 
216 
217 

218 
219 

time 
years· 
decades 
c:enturi-e s 

-- weight 

Graphing 
:drawi-ng to scale 
int;erpretating (understanding) 
reading graphs, maps 
using --
maJ>ping 

comparing quantities 
-· :fractions -ere la ti ve size) 
values in purchases 
by di.ff:erence 
by ratio 

Checking 
approximating in round numbers 

90 

1 2 3 



PERSONAL DATA SHEET 

Please fill in the following blanks : 

Name Address 

School in which you work ~-~------------------------~ 
Grade of teaching, if self contained ----------------------

If departmentalized, what department ~-'-------------~ 
Studied mathematics as follows: (Give number of years) 

High School 
General Math 
Algebra 
Geometry 
Other (Specify) 

____ years 
____ years 
____ years 

----- years 

______ years 
____ years 

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

Number of years o.f teaching ----
---
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NORTHEASTERN STATE COLLEGE 

Tahlequah, Oklahoma 

Department of Mathematics (date) 

(Inside address) 

I am sure that you, as a college teacher and leading educator, 
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 ta~e a few minutes to 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, wouJ.d you please list the nl;:l.ID.es and addresses of five or 
morei elementary arithmetic teachers or supervisors in your area. 

Dr. James H. Zant of Oklahoma State University is 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, 

Ra;ymond Carpenter 
Associate Professor 

of Mathematics 



NORTHEASTERN STATE COLL.EGE 

Tahlequah,, Oklahoma 

Department of Mathematics (date) 

(inside address) 

As a 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 concepts and processes of elementary 
arithmetic, and need the opinions of a number of elementary teachers 
on the importance of these concepts in the teaching of elementary 
students. 

I want to soli.ci t your help, ap.d wish to ask you to list five or 
more of your better elementary arithmetic teachers within grades one 
to six, to~ether with their addresses and the grade which each one 
teaches. 

Please select the teachers with the followi.ng 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 other teachers? 

3. Have tbese teach~rs been successful as teachers over a period 
of years? 

I will in no way involve your name with these teachers. I want 
an honest, voluntary response t~ the qµestionnaire. I have already 
had responses fran a number of college professors and would like very 
much to compare these with successful teachers in the field. 

Dr. Ja..mes H. Za.nt of Oklahoma State University, Stillwater, 
Oklahoma. 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 
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From: (Give your n:s.me and address) 

NAME ADDRESS GRADE 



NORTHEASTERN STATE COLLEGE 

Tahlequah, Oklahoma 

Department of Mathematics (date) 

(inside address) 

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

In the pages which followy there is a questionnaire (or that 
part of the questionnaire which embraces the grade o~ grades you 
are teaching) based on concepts and processes which children ex­
perience in grades one to six, The purpose of this study is to 
identify the concepts and processes of mathematics needed by an 
elementary teacher to teach ari th.me·tic 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 qµestionnaire, 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 
thif; survey, and joins with me in thank;i.ng you for your ti:nie. If 
you so indicate, a summary of the results will be mailed to you 
when it is completed. 

Yours very truly, 

Raymond Carpenter 
Associate Professor 

of Mathematics 



NORTHEASTERN STATE COLLEGE 

TAHLEQUAH, OKLAHOMA 

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 :j.s very important that I have your answer as soon as possible. 

Would you please check the enclosed postcard, or the 
questionnaire, and BLil it to me as soon as, you c~ conveniently 
~~i . . 

Thank you very much. 

Sincerely, 

Raymond Carpenter 
Associate Professor 

of Mathematics 
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ARITHM:En'IC BOOKS ANALYZED FOR 
LIST OF CONCEPrS 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). Chicago: Benj. 
H. Sanborn and Company, 1946. 

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

Studebaker, J. w., w. c. Findley, G. M. Rueb, and F. B. 
Knight. Study Arithmetics (Grades one to Six). 
Chicago: Scott Foresman md Company, 1947. 

Wheat, H.G:, Geraldine Kauffman, and Harl R. Douglass. 
Row-Peterson Arithmetic (Books One to Six). Evanston: 
Row, Peterson and Company, 1954. 

Two Other Books Used 

Bartoo, G. c., Bess Stinson, and Jesse Osborn. Adventures 
with Numbers (Gr&d.e 1). St. Louis: Webster Publish­
ing Company, 1952. 

Stern, Catherine. 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 S. Brueckner 
7267 Hollywood Blvd. , Apt. 3 
Hollywood, California 

Dr. B. R. Buckingham 
Editorial Depart.ment 
Ginn and Company 
Boston., Massachusetts 

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

Dr. G. T, Buswell 
Professor of Educational Psychology 
University of California 
Berkeley, California 

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

Dr. Chester K. Davis 
Di.rector of Traj.ni.:o.g School 
Arizona Sta:t.e College 
Flagstaff, Ari.zona 

Dr. Harold Fawcett, 
ChairmaJJ., Dept. of Education 
Ohio State University 
Columbus, Ohio 

Dr. Bob Fouch 
Florida State University 
Tallahasse, Florida 

Dr, William Gage 
Universi.ty of Florida 
Gainesville, Florida 

Dr. ~1,n.uadi.ne Gibbs 
Iowa State Teachers College 
Cedar Falls, Iowa 
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Dr. Foster Grossnickle 
State Teachers College 
Jersey City, N, J. 

Miss Fre.nkie E. Harris 
Northeastern State College 
Tahlequah, Okla.ho.ma 

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 
Tallehasse, Florida 

Dr. Ann Peters 
Keene Teachers College 
Keene, New Hampshire 

Miss Mildred E. Randel.a 
Northeastern State College 
TahlequaJ.1, Oklahana 

Dr. c. c. Richtmeyer 
Centra.l Michigan College 
Mt. Pleasant, Michigan 

Dr. Herbert F. Spitzer 
Principa.l, University Elementary School 
Iowa City., Iowa 

Dr. c. Newton Stokes 
Professor of Mat.hem.a.tics 
Temple University 
Philadelphia 22, Pennsylvania 

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

Dr. Esther J. Swenson 
Professor of Elementary Education 
University of Alabama 
University, Alabarna 

Dr. C. L, Thiele 
Divisional Director, Exact Sciences 
Detroit Public Schools 
Detroit, Michigan 

Dr. Vaud Travis 
Northeastern State College 
Tahlequah, Oklahoma 

Dr. Henry VanEngen 
University of Wisconsin 
Madison, Wisconsin 

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

Dr. Mary Witt 
University School 
Florida State University 
Tallahasse, Florida 

Dr. Clifford Woody (deceased) 
School of Edueation 
Universi.ty 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 
ELEMEJNTARY TEACRERS TO CHECK TEE 

QUESTIONNAIRE 

ALABAMA 

Miss Flora Mary Pearson 
Westlawn School 
Mob:ile, Alabama 

Mrs. Dorthia Taube 
City and County Supervisor 

of Elementary Education 
Mobile, Alabama 

Miss Sara Davis 
Verner School 
Tuscaloosa.~ Alabama 

Miss Katie Williams 
Tuscaloosa County Schools 
Tuscaloosa, Alabama 

Miss Margaret Strickland 
West End School 
Tuscaloosa., Alabaraa 

CALIFORNIA 

Miss Sagie M. Ostendorf 
Williams Elementary School 
Bakersfield, California 

KANSAS 

Miss Ida 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 Ele..rnentary School 
Columbus, Kansas 

Miss Vera Clark 
Kansas Ave. Elementary School 
Emporia., Kansas 

Miss Margaret Stins:man 
Central Elementary School 
Hutchinson, Kansas 

w. A, Culp 
Washington Elementary School 
Independence, Kansas 

Mapes Davis 
L, M. Alcott Elementary School 
Kansas City, Kansas 

W. L. DJ.by 
Washington Elementary School 
Newton) Kansas 

Ralph Loyd 
Hawt.horne Elementary School 
Ottawa, Kansas 

George L. Dove 
Washington Elementary School 
ParsonsJ Kansas 

Joe Heitz 
Eugene Field Elementary School 
PittsburgJ 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, Kansas 

Ralph E. Jones 
Franklin Elementary School 
Wichita, Kanse,s 
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Miss Jessie Thompson 
Willa.rd Elementary School 
Wichita., Kansas 

MISSOURI 

Marvin Thomas 
Central School 
Boonville, Missouri 

Mrs. Lyda Gibbs 
Jefferson Elementary School 
Ca.pe Girard.eau, Missouri 

Joe M. Barnes 
Ridgeway School 
Columbia, Missouri 

Paul G. Fleeman 
Grant Elementary School 
Columbia, Missouri 

Mrs. Mildred Kearnes 
Benton and Oldham Elementary 

Schools 
Independence, Missouti 

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

Eugene P. Wheeler 
Humboldt Elementary School 
Kansas City, Missouri 

William L. Wynn 
J. Mil ton Turner Elementary 

School 
Kirkwood 22, Missouri 

Inez M. Harrison 
Central Elementary School 
Neosho, Missouri 

c. E. Coursey 
Wheatley Elementary School 
Popular Bluff, Missouri 

Miss Virginia Renshaw 
Boyd Elementary School 
Springfield, Missouri 

Mrs • E:rm:na. Gann 
Holland Elementary School. 
Springfield, Missouri 

Charles R, Swan 
Robberson Elementary School 
Springfield, Missouri 

Herbert F, Church 
Ada.ms Elementary School 
St. Louis, Missouri 

Lloyd L. Glenn 
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South Park Elementary School 
St. Joseph, Missouri 

Elizabeth J. Watson 
Eugene Field School 
Webb City, Missouri 

Harold T, Downs 
Lockwood Elementary School 
Webster Groves, Missouri 

OKLAHOMA 

Miss Bonnie M. Allen 
Irving Elementary School 
Ada, Oklahoma 

S. G, Hove 
Wilson Elementary School 
Altus, Oklahoma 

Paul Bailey 
Sunset Elementary School 
Anadarko, Oklahoma 

Mrs. Irene McGoodwin 
Elementary Coordinator 
Ardmore Public Schools 
Ardmore, Oklahoma 

J. H, McBride 
Garfield Elementary School 
Bartlesville, Oklahoma 

Paul Starks 
Highland Park Elementary 

School 
Bartlesville, Oklahoma 



Ernest B. Godl,ey 
Hust;on Elementary School 
Blacl':ttiTell, Oklab.oma 

Mis.SJ Linnie wood 
Edison Elementary School 
Bristow,:, Oklahoma 

M. Cecil.Rhoades 
Southside Elementary School 
Broken Arrow, Oklahoma 

Bill J. Arrthi 1;1 

Claremont Elementary School 
Claremore, Oklahoma 

Clarence Stringer 
Elementary School 
Coweta, Oklahoma. 

Clyd,e Bowen 
Wilson Elementary School 
Cushing, Ok.l.e.hom.a 

David L. Williams 
Washington Irving Elementary 

School 
Durant, Ok1,aholJ'.l.a 

Miss Leona Kennedy 
Coordinator Elementary School 
Edmond, Okl&homa 

Miss Hazel Kirbie 
Longfellow· El•!:mlentary School 
Elk City., Oklahoma 

Homer Stout 
Lincoln Elementary School 
El Reno, Okla.homa 

Miss Esther Hinshawe 
Adams Elementary School 
Enid, Okl.ahoma 

Miss Ethel MacGoddard 
Coolidge Elementary School 
Enid, Oklahoma 

Mrs. Irene Sloan 
Harrison Elementary School 
Enid, Oklahoma 

Miss Frances Leeper 
Central Elementary School 
Guthrie, Oklahoma 

Harrison Steele 
Central Elementary School 
Idabel, Oklahoma. 

Mis,s Thelma Tall.a 
Elementary Coordinator 
Lawton Public Schools 
Lawton, Oklahoma 

Delbert Wolf 
Wilson Elementary School 
Miami, Okla.horn.a 

Herbert Flowers 
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