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CHAPTER I 

THE PROBLEM AND DEFIN ITI ONS OF TERMS USED 

The educational prog ram of the school attempts to develop an in ­

ou iring mind in the student and to aid hi m in ga ining the understand­

ings, ski I Is, atti t ude s, va lues, and appreciations related to becoming 

an educated pe rson who thinks and acts effectively and is a contribut­

ing member of society. The goals of instruction in elementary school 

mathemat ics must be balanced with the total educational program of the 

element ary school. 

I . THE PROBLEM 

2t atemen~ of th~ problem. The purpose of this study is to design 

some procedures and techniques for introducing modern mathematical con­

cepts to fourth graders who have been taught traditional mathematics. 

More spec ifically, answers were sought to the fol lowing questions: (I) 

What are the objectives of a fourth grade curriculum in modern mathema­

tics?: (2) What mathematical concepts should the student entering fourth 

grade possess? ; (3) How wide is the gap between the present program and 

the desired program?; and (4) How can the teacher implement the mathe­

matics prog ram to obtain the objectives of a modern mathematics curricu­

lum? 

Importance of ! he study . This fal I, 1969, the teachers in Logan 

County, Kentucky w i 11 introduce what has been termed "modern mathematics" 

in their class rooms. A newly adopted textbook wi I I be used at al I grade 



leve ls . The school system has produced no guide I ines or provided for 

any in-service trai ning in proced ures for introdu c ing the new program . 

The impo r ta nce of the study derives f rom t he instructiona l act ivi­

t ies of t he write r who is a teache r introduci ng mode rn ma themati cs to 

chi ldren who have been taught trad it iona l mathemat ics . There is a need 

fo r a p lanned cur r iculum t o introd uce the basic concepts . It is hoped 

that this study wi I I produce a t entative plan that the write r and other 

teache rs in t he schoo l may use . 

.!:_imitations ~ !_he study. Information gathered for this paper was 

rest ricted to extensive reading of I ibrary materials in the field of 

2 

new mathemat ics , t o ava i I able research wri t ings in the area , and to care­

f ul examination of several modern mathematics textbook series . 

Ass umpt ions: 

I . The re is a need to improve mathematics instruction in the ele-

me nta ry grades of Logan County. 

2. Trad itional mathematics teaching has failed to fol low the mean-

ing theo ry. 

3. A deeper understanding of mathematical processes can be devel -

oped by lea rning the 11 why 11 of mathematics plus the 11 how.
11 



I I . DEF INITI ONS OF TERMS USED 

~goriJm (or ~gorithm l. An al gorism is both the pattern of num­

era ls a rranged fo r computat ion and the method by which t he comb inations 

are pe r fo rmed . 

~rray_. An a rray is a spec ifi c a rrangement of el ements . 

Assoc iat ive Princi ple _for Ad diti on and Multipli cation. Thi s 

pr i nc iple states that in adding or multi plying three or mo re objects , 

the addends or factors may be grou ped in different wa ys without chang• 

ing t he result. (6 + 7) + 5 = 6 + (7 + 5) 

Ca rdina l Number . A cardinal number tel Is how many objects a set 

has . 

Comm uta tive Princi p le tor Addit ion and Multi plication. When add­

ing or mult ip ly ing two numbers, the result remains the same when the 

numbe rs a re interchanged . 2 x 3 = 3 x 2 

Dist r ib utive Pri nc ip le of Multiplication with Respect to Addition . 

Th is pr incip le asserts that the product of the multi plie r and the sum 

3 

of two or more addends is equa l to the sum of the products of the multi­

plie r . 6 x 7 = 42 or 6 x (4 + 3) = (6 x 4) + (6 x 3) = 24 + 18 = 42 

Numbe r. Num be rs denote the concep t of quantity which starts with 

the ca rd ina lity of a set of obj ects. Numbe rs ca nnot be seen or written . 

Numerals . Nume ra ls are symbo ls used t o rep resent or name a number . 

Numerals can be see n and wri tten . 

Ord inal Number . An ord ina l numbe r is a numbe r whi ch ind icates the 

pos iti on or order of a membe r of a set in re lation to ot her members . 

Set . A set is a col lection or group of pa rt icu la r t hings. 



tl.'..ode rn Mathemat i_c_s_. Mathemat ics of today is not ac; 11 new 11 as the 

name imp I i es . \'/ hat is 11 new 11 is the emp has is be ing given to t opics not 

previously treated and espec ially the methods of teaching mathemat ics . 

I I I . METHODS OF INVEST IGATI ON 

4 

Li brary resea rch t echni que s re present the principal method of pro­

cedu re used . An examinat ion was made of numerous articles and books 

re lating to the field of mathematics . Addi tional information was secured 

by exami ning ma thematics textbooks both past and present. The writer 

a lso tal ked wi th several people in the field of mathematics about modern 

ma thematics programs now in operation in other school systems . 

IV. ORGANIZATION OF REMAI NDER OF STUDY 

After decisions were made as to wha t wbuld be the extent of the 

study, the ta ble of contents was developed as fol lows: 

CHAPTE R I I. RE VIEW OF THE LITERATURE 

CHAPTER I I I . PROPOSED FOURTH GRADE MATHEMATICS CURRICULUM 

CHAPTER IV. SUMMARY 

BIBLI OGRAPHY 

APPEND IX 



CHAPTER I I 

REV IEW OF TH E LITERATURE 

Numbers have been impo rtant in ages past, but our civi I izat ion is 

confronted with probl ems that involve an increasing knowledge of mathe­

matics . Our very survival may be dependent on the solutions to these 

prob lems . Mathemat ics has been taught in American schools from the 

very beg inning, but the reasons for teaching it and the goals to be con­

s ide red have undergone many changes . 

At the very beginning of the Co lonial Period arithmetic was taught 

for uti I itaria n purposes . Its major use was as a tool in commerce, navi-

1 
gation, or particular trades . 

In the period 1787-1 870 some consideration was sti I I given to prac­

tical application, but the major objective during this period was mental 

discipli ne. During this same period there was an important change made 

in the method of achieving ob j ectives . In 1821 Colburn pub I ished ARITH­

METIC UPON THE INDUCTIVE METHOD OF INSTRUCTION, a book presenting Pesta­

lozzi's ideas. Instead of memorizing rules as he had been doing, the 
2 

student was now to set up his own rule as a result of his experiences. 

From 1860-1892 no essential changes were made in aim or content . 

It was late in the nineteenth century before real progress began to take 

1Eleanor Cha stain, ''Obj ectives of Experimental Courses in Elemen­
tary Mathematics, '' School, Science, and Math, Vol. 65, (January, 1965), 
pp . 49-55 . 

21bid. 



place . In 1938 the Ed ucat iona l Po licies Commission emphasized deve lop­

ing mathematics as enjoymen t tor the lea rner . 3 

Many peop le ha ve t he idea t hat the new ma themati cs phase bega n 

with t he lau nch ing of Sp utni k I in 1957. According to Eugene Nichol s, 

the fi rst imp ress ive si gns of serious dissati sfacti on with the tradi­

t iona l ma t hema tics curriculum preceded the launching of Sputni k by 

abo ut s ix yea rs. At the University of I I I inoi s a group under the di­

recti on of Max Be berman concluded that the trad itional sub j ect matter 

of mathematics and the mode of its teaching at the secondary level 

needed a complete re-examination . The group began work on a new cur-

. I 4 r1 cu um. 

Since that time numerous groups have contributed to the revision 

of the school mathematics curriculum. Educators and mathematicians 

became aware of the tact that revisions must also be made in the ele­

mentary school. Many curricula projects were begun . A brief descrip­

t ion of the most important of these is as fol lows: 

6 

University of I I I inois Committee on School Mathematics. Since its 

foun ding in 1951, UICSM has directed its efforts toward secondary school 

ma thematics curriculum revision and the development of new teaching 

t echni ques. The project is under the direction of Max Beberman and has 

prod uced in loose-leaf notebooks a sequential curriculum tor grades 9-12. 

The teaching innovations introduced by UICSM come under the heading 

4E ugene o. Ni cho Is , 11 The Many Forms of Re~o I ut ion, 11 Nati on~ I Asso­
ciat ion of Seconda ry School Principal 's Bui let1n, Vol. 52, (Apr1 I, 
I 968 ) , p • I 7. 
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"discove ry method . " Since 1962 UICSM has moved into curri culum deve lop­
s 

me nt for j uni or hi gh students . 

~adison Proj ec~. The Madison Project was foun ded in 1957 at Syra-

cuse Uni ver s it y to promot e mo re effect ive teach ing of mathema t ics and 

t o deve lop a supp lement a l program in ma t h fo r grades K- 12. An aux i I iary 

center was st arted at Webst er College , St. Lou is, Missouri , and t he pro­

j ect now has its ma in headq uarters there. The di recto r of thi s proj ect 

is Robe rt B. Davis .
6 

Schoo l Mathematics ?tudy ~rou p. Founded in 1958 on guidelines 

est ab li shed at a meeting sponsored by the National Science Foundation 

at t he Massachusetts Institute of Technology in February, 1958 , SMSG 

has had as its maj or thrust the preparation of sample textbooks to lead 

t he way into the modern mathematics curriculum. Over s ixty such texts 

ha ve been written by SMSG teams or individuals. Current projects are 

a ime d for K-12. The director of SMSG is E. G. Beg le. The group is now 

7 
loca t ed at Stanford University .. 

Greate r Cleveland Mathematics Program . The aim of GCMP has been 

to deve lop a comprehensive, sequential mathematics program for al I those 

child ren in K-1 2, a prog ram which is both mathemati cally sound and ped­

agog ica ll y correct. GCMP was begun in 1959 when the Advisory Committee 

of the Educat ional Research Counci I, a non profit organization whose 

purpose is t o imp rove e lementary an d secondary education , as ked the 

5~ ., p. 18. 

6J__~ . , pp. 19- 20. 

7_!__b_~ . , p. 23 . 



Co unc i I to direct its efforts toward imp rov ing the mathematics curricu-
8 

lum. 

8 

There are severa l other projects under way for mathematics curr icu­

lum revision has become an ongoing process. Experimental grou ps are 

oouring out new ideas and materials with t eachers and students testing 

them for teachabil ity and providing the feedback for subsequent revi ­

s ions . Running through al I these projects are the fol lowing common 

th reads . 

I. Many obsolete t op ics deleted 
2. New t opi cs introduced 
3. Teach more mathematics in less time 
4. Utmost development of scientific potential of superior student 
5. Increas ing precision of mathematics language 
6. Student participates more wh i le learning mathematics 
7. Student expected to develop ingenuity by discovering mathemati­

ca l relations rathe r t ha n be tol d 
8. Mo re emphas is on study and recogn ition of structural charac­

t eristi cs ot ma thematics 
9. Di rect involvement ot mathematicians, mathematics educators, 

psycholog ists, researchers, teachers, supervisors, and admi n­
istrators in planning curriculum reforms 

10. Financial backing of government agencies, private foundations , 
loca l schoo l systems, and local organizations is usual form 
of support for curricula reform efforts . 9 

Psycholog ists have recently pointed to studies that showed that the 

mo re the lea rner understood what he was doing, the faster he learned the 

mate rial and the longer he was I ikely to retain it . This knowledge led 

to the developmental or discovery approach as the major method used for 

teach ing mathematics today. Francis J . Mueller has this to say about 

the developmental approach . 

8
1 bid . , p . 26 . 

9 . 35 . I b Id. , p . 



The deve lopmenta l approach leads t he pup i I thro ugh a ser ies of 
~raded prob lems and exp lanat ions t hat bui Id up t o some objecti ve, 
say the subt ~act ion of two la rge numbe rs, or the multi p li cat ion 
o f _two f ract ions , or perha ps an underst andi ng of a rea . Af te r 
:his so r t of deve lopment, the practi ce prob lems are introd uced 
1n sma ll e r doses t ha n prev ious text s . New educat ional theory 
holds that a few prob lems done ca re f u l ly an d thoughtfull y ha ve 
much greater in struct iona l va lue t ha n dozens of prob lems worked 
mechan ica ll y and wit h mini mum thought . 

Today' s pup i Is a re encouraged to find a l t e rnat ive ways to com­
pute and so lve the ir problems . Teachi ng mathematics so that 6t 
makes sense t o t he learner has increased its attractivenes s . 1 

9 

Discove ry is t he key wo rd in a modern mathemati cs prog ram . The di s-

cove ry p lan i s 

. . . t o have the student probe, specul ate , and d iscover for himself 
genera lizat ions that I ie behin d ce r tai n ma t hemat ica l app l icfr ions . 
Children a re encouraged to search, to guess, and t o ponde r . 

The Ma dison Pro j ect material s a re founded on the belief t ha t good 

ma thematics mu s t be expe rienced, and the spirit is more important t han 

t he outwa r d form . Hea vy re liance is p laced on grou p discussion by t he 
12 

ch ildren wit h the teache r serv i ng as moderator or di scussion leader . 

The re a re several t each ing procedures that mi ght make use of the 

discove r y app roach . Bert Kersh g ives t wo of the most commonly used 

cl assroom procedures . 

One d iscovery approach results when the teacher guides the 
lea rne r by revea ling the mathemati cal princi p le through "hints" 
whi c h a re prov ided one at a ti me. Sk! I lful ly employed, th~ pro­
cedu re effectivel y leads t he learner into path ways of mea ning 
and unde r sta nd ing where he otherwise mi ght not venture or which 
he mi ght overlook . 12 

IOF rancis J . Mue ll e r , Unde rstand ing the New Elementary Schoo l Mathe­
matics (Be lmo nt , California: Dickenson Publishing Compan y , 1965 ) , p. 5. 

11~ . , p. 10 . 

12Robe rt B. Davi s , Discovery _!.!!_ Mathemati cs (Readi ng , Massachusetts : 
Addison- We s ley Pu b I i sh ing Company, 1964), P· 8 . 



The second method is opposite of t he f irst . Although the 
t eache r may not g ive the learner any hints which reveal the 
ans1~er to him, the_teacher is perm itted to sugger a lternative 
p lans of ap proach 1n problem-solving strategies . 3 

It ca n be seen that much emphas is ha s been placed on teach ing 

methods, pa rticularly on the method of discove ry whe re traditional 

mathemat ics emohasized dri I I . As one write r states, " If we have truly 

mode rn mathematics we must revise the way in wh ich we app roach the ma-
14 

te r i a I wh ich we teach . 11 The re must be creative teach ing in order to 

motivat e stude nts to be creative in the lea rning process . 

Pe rhap s an o ld Chinese prove rb best sums up the views of the pro­

oonents of the discove ry method of teach ing m2themat ics : 11 I hea r, and 

15 
fo rget; I see , and I remembe r; I do , and I unde rstand . " 

In the t rad it iona l mat he at ics of the past the genera l obj ectives 

have been two fo ld : 

( I) To se rve a funct iona l need to prepa re ch il dren for the 
I i fe they are t o I ive as adu lts and to enab le t he as child ren 
to use ma t hemati cs in the eve ryday worl d around t hem ; 

(2) To deve lop , at least for some ch il dren mathematica l 
I i t e racy. Fo r the most p rt, this twofo ld object ive was imple­
me nted by ha ving ch il dren lea rn ru les of computat ion. La te r, 
effort s to bri n mean in to these rules made it poss ible not 
j ust t o ha ve 11 1 itt le co pute rs 11 but to

1
gave I ittl e comp uters 

v1hose comp utat ions made sense to them . 

10 

13oert Y. Ke rsh , "Lea rn ing by Discovery : In struct iona l St rategles, 11 

Ari t hme t ic Teacher, Vo l. 12, (Octobe r , 1965 ) , p. 415. 
~ . - - -- --- - ---

14cec i I B. Read, 11 ew \~ ine in Old Bott les , '' Schoo_! , Science ,_ and 
:,lath, Vol . 61, (March, 196 1) , o. 163. 

l 511T hi rd Inte rn at iona l Curri cul um Confe rence , 11 Ari thmet ic Teache r, 

Vo I . I 5, (May, I 968 ), p. 4 I 2. 

I 6E. GI enad i ne Gi bb , "Bas ic Objecti ves of the New Mathemat ics, 
11 

Ed~~a_1:_i~ Diqest , Vo l . 31, (Decembe r , 1965) , p . 45 . 



11 

New Math req ui res that concepts be formed be fore routine pe rform­

ance . The new cou rses stress se lf -motivat ion and promote t he idea that 

t he structure of mathematics is based on log ic rather t ha n soc ia l appl i­

cat ion. There is a contin uous f low of ideas t hroughout the ent ire pro­

gram . Chi ldren are motivated t o look for patt erns and re lat ionsh ips 

and to en j oy mathemat ics . 

To imp lement these obj ectives of t oday , Gibb says teachers should: 

( I ) De ve I op ma themat i ca I ideas . Ba si c mathemat i ca I ideas which have 

thei r beg innings in t he el ementary school inc lude concepts of sets , num­

be r , operat ion, rel ati on, function , proof, and some basic concepts of 

geomet ry; (2) Develop ability to solve problems ; (3) Develop tech­

niques of comp utation. When children use their understanding of numbers, 

ope rati ons, and the decimal system of numeration , they come to see dif ­

fe rent t echni ques for computing, not j ust "the way" imposed by their 

text or teacher ; (4) Develop a ch i Id's creative abi I ity . Instead of 

the t eacher being a "fuel pipe'1 pouring in knowledge through dri 11, repe­

ti t ion, memo ri zation , and rote learning, the t eacher becomes a 11 spark 

p I ug11 encourag ing chi I dren to thin k for themselves . 
17 

In reviewing the I iterature t he wr it er found that there has truly 

been a revo lution in elementary school mathematics. This revolution 

has caused a critical evaluation of present programs , a reshaping of 

goa ls, and an examinati on of our procedures in the I ight of what our 

students are doing, what t hey are capable of doing and what are desir-

abl e outcomes . 

17 Ibid . , pp . 46-4 7 · 
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The goa l s and objectives of the mathematics program must be broad­

ened . A new curriculum must be planned and new teaching methods employed . 

A curri culum p lan wi I I be discussed in Chapter I I I. 



CHAPTER 111 

PROPOSED FOURTH GRADE MATHEMATI CS CURR ICULUM 

In o rde r t o adequate ly provide the recommended program, the 

teache r o f a r ithmeti c needs to understand some of the ba s ic princi -

p les of lea rning and how to apply them in selecting, organizing, and 

conduct ing lea rning expe riences in arithmetic ; in using effective 

mea ns of meeting individual differences ; and in evaluating pupi I 

lea r ni ng . 

Fo l lowing are some generally accepted principles of learning 

wh ich app ly to the teaching of arithmetic: 

I. Read iness and motivation are important factors in effective 

lea rning . 

2 . Learning is understanding rather than mechanical memori zation 

and invo lves seeing relationships and making appropriate generalizations. 

3 . Active participation and "discovery" through varied learning 

activities and with varied learning materials makes for more effective 

I ea rning . 

4 . Lea rning i s a developmental process by which the learner gradu -

a l ly reaches mo re ma ture levels of insi ght. 

5 . In d ividua ls d iffe r in the ir rate of learning . 

6 . Practi ce is necessary for proficiency and is more effective if 

preceded by unde rstanding of the basic principle of wh at is being 

lea rned. 

7. Ret ent ion, transfer, and application of learning are increased 

· f I gene ra li zati ons and on the app li ca ti on of gen­by emphas i s on mea ning u 

e ra I izat ions i n a va riety of s ituati ons. 
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8 . Know led~e o f one ' s nro~ress contri butes t o e f fective lea rn -

ino . 

J ust a s i t i s necessa r y for the teacher to know the bas ic pr inci ­

p les of lea rning , i t i s a lso e ssential that he be familiar with some of 

t he a ssumpt ions in curriculum planning . The programs of individual 

c lass rooms usually mirror the extent of the p lanning of these programs 

by t eache rs . It is the teacher's respons ibility to make plans for the 

year, unit p lans, a nd daily p lans. The teacher must choose materials 

a nd select visual aids that wi II enhance the student's learning . As the 

teacher does this p lanning and selecting, he should keep in mind the fol­

lowing four ba sic assumptions in curriculum pla nning . 

I. The curriculum itself must be dynamic and ever chang ing as new 

deve lopme nts and needs in our society arise. 

2 . The process of curriculum planning must be continuous. 

3 . No master curriculum plan wi I I serve al I schools or al I purposes. 

4. Procedures of curriculum planning vary from classroom to class­

room and from school to school, but they should be log ical, consistent, 

2 
and identifiable in each situation. 

OBJ ECTIVES OF A FOURTH GRADE CURRICULUM 

IN MODERN MATHEMATICS 

t mathematics program on any level than The r e should be more o a 

me rely correct answers derived from memorized procedures . Mathematics 

·· ---
1 Elementary School Mathematics (Washington , D.C.: 

Ce nterF~~~c:~p~ :~~r~~~~arch in Education, Inc., 1964) , p. 52. 

2 Wi 11 iam M. Alexander, Cu rriculum P_l_anning for 
J . Galen Saylor and Holt, Ri neha rt , and Winston, Inc., 1966 ), P. 4 . 

Mode rn Schools (New York : 
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i s ma i nl y conce rned with i deas . It i s more tha n addition , s ubtracti on, 

mu lti p l ica ti on, d ivi s ion , tractions , etc . Mathematics is a way of 

th in k ing , a way of a rri v ing at dec isi ons, a way of making predictions. 3 

To he l p each ch i Id a rrive a t this concept of mathematics should be the 

majo r objective o f the mathematics program on any level. 

Af t e r ca re ful examinat ion of several of the major textbook series , 

the write r found there were a number of common goa l s in the modern mathe­

mat ics progr am. A ma j or goal of e lementary school mathematics today i s 

to a s s ist students not only to know "how" to solve prob lems, but to have 

some un de rsta nding of "why" the processes used yi e ld a co rrect solution. 

Fo r examp le , suppose a fou rth grade ch i Id is lea rning a technique for 

f in d in g the product of two numbers such as 4 and 17. He may make 4 I ines 

o f 17 dot s each , assoc iat ing the pa ir of numbe r s with a phys ica l mode l. 

Us ing his understanding of nu me ration he thinks of 17 as 10 + 7 and sep­

a ra t es the a rrangement of dots into 4 I ines of 10 dots a nd 4 I ines of 7 

dot s . Now he has t wo ar r ays and assoc iates two prod ucts with them ; name-

( 4 l o ) d (4 7) Aga in us ing his understanding of numeration ly , x a n x . 

a nd bas i c f acts, he exp resses the product as the sum of 40 and 28 . This 

8 68 the Product Of 4 and 17 The chi Id i s using sum 40 + 2 , o r , names · 

t he d i s tri but i ve prope rty of multi p lication over add ition . As he deve l-

op s sk i 11 he shou l d advance to al gorithms . In modern math if the chi Id 

Conventional a lgorithms, he st i I I has a i s unab le t o advance to the 

method t hat wi I I y ie ld the co rrect solution. 

G I Are Showing , " Arithmetic 5Da ni e l H. Sa nde l ' "Teach So Your oa s -------
~-e.?_c_h_e_r::_ , Vo I . I 5 , (Ap r i I , I 968 ) ' p . 320 . 
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Cont rast the above apo, roach w·1th an app roach where a chi Id i s told 
first to write 17 and then t 0 mu lti p ly 7 x 4, carry a 2 (tens), mu lti ply 

I by 4 and add 2 to 4 . 
In the new programs , the shortcuts a re those the 

chi Id is encouraged to make whe n he ca n--not those imposed on him by 

rules in a text or by his t eache r. 

Anothe r major goal in updated · programs 1s the discovery approach. 

Al I new se ri es advocate th·1s method. Th' · 1s 1s in essence, an inductive 

reasoning process whereby students a re led through expe ri ences ; and 

they in tu rn are ab le to draw conclusions, generali ze, and possibly 

make a feasib le conjecture .
4 

The discovery approach was d iscussed in 

more deta i I in Chapter I I. 

Cha i leng ing each individual in the classroom is a goal of al I pro­

grams . In t he past, common goa Is were he Id for a 11 chi I dren at a par­

ti cu I a r g rade level without regard to ability . Slow learners were ex­

pect ed to memorize, for it was thought that memorization was easier than 

understa nding . Understanding · should precede everything else. 

Providing a differentiated curriculum for individual children carries 

with i t the responsibi I ity of making appropriate selecti on of materials 

and teach ing methods suita b le not only for different age levels but also 

for d ifferent maturity levels at the same age. This wi I I be one of the 

teacher's most difficult tasks . To provide for individual differences 

and mot ivate each chi Id is a real cha I lenge for the teacher. 

goal Of el ementary school mathematics is to assist A fourth major 

f th t ·1cs Mathematics is made up of students to see the structure o ma ema · 

sys tems with patterns and structure that tie the different facets to the 

system . 

4 
Ibid . 
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Anot he r goa l wh ich dema nds attent ·,on 
i s the use of set vocab ul ary. 

Sets g ive an e lement of soph isticat ion to the e lementa ry schoo l mathe- ­

mat ics progr am . The y r ·d 
P ov, e a uni fy ing t hread wh ich pe rmea t es mathe-

mat ics from the kinde rgarten 5 
program th rough grad uat e schoo l. 

The re is the goa l in an e lementa ry mathemati cs prog ram of deve lop­

ing cont ro l and proficiency of opera tiona l s ki I Is . Unde rstan ding of the 

concept should precede pract ice , but practice is sti I I needed. Practi ce 

ca n be ma de enjoyable by the use of games and manipulative ma t eri a ls. 

The writer feels a very important pa rt of the school mathematics 

progr am is to create a climate in the classroom in which boys and g irls 

wi I I enjoy mathematics . This climate should provide students with fre­

quent oppo rtunities for success and create confidence within the students . 

The goals given in the preceding paragraphs pa ra I le! very closely 

the stated main objectives as g iven in the fourth book of a lead ing 

textbook series. These objectives as stated include : 

(I) To develop in pupi Is understanding of and appreciation 
fo r the structure and patterns found in arithmetic and geometry ; 
(2) To deve lop and maintain arithmetic ski I Is ; (3) To provide 
pupi Is with a thorough foundation in a l I aspects of pre- high 
school mathematics; and (4) To enable pup i Is to understand 
the why , as wel I as the how, of basic mathematics . 6 

Teache rs must be aware of the objectives of a mode rn mathematics 

prog r am . The stimulus-response, computational-centered arithmetic may 

ha ve been adequate in the past but not in the space age of today. 

Technolog ical advances have been so ra pid that we can not even be sure 

5_!_~. , p. 322 . 

6 D N"1 chols and others, Elementary Mathematics--Patterns 
Euge ne • t d Winston, lnc .-, - 1966 ), 

and St r uctu res (New York: Holt, Rinehar ' an 
p . vi i. 
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tha t a particu la r arithmetic ski I I learned bea utifully today wi I I be of 

any consequence twenty yea rs f rom now. Fo r an example , t hin k how often 

a bank tel ler of today adds a column of fi gu res menta lly . Most of t he 

time he relies on the machine. The modern programs do not advocate for­

getting about addi ng . The point they emphasize is that adding in a 

mod ern society is becoming less important. The concept remains ex­

tremely important ; for a wel I-developed and understood concept can be 

perma nent ly useful even in a world where ski I Is are apt to change in 

impo rt ance f rom decade to decade. 

In Loga n County, the average student entering the fourth grade who 

has been t aught mathematics three years from the traditional textbook 

shou ld possess certain basic math ski I Is and knowledge. Of course , 

vari ations would occur according to each teacher, her method of teach­

ing, and each individual student. The beginning fourth grader should 

ha ve knowledge of the fol lowin~ topics. These topics were taken from 

the t hird grade textbook that was used in classrooms this year and in 

recent yea rs. 

Number System 

Meaning reading , writing 1- , 2-, and 3- olace numbers 
Money ~~mbers to $9 . 99; meaning of 0 
Roman numerals through XII ; Ordinals through "twentieth " 

Add ition 9_!__ \~ ho I e ~umbers 

Meaning and maintenance (f acts with sumsdto I ~~- 0 
dd'tion· order of adden s ; a tng 

Ways to express a 3' I ' numbers without and with carrying 
Addition of 2- and - pace 
Column add i t ion and checking 11 

d t rm "sum Re lation of s um to adden ; e 



Subtraction of Whole Num be rs ------~-
Mea nings and mai ntenance {facts with minuends to 18) 
Wa ys to ~xp res s subtraction ; su btracting O; Oas remainder 
Subtracti on whe n O is in ten's and one's place · term "remai nder" 
Subtr~ct ion of 2~ and 3- place num be rs without ~nd with borrowing 
Relation of remainder to minuend 

Mui t ip I ication of Whole Numbe rs 

Mea ning of multiplication ; rel at ion with add ition 
Ways to express mul ti plication·· term ''product" 
Facts for 2's and 2; 3's and 3~ 4 1 s and 4 ; multi plication by I 

or 0 

Pairs of multiplication facts ; who le stories (multiplication and 
division) 

Multiplication of 2- and 3-place by I-place number with carrying 
Money numbers 

Division of Whole Numbers ---- -- --- ----
Mean ings of division ; relation with subtraction 
Ways to express division; term "quotient" 
Facts with divisor or quotient 2, 3, 4, I ; check 
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Pairs of division facts; whole stories (multiplication and division) 
Short division of 2- and 3- place by I-place number ; money numbers 

Fractions and Mixed Numbers 

Meaning, recognition, reproduction of one equal part of object, 
group of number 

Definiti on of a fraction as a number 
Fract ions used with measures (1/2 inch and 1/4 inch only) 
Meaning of number below fraction I ine 
Re lati ve sizes of fractions 

Geomet---ry 

Recogni zi ng and reproducing simple geometric forms: 
rectangle, square 

Use of Literal Numbers 

I i ne, c i re I e 

Stand fo r missing sum, addend, remainder , minuend, Use of letter n to 
or subtrahend 

Meas ures 

1 inear, time, we ight, dozen, calendar , I iquid 
Mea nin g of measures: fin ger inch, arm foot, arm yard or body ya rd 
Re fe rence measures: 



20 

Meanings o f add i t ion , subt ract ion , multip li cat ion, d iv isi on ; I i keness 
of g roups 

Use o f dot s, numbe r I i ne , a nd o ictu res 
Di f f e r enti ating processes 
Te l I i ng why orob lems are a certa in kind 
Mak i ng orobl ems : from p ictures: from a s t o ry 
Recognizing t ri cky wo rd s; tel I ing stor y in own words 
Testing answe r s; r el ation of a nswe r s to numbe r s . iven 

7 Pro b lems without numbe rs ; us ing meas ures; o ra l orob lems 

The above I isted t oo ics a re t hose to wh i ch most beg inning fou rth 

o r ade ch i ld ren i n Logan Count y ha ve been exposed . hen t h i s I ist is 

contras ted with the fo l low in one in which the wri te r has comp i l ed 

on l y the new t op ics a nd concepts general Iv ound in mode r n t hi r d rade 

mnt hemati cs textbooks , t he r eader ec01T10s aware o he a between the 

two . Th i s d iff e r e nti a l is pronounced , ar icularlv in relat ion t o vo-

c.:ib u la r v . 

Se t s 

Uni on o f se t s; subsets 
~ets used to def i ne multip l lca ion 
Set oa rtiti oni na used o in erp r division 
Set nota ion (b races) 

'l um be r s c1nd Jume r a Is 

uc c1 nin n o f numbe r and nu r I 
Di f f e r e nt nume r a l s or a nu bar 
Dead inq and wri tina nu rats hroug 9 ,q 

P lace Va l ue 

" ne-th rough - fou r -di It nu 
~xoanded notation 
~eq rouo in of numbe r s 

Or de r a nd Re lat ions 
----- --- -------

r Is 

Ca r d i na l a nd o r d in I ~u be r s t>ols 
Eaua ti o ns a nd ineau I ,ti es and thei r s 

. - - . - - -- . - . ---- . i\ . 3rowne I I , and Irene Sa u I e , A_:_i_!h~ t_l~ 
7Guv T ':\uswe ll, 1-.' i II i am Com an v , 19 I) . 

- · · . r.. i nn and 
We Need (4ew Yo r k . 



A_d_d_i_t_i on o f ldho I e Num bers 
--- - ----- - - ----

Uni on of sets 
Num ber I i ne 
Propert ies of add it ion 

I . Commutat ive property 
2. Assoc iat ive prope rty 
3. Ident it y prope rty 

Addition wi thout and wi t h reg roup ing 

Subtraction of Who le Num be rs - --- -- - -- - --
Set sepa rat ion 
Inve r se re lati on bet ween add ition and su btracti on 
Subtracti on witho ut and with reg rouping 

Multi ~I icat ion of Who le Numbers 

De fined in terms of sets 
Us ing array patte rns 
Re pea t ed add iti on inte rpret ati on 
Sk ip counting on num ber I ine 
Comb inati ons through 9 x 9 
Prope rti es of multi p lication 

I. Commutative property 
2 . Associative property 
3. Identity property 
4 . Distributive property 

Multi p ly ing by zero 
Mul t ipl es of tens and hundreds 
Two and three- d ig it multiplication without and with regrouping 

Divis ion of Whole Num bers 

Fin d ing a mi ss ing factor 
Pa rtitioning of sets 
Arrays 
Sk i p counting on the number line 
Rep eated su btracti on interpretation 
Combinations through 8 1 + 9 
Two and three-di g it division with zero remainder 
Inve rse relation between multiplication and division 
Distr ib utative property 

__F_r~_~!_i on~ _ Num bers ~~ Numera Is 

Equ iva lent s ubsets 
Fraction numbe r s : halves through ei ghths 
Fract iona l numerals 
Info r ma l app roach to addition to fractional numbers 
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1•1eas urement ----- ----
Money 
Time 
Linea r meas ure t o ha lf-inch 
1/Je ight 
Tempe r ature 

Po int 
Line segme nt 
Ray 
Ang le 
Tri a ng le 
Quadri late r a ls 

As we examine the traditional content for Grade Three and the 

modern conte nt for Grade Three, these differences a re the most out­

s tanding : the add ition of the topic of sets, the properties of the 

fou r operat ions, multip li cat ion facts extended to 9 x 9, long divi­

s ion, extension of fraction concepts, more content in the areas of 

geomet r y and measurement, and the large change in vocabulary. No 

longer used are the terms "carrying" in addition and "borrowing" in 

subt raction. The word "regrouping" is now used for both processes . 

Other new terms such as commutative, associative, distributive, prop­

erties of numbers, a nd identity element are new, not only to the chi 1-

dre n, bu t also to many teachers . Many teachers must "unlearn" the 

methods and vocabulary previously used. Perhaps this explains why 

mode rn mathematics is received many times with more enthusiasm by the 

students than the teachers. Teachers must be wi l I ing to carefully 

examine the ir methods of teaching and honestly answer the question, 

"Am I prov i di ng an adequate mathematics program to meet the need s of 

the youth in ou r schools today, one that will also prepare him for 

22 



h i s wo rld of tomorrow?'' 

23 

In order t o answer this question in the affirm-

at ive, this writer felt it to was necessary p lan an out I ine of a pro-

gr am in mode rn mathematics that could be used to fi I I in the gap between 

whe re the student from a trad it i ona I schoo I is, and where he shou Id be, 

in I ight of the objectives and content of a modern mathematics program. 

This was the objective for the next section. 

CONTENT OUTL INE AND METHOD OF PRESENTATI ON 

The bas ic textbook to be used in the classroom was adopted by an 

appoi nted committee of teachers in Logan County. Other than the stan­

da r d use of the adopted text, it was le ft mostly to each individual 

teacher to select the methods and procedures to be used in teaching 

mathemat ics in the classroom. 

The organization of material in most modern mathematics textbook 

se ries is in the form of a spiral plan. A topic is begun in one grade 

and ext ended with the introduction of other and more difficult aspects 

of the topic in several later grades. Enough time should be devoted 

to any new topic in each grade so that understanding and competence 

resu lt. 

The prob lems of introducing modern mathematics for the first time 

in the fo urth grade are increased because of this spiral plan of organi­

zat ion. Eac h gr ade builds on concepts established in previous grades. 

It is necessary, therefore, that the fourth grade teacher go back and 

t eac h mathematica l concepts the student shou ld have learned in the 

first three g rades . The student must have this background and be ta-

mi I i a r with the new vocabulary before he ca n proceed with fourth grade 

mate ri a l. 



24 

Whe n a new Prog ram is adopted , pati ence and cons iderati on a re 

needed f rom pupi Is , t ea chers, and pa rents . If pa rents a re not prope r ly 

orepa red sometime s the re is a hes i ta ncy on t he ir pa r t t o accep t some-

th ing new. Pupi Is a re gene ra ll y not ready for the ma jor empha si s 

p laced on the di scovery method. Children who have known only tradi ­

t iona l ma themati cs may be bewildered by the discovery method. They 

become so accu s tomed to fol lowing the teacher's lead, it is diffi cult 

for them to take the initiative. Close coope ration, p lanning , and 

study a re requ ired of a l I people involved in the new program. 

The maj or portion of this p lann ing and study fat Is upon the 

teache r. Some suggested steps that may be helpful for the teacher to 

fo l low in introducing a new topic in the mathematics class include: 

I . Social Experience step presents a situation within the experi­

v e ntia l background of children in order to introduce a process in a 

fun ctional setting and to establish a pu rpose for the new learning . 

2 . Concrete Manipulative step uti I izes materials of al I kinds. 

3 . Visualizat ion or Semi-Concrete step i I lustrates examples with 

p i ctures, I ines, dots, circles, diagrams, charts, etc. 

4 . Abst ract step is when problems are comp uted with number symbols 

8 
a lone . 

After exami nation of textbooks on the first three levels and care-

fu l exam ination of the adopted text on the fourth grade level , this 

write r selected the fol lowing content to be taught in the fourth grade 

8\~ ilbur H. Dutton and L. J . Adams, Arithmeti c f o~I_eac~s (Eng le­
wood Cliffs, New Jersey: Prentice-Hall, Inc., 1961), p. 8. 



c lass room. Incl d d · th u e in e out I ine of content a re some of the bas ic 

conceots to be de ve loped and a lso some o f t he t each ing proced ure t o 

be used . 

Se ts 

The bas ic ideas about sets provide a context with i n whi ch ma ny 

pu r pose ful mathemat ica l concepts can be unified. Unde rstanding the 

set conceo t and set language i s the first step in the meaningful de­

ve lopme nt of mathemati cal ideas . 

A. Def initi on 

A set is a g roup or coll ect ion of things . The objects 

in a set a re cal led the elements or membe rs of the set . 

Whe n sets are I isted, the elements are enclosed within a 

set of braces. The set itself is indicated by a letter of 

the alphabet . It i s not necessary for the various e lements 

to be re lated in any way , and the order of I isting is not 

important. 

A set ma y have many elements, one e lement , or no e le ­

ments. A set with no elements is cal led the empty set or 

the nul I set . The two notat ions for the empty set are 

braces with no element or 0. 

B. Ca rdinal Number of a Set 

With each family of sets is as soci ated a cardinal num-

25 

o r a number that tel Is how ma ny elements are in the set. ber, 

The cardinal number of the empty set is O. 

C. Union and Intersecti on of Sets 

The union of any two sets is a set which consists of a l I 

h . hare in one set o r the other set , or in those membe r s w I C ' 



both sets . Two sets such as A= [Mary, John] and B = [ Ann, 

Donna, Rita] have no common membe r s . If the two sets a re 

jo ined, a new set is formed which contains the members of 

the two sets. The new set is cal led the union of sets A 

and B. 
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Two sets such as C = [ I, 2, 3] and D = [2 , 3, 4 , 5] , may 

have common members. Intersection of sets C and Dis the 

set of al I elements common to C and D or E [2, 3] . 

D. Dis j oint Sets and Subsets 

When sets have no mem bers in common they a re dis j oint 

sets. To find the sum of a pair of numbers two dis jo int 

sets must be selected. 

A set is a subset of another set if it contains no 

elements that are not in the other set. Every set is a 

subset of itself, and the empty set is a subset of every 

set . 

E. Equivalent and Equal Sets 

Sets are equivalent when a one-to- one corres pondence 

exists between them, and al I sets which are equivalent to 

each other form a family of sets . With each family of sets 

is associated a cardinal number. 

Sets are equa l when they contain exactly the same ele­

ments. Eq uivalent sets may or may not be equal . 

In i ntrod ucing the topic of sets, the teacher should beg in with 

examples with whic h the chi Id is fami I iar as a set of d ishes or a set 

of books . A large supply of concrete material should be avail ab le for 
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the ch il dren to k 

wo r with i n demonst rating set s . The fl anne l boa rd and 

flannel objects a re most usefu l ·1n 
t he t each ing of set s . Since th i s i s 

a new concept, the chil dren sho ul d be provi ded with man y oppo rtuniti es 

to work with bot h phys ica l and fl anne l object s . 

Numbe r s and Nume ra ls 
- --- - ----

A. De finition 

A number is an idea of how ma ny, a concept, an abstrac-

t ion. It is what is thought in the mind. 

A numera I is a symbol, a name tor a number. The 

nume ra l "7" is a symbo l tor the ca rd ina l numbe r 7 of a set. 

Se ve n may be named in ma ny ways·. 7 seven VI I 6 + I 
' ' ' ' 

9 - 2 , 14 +- 2 . A 11 of these ways of nam ing the number seven 

a re ca l led nume rals . 

B. Or di na l Numbers 

Ordinal numbe r s a re those which tel I order rather than 

how many. First , second, etc . , are ord ina l numbe rs . 

Add it ion and Subtraction of Whole Numbe rs 

A. Add ition and subtracti on with regrouping 

The s tudent entering the fourth g rade should ha ve 

lea rned t o add and subtract . If the student can correctly 

reach t he al gorism, it is advised that the teacher only 

int roduce the new t e rminology . The idea of regrouping 

s hou ld be st ressed instead of using the terms "carrying" 

and " borrowi ng" . If some students a re having trouble with 

t hese processes, the st ep by step app roach shou ld be used 

to teac h regroupi ng . 



In a n a dd iti on problem s uc h as 19 + 4 = ?, 19 + 4 can 

be r eg rouped as (1 0 + 9 ) + 4 in the first step . Because of 

the assoc ia tive prope rty, (1 0 + 9 ) + 4 becomes 10 + (9 + 4) . 

Nex t the ones are added, a nd 10 + (9 + 4) become s 10 + 13 . 

Th is s tep can be r ega r ded as IQ + (1 0 + 3 ). Aga in , beca use 

o f the as soc ia tive prope rty, 10 + (1 0 + 3 ) become s (1 0 + 10 ) 

+ 3 o r (20 + 3 ). The chi Id is g ive n a n op po rtunity to se e 

that he wi I I t ake the ten from the thirteen a nd g rou p it with 

t he othe r ten so t hat he has two t e ns a nd three ones , or 

twenty p lu s three. The last step is a final deduction from 

t he previous s teps: twenty is added to three to g ive twenty ­

three. 

The inverse concept is im portant in develop ing the idea 

of r eg ro uping in subtraction. Renaming is also used in sub­

traction. In doing a problem such as 25 + 8 =?,the child 

lea rns to add thus: 25 = 20 + 5 

+ 8 + 8 

20 + 13 = 20 + (10 + 3 ) 

(20 + 10 ) + 3 = 33 

To " undo" this problem, the chi Id wi 11 lea rn to beg in 

at the Place where he finished a dding . The equa ­s ubtracting 

tion 33 - 8 -- ?_ can be written in expanded notation as : 

30 + 3 = 20 + 13 

8 

20 + 5 = 25 

it i s imposs i b le t o s ubtract Wh e n t he c h i Id reali zes 

learns to thin k o f a nothe r way to write 
e ight f r om t hr ee , he 

28 
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30 + 3 . 
He mu st rename the 3 tens as 2 tens and 13 ones . When 

s ubtraction i t h s aug t as the i nverse of addition, or "undoing" 

add iti on , the chi Id becomes mo re awa re of the re lationship 

bet wee n these two processes . 

Whe n the ch i Id un de r st ands the concepts he wi I I us ua ll y 

move to t he trad itiona l a lgori t hm himse l f . He begi ns t o t hi nk 

qu ick ly in his mind without having to expand the probl ems on 

pa pe r. This i s the goal the chi Id should reach. Some o f 

t he s low learners may not be able t o advance to this step. 

They wi I I need more review and more work with manipul ative 

and semi-concrete materials unti I they understand and can 

uti I i ze this concept . 

B. Prope rties of Addition 

The child from the traditional school wil I not be familiar 

with the names for the properties of addition even though he 

can wor k problems using these properties. Perhaps the best 

way to introduce these properties is again with the use of 

sets. 

I. Commutative property--The child should be g iven ex­

pe rience with sets. He should realize that joining a set of 

three obj ects with a set of four ob j ects g ives the same re ­

s ult a s j oining the set of four ob j ects to the set of three 

objects. Through many "doing experiences" the chi Id is able 

to see the union of sets is a commutative ope ration. The 

child ren move from sets t o the additi on o f num bers and t hrough 

t hey f ·ind addition is a lso commutative . Know ing th i s discove r y 

fact cuts in half the numbe r o f ad di tion facts the c h i ld must 

know . 
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2 . Associati ve t . proper y- -Th1s property i s most often 

used in co lumn addition. The children should work with sets 

fir st a nd then, as they a re able, progress to the add ition 

of three or more numbers. F ourth grade rs ha ve usua lly checked 

column addi ti on by add ing up. The chi ldren shou ld have ample 

opportunity to wo r k pro b lems as (3 + 2 ) + I or 3 + (2 + I). 

They must lea rn the parentheses a re used fo r grou ping the two 

numerals to be added first. 

3 . Ide ntity element for addition--The identity element 

for addition is zero. The students should know that zero 

added to any number always g ives that same number. 

0 ultipl ication and Division of Whole Numbers 

A. Mea ning of multiplication and division 

Chi ldren entering the fourth g rade who have used only 

t he conventional textbook wi I I have had only the first four 

tables in multiplication, or they may not have reached mul­

tiplication at al I . It wil I usually be necessary for the 

fourth g rade teacher to start at the very beg inning to pre -

sent multiplication. 

Mu It i p I i cation may be thought of as repeated addition. 

The r e lationship of mu It i p I i cation to addition is stresse d 

by pr esenting the "doubles 11 in addition first: 2 + 2 , 3 + 3 , 

The pupi Is quickly see that the addition sentence, 
4 + 4 , etc. 

4 
+ 4 = 8, can be stated as a multiplication sentence, 2 x 4 = 8 . 

The numbe r I ine should be used extensively to strengthen the 

f mult ·ipl ication in the mind of the chi Id . 
mea ning o 
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Div is ion is r e lat ive ly new to the fo ur t h grade r . The 

mea ninq of d ivi sion may be t hought of as repeated s ubt ract ion 

by relat ing it t o the repeated add iti on. The number I ine once 

again proves use fu l as it grap hi ca ll y demonstrat es anothe r 

fu ndame ntal princi p le, namely, that division is the inverse 

o f multi p l ication--that dividing undoes what is done by mul­

ti p lying . The chi Id discovers by making 3 moves of 2 spaces 

each that 3 x 2 = 6. He then undoes this operation by start­

ing with 6 and moving back toward zero 2 spaces at a time. 

He finds he can make 3 such moves. At the same time, he dis­

covers that division is related to successive subtraction. 

B. Properties of multiplication 

The commutative property of multiplication can be shown 

through the use of sets and arrays . Begin by reviewing the 

commutative property of addition. The chi Id should see that 

since addit ion is commutative, and multiplication may be 

thought of as repeated addition, then multiplication is 

commutative . 

Multiplication is a binary operation . When three fac­

tors are involved, the chi Id must start with just t wo factors. 

The chi Id discovers by experimentation that he can group the 

factors by twos in any way he chooses and always get the 

The chi Id should be led to discover for him­same product. 

self that multiplication is also associative. Should the 

c hi Id not reach this conclusion himself, the teacher, by 

ca reful guidance using physical and flannel-board objects, 

shoul d d irect the child's attention to this concept. 



The ide ntity e lement fo r mu lti p li cat ion is not the same 

as tha t for add i t ion . It i s necessa r y t ha t t he teacher po int 

out that zero, the add it ive i de nt i ty e leme nt , a l so has a spe­

c ial ro l e in mul t i p li ca t ion , beca use ze ro ti mes a ny numbe r i s 

ze ro . The chi Id 's understanding of identity e lement should 

lead hi m to the conclusi o n that one i s the identity e lement 

fo r multi p li ca tion because the product of any number and one 

i s t ha t same number. 

C. The d i s tributive property 
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The distributive principle is very useful in the teaching 

o f multiplication. This principle asserts that the product of 

t wo numbers is equal to the sum of the products when the add­

e nds that make one number are multiplied separately by the 

other number. For example, perhaps the child knows the mul­

t i p lica tion facts for the table of 4 but not for the table of 

8 . He can work the problem 9 x 8 by using the distributive 

principle as fol lows: 9 x 8 9 X (4 + 4) 

= ( 9 X 4) + ( 9 X 4) 

36 + 36 = 72 

The chi Id can viork more difficult prob lems at an earlier 

r a te than before by applying the distributive princi p le. The 

ch i Id who truly understands this principle should advance to 

the conventional al gorism with no trouble. 

D. Algo risms 

An a lgorism is the way the problem is arra nged f o r com-

a nd the method by whi c h the ope r ation i s pe rforme d. 
putati o n 
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As a review bet t h ore e ch il dre n mo ve to a lgori sms , much wor k 

in mu l t ipl icat ion and d iv ision should be done us ing sets and 

a r r ays . 

To prov ide interest and e nthusiasm, the children should 

ma ke their ow n indi vidua l flannel boa r ds and be prov ided with 

fl an ne l ob j ects t o use in ma k i ng sets and a rrays . The fla n­

ne l boa r ds ca n be ma de quite s imp ly by s t apling a pi ece of 

fl annel over heavy ca rd boa r d . 

Af t e r mastering the multipli cati on facts using concre t e 

a nd sem i-concrete obj ects, the chi Id i s r eady to exte nd h is 

knowledge . For example, when pupils have discovered the dis­

t r ib utive principl e and used it in discovering basic f acts , 

they the n put this principle to wor k in multiplying tens and 

ones . They know through their understanding of numbers that 

43 can be thought of as 40 + 3. Applying the distri butive 

princi p le they find the product of 4 and 43 by multi p lying 

40 and 3 each by 4 and then adding the products: 

4 X (40 + 3 ) = (4 X 40 ) + (4 X 3) = 160 + 12 + 172 . 

Much use is made of the distributive principle whe n 

fo urth g raders are introduce d to multi p lication by two- p lace 

numbe rs. I f the child was wor k ing the pro b lem 14 x 13 , he 

mi ght use the d istributive principle first to solve the prob-

lem . h Id Use the long form as an introducti on The pupi I sou 

to the s ho rt fo rm, t he conventional a lgorithm. 
..­

be devel oped by fi r s t usi ng sets,a r ­Di v ision a lgorithms ma y 

numbe r I ine as was done i n mul t i p l ica t ion. rays , an d the 
The 

f reque nt experie nce s using manipu lative materi a ls. 
ch i ld r e n need 
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By us ing the I· k b t ins e ween division and successive su btrac-

t ion a nd divisi on 
as the i nverse of mul t i p l ication, the chi Id 

may elect to so l ve t he prob lem any number of ways . Alternat ive 

solutions shoul d be e ncouraged by t he t eache r. Fo r examp le, 

the prob lem 248 """ 4 ma y be wor ked in the fol lowing way s. 
60 + 2 = 62 50 + 10 + 2 = 62 62 62 

4 I 24 0 + 8 4 I 200 + 40 + 8 4 248 ., 240 + 8 200 + 40 + 8 200 50 24~ 60 
48 
40 10 8 2 

8 62 
8 2 

62 

E. Rema inders in division 

Remainders in division are introduced at the fourth grade 

level. Physical ob j ects such as discs or blocks , arrays, and 

the num ber I ine prove to be helpful. The teacher should pre­

sent problems with which the child is famili a r such as, "How 

ma ny nickels can you get for 47 pennies?" or "How many teams 

of 4 each can be formed if there are 17 chi I dren?" Seventeen 

of the pupi Is can form the teams and the child can see the num­

ber of teams formed and also how many children are left over. 

F. App lications 

The goal for teaching the four basic operations is that 

the pup i I wi I I be able to apply them in problem situations. 

The write r has found that reading problems prese nt great 

d iffi c ulty to fourth graders because they do not know which 

t I the Problem It i s hoped , that in ope r a ti on to use o so ve · 

the student not onl y learns the "how" but the mode rn prog r am, 



the "why . " Th 
e student who truly unde rst ands t he mea ning of 

th
e fu nd amenta l ope rati on wi I I be ab le t o co r rect ly app ly 

these lea rnings i n so lving prob lems . 

Est imation 

A. Ro und ing numbers 

Roun d ing numbers to the nearest multiple of t en and 

hu ndred can be very useful when exact numbers are not needed. 

Num bers which are the result of counti ng are exact numbers ; 

whe reas, rounded numbers are only approximate. 

A number I ine may be used to round a number. To roun d 

a number such as 34 to tae nearest ten , the chi Id can see on 

the number I ine that 34 is only 4 away from 30 and 6 away 

from 40 . Thus, 34 rounded to the nearest ten i s 30. 

The t eacher must present the idea that a number halfway 

between two mu lti ples of ten is rounded up to the greater of 

the two. Thus, 35 rounded to the nearest ten is 40. 

Rounding to the nearest hundred or thousand may be pre­

sented using a number I ine or number I ine segment. As the 

s tudents gain in experience, they wi I I no longer need the 

number I i ne. 

B. Estimating answers to problems 

The children's interest in estimation may be stimulated 

by p lacing a j ar of objects such as marbles, j acks , buttons 

o r beans on a table and asking the students to estimate the 

numbe r of obj ects. 

explain that estimated an swers a re The teacher can 

. to remembe r than exact ar:iswe rs . 
eas ie r t o fi nd and ea si e r 
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They may a lso se rve as a check on a n answe r a rri ved at by 

comp utati on . 

True a nd false statements 

If a mathemat ical sentence or equation can be j ud ged 

true o r false, the sentence i s cal led a sta t ement; 3 + 4 = 7 

and 6 + 8 = 12 are statements. Ch' Id t 1 ren mus be taught to 

exam ine statements and judge whether they are true or f a l se . 

Open sente nces as D + 7 = 17 cannot be j udged true o r fa I se 

unt i I the frame i s replaced by a numeral. 
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B. So lution of equations and inequalities 

Al I open sentences are equations that must be solved. 

The children should be g iven a large var iety of eq uations 

that wi I I aid them in their problem solving ability. The 

frame should be located in different places in the equation. 

The fourth grader wi I I be introduced to some new symbols 

concerning inequalities . The symbol '/ means "is not equal to. " 

The symbol L means "is less than" and :::,.means "is greater 

than. 11 Number sentences such as IO L I I and 60 :::,. 58 are 

cal led inequa lities . Most modern mathematics textboo ks g ive 

a number of exercises involving inequalities . 

Fractional Numbers 

A. Mea ning of fraction 

I . 
A traction is one or more equal parts of a unit. 

The chi Id can make this discovery by cutting an app le or 

candy ba r into parts . 



2 . 

o f units . 
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A fract ion may name one o r more equa l parts of a group 

Fou r app les, ca ndy bars, t e c . , can be displ ayed and 

the ch i Id r emoves I of 4 . He removes 1/4 of the group. 

3 . A fraction is an indi cated di vi s ion . 

actua I I y I -:- 4 . 

B. Re naming fract io na l numbers 

One-fourth is 

A fr actional number I ine ·,s almost a must in teaching 

equi valent fract ions. The pupils should make their own num ­

ber I ines tor easy reference. 

The teacher must provide individual fraction kits or 

construction paper for cutting circles, squares, and rectan­

g les into fractional parts. Flannel board fractional cut-outs 

sho uld be avai I able. Al I possible visual aids should be em­

p loyed wh en working with fractions. 

By using the fractional number I ines and fraction cut­

outs, the students can observe that 2/2, 3/3, 4/4, ... are al I 

name s for the whole number I . They discover the relation of 

f r act ional numbers to whole numbers. They can see there a re 

ma ny names for the whole number. Using the same procedures 

the chi Id is led to the rea lization that 1/4 and 1/2 can also 

be r e named with equivalent fractions. The children should be 

ab le to obse rve patterns in making equivalent f ractions. 

The child ren a re introduced to the terms simpler form 

a nd s i mp lest form whe n referring to the equival e nt fractional 

numerals . The common factor concept is p resented a nd used in 

f To find the s imp lest form for 4/10 the findin g simp lest o rm. 



ch i Id must find a common f ac t o r. This ca n be done by exper i -

men t at ion . The ch i Id knows he has reached s imp lest f o rm whe n 

the only common factor is one . 

C. Addition and s ubtraction of fractional numerals 
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In developing a concept such as add iti o n of fracti on a l 

numbe r s , the t eac her shou ld agai n beg in with a phys ical model. 

The child r e n can obse rve from a circle divided into s ixths 

that 1/6 + 1/6 2/ 6 . The same resu lt can be accomplished by 

us ing p ictures of number r ays . Afte r the children have ob-

se rved severa l mode l s and numbe r rays , they should discover 

the patte rn: 1/4 + 1/4 = _l _+_ I, 1/6 + 1/6 - I + - - 6-

I _ 2 + 3 
2/7 + 3 7 - --,-

4 
Once the child has this pattern in his 

mind he does not need to refer to physical models ; he can 

suppl y the a nswer by applying the pattern of adding the nu­

merators and using the same denominator . 

The same procedure should be fol lowed in subtract ion of 

fractional numbers progressi ng from physical models to the 

abstract. The relationshi p between addition and subtraction 

should be emphasized. 

D. Mixed numerals 

A whole number and a traction comprise a mixed numeral. 

By using number rays and fractional parts the chi Id can dis­

cove r the relationship between a mixed numeral and an im-

t h from one to the other . p roper traction and how o c ange 

Add ition an d subtraction of mixed numerals with common 

denominato rs is introduced . The concept of subtracting a 



tra c ti o n from a whole number 
is also inc l uded . One method 

fo r p resenting this idea i s to ha ve t he ch i ldren make two 

c irc l e s . 
One circ le i s t o be le f t who le a nd the other cut 

into fou rths . 
The ch i Id ca n o bserve tha t 4/4 ma ke t he 

whole c irc le , thu s 
an d 4/4 a re d i ffere nt names for t he 

If the ch i Id t akes away o ne of the fourth s, 
same numbe r . 

he disco ve rs that 3/ 4 name s the pa r t left. From t h is the 

chi Id ca n mo ve t o t he written pro b lem : = 4/ 4 

- 1/4 

3/ 4 

Thi s p roced ur e s hould be re pea ted using s qua res , r e c ­

ta ng le s, etc., until the chi Id ha s gained an understanding 

tha t can be a pp li e d without the use of visual aids. 

Me a surement 

When teaching a unit on measurement it is essenti a l th a t the 

cl a ss ha ve ac cess to t he fol lowing materi a ls of instructi o n: repre ­

s e nt a ti ve I i near, I iquid, and dry measures ; scales, calenda r, cloc k 

a nd the r momete rs . 

A. Le ngth 

Linear measure may be introduced by having the pup i Is 

ma ke rulers using non-standard units. They mi ght do this 

by ma r k ing a non-s t andard unit segment suc h as a penci I re ­

peated l y on a s tick or pointer which the y coul d t he n use to 

check t he measurement of their des k. From an a c t i v i ty as 

th i s the c h i Id i s ab le t o see t he need f o r s t a nda r d units of 

measure . Several foot ru le rs a nd yardst i cks shou l d be avail-

ab le for the children 's use and much actua l measuring should 

take p l ac e . 
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8 . Liquid meas ure 

A c up , pi nt, qua rt, a nd ga l Ion conta iner a re needed . The 

pupi Is ca n demonst rate with wat e r or sa nd the re lati ons hi ps 

amo ng the mea sures . At the same t ime they wi I I gain both a 

vi s ua l and a k inesthetic impress ion of the size and the capa­

c ity of t he commonl y used me asures . The pupils can make their 

ow n tab le of equivalent I iquid measures. 

C. \!/e ight 

Display several weighi ng scales of different types . A 

beam- balance scale would be helpful. Bath room scales are 

readily avai !able. Several children might weigh themselves. 

Others might find the weight of books and other objects. The 

beam-balance can be used to find the weight of a pencil in 

ounces and a poun d . The children learn the ton is used to 

simplify the weighing of heavy objects. 

D. Time 

Using a display of several calendars, the pupi Is should 

observe and discuss (I) how a calendar is used in measuring 

time and (2 ) what the common units of time are . The pupi Is 

can construct a table showing the relation between days and 

weeks and between months and years . Making calendars would 

be a good activity . 

The clock is another measuring instrument of time . The 

have a large model of a clock and individual 
teacher should 

model clocks can be made by the children . The teache r must 

t understanding of the abbreviations 
lead the children o an 
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m., a .m. , and p.m . The children need pract i ce in tel 1 ing time 

to the minute and in measuring the amount of time that has 

passed or wi I I pass betwee n any two moments in time . 

E. Temperature 

Needed a re severa l types of thermometers--vertical and 

ci r cu l a r thermometers used to measure temperature indoors 

a nd o utdoors, cooking thermometers, and clinica l thermometers. 

The children should demonstrate how heat and cold affect the 

reading on a thermometer. The children mi ght keep a thermome­

ter record of the temperature each day of the week. 

F . Money 

Geometry 

Money measurement may be introduced with a discussion of 

how change is made. Play money is desirable for the child­

ren's use. A store might be set up g iving the students oppor­

tunity to make change and work money problems. 

A. Points and I ines 

The word, "point," in ordinary language suggests physical 

Such as the point of a penci I or the point of a pin. objects, 

many models as possible the chi Id should be led to Usi ng as 

orogressively smaller physical objects. From this they may 

idea of a geometric point which is not 
beg in to abstract the 

a physical ob j ect. 
Pupi Is can be helped to understand that 

of a point--a dot on paper, the point 
there are many models 

of a p in, and so on. 

represents an idea. 

The dot on paper, I ike a numera l, merely 

The point itself, I ike a number , is a n 
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i dea: a nd · t b 

J U S as num ers are the bui I d ing b locks of a rith -
metic, 

so points are the "bui I ding blocks" of geometry . Simi -

B. 

larly, boys and g irl s must be helped to distinguish between a 

model of a I ine, draw n on pape r, a nd 
a I i ne i tse If, which is 

a set of poi nts - - a nd s ince a point is a n idea , so is a I ine. 

Closed fi gures- -c ircles, squares, rectangl es, and triang les 

The pupi Is should be ab le to identify simple geometric 

shapes. They must also learn to recognize their cha racteris­

tics , or properties. The pupi I is al lowed to discover many 

of these properties for himself as, for example, when he 

measu res sides of a square and finds them equal in length; 

or when he measures I ine segments drawn from points on a 

ci rcle to the center of the circle and finds them equal in 

length . Sources of enjoyment for the child I ie in seeing 

geomet ric sha pes in the things around him and in drawing 

geometric fi gures. Geometric concepts should be developed 

g r a dually , simply, correctly, and intuitively . 

C. Fi nding the perimeter of quadi laterals 

The teacher must first help the chi Id understand the 

meaning of the word perimeter . To introduce finding the 

perimeter to children, tie together the ends of a piece of 

f t I n ) Have each of four st ring (not more than three ee o g . 

f . inside the loop and pul I it taut so pupi Is place a rnger 

ts the perimeter of a quadrilateral. that the string represen 

·t a·,nst a yardstick to Then cut the string and measure ' ag 

f the distance around the dete rmine the I inear measure o 
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quadr i I atera I . 

The pupi Is should suggest a shorter way of 

determining the distance arou nd a I cosed fi gure . 

PUPI L ACTIVITIES 

In the ave r age fourth g rade classroom there · · 1s a wide range of 
ab i Ii ty . Al I the ch ildren wi I I not be ready for the t t same concep a 

the s ame time. The teacher must determine the level of each child 

and then he lp him progress from that point . To aid in meeting indi­

vidual differences of the students, the classroom could be divided 

into three or more g roups according to ability. 

The use of a single textbook cannot meet the needs of al I learn­

ers . The teacher should have avai I able textbooks on several grade 

levels. It is also important that the teacher supplement the textbook 

with varied visual materials and other printed materials. The teacher 

should provide worksheets a nd various teacher-prepared materials for 

use at al I levels. 

Mathematics should be a "doing" subject for al I the students. A 

wide variety of commercially prepared and teacher-made materials should 

be a vai table for use by al I the students. The children can make their 

own flannel boards and counters. The more materials the children can 

make and the more they participate the more enthusiastic they are. Each 

t ·t to work with manipulative devices chi Id should have ample oppor uni Y 

t t as his abi I ity al lows. a nd proceed to the abstrac concep 

Practice to improve mathematica l ski I I can be fun instead of 

bo ring wi th the use of games . The teacher may choose from a wide 

t . I ames those best suited to improve the ski I Is selection of mathema ,ca 9 
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needed bv each ind i v i dua l ch· Id 1 o r each group . Games ca n a l so be use-

ful for mot i vat io n a nd e nr i chment pu r poses . 

The t eac her wi I I f in d the o verhea d p roJ·ec t o r , f i I ms, a nd f i Im -

strips use fu l ~ i ds i n a ma thema ti cs pro_n r am . T 
~ he ch il dr e n wi I I e njoy 

wo r king t he ir p rob lems o n the ove r hea d proJ·ecto r. The teache r wi I I 

find the p roject o r quite helpf u l · d 1n emonstrati ng prob lems to a sma l I 

g r oup o r the e nt ire c lass . 

Ma ny times the c l a s s r oom t eache r wi I I ta ke the middl e road a nd 

d irect most of hi s a t te nt io n to t eaching the average chi Id or the 

middle g roup . These c hil d ren sho ul d de finitely not be neg lec ted and 

the ir needs s ho uld be met. It is equally important that the teacher 

o r o vi de i nstructiona l vari a tions for the children at either extreme, 

the r a pi d lea rne r an d the slow lea rner. 

Some o f the in s tructional activities for the rapid learners 

s ho ul d in c lu de : (a) mo re i nde pende nt rea ding and use of the textbook ; 

( b ) usi ng e xtra cha I lenge worksheets ; (c) using frequent and more varied 

me nta l a rithmetic shortcuts ; (d) participating in creative activities ; 

a nd (e ) read ing supplementary books. 

Instruction variations with slow learners include: (a) concrete 

expe r iences and materi a ls to precede use of the textbook on a new topic ; 

(b) ve r y c losel y teacher-directed rea ding , study, and discussion of 

text book ma t e rial ; (c) frequent dramatization of problem situations ; 

(d) s lowe r introduction of successive step s in a process ; (e) freque nt 

I 
. 9 

d (f) more use of games to motivate earning . r e t eaching a nd review ; an 

t School Mathematics (Wash ington, D, C. : 
9F r a nc es F lournoy, Elemen ary . 

1 
!964 ) p 86 

Ce nter fo r Applied Rese a r c h in Education, nc., ' · · 
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The teache r sho u l d be ab le t o select 

activities from both the I ists 
abo ve t o mee t t he i nd i v i dua l needs of the 

children who fal I between 
t hese ex t r emes . Th · 

e pup, Is' activ i ties i n mathemat ·1cs depend to a great 
ex t e nt o n the ma t e ri a l s provided with which 

they can work . The teacher 

ha s the res po nsi b i I ity to deve lop a lea rning I b 
a ora t ory f or mathematics . 

MATERIALS 

A I ist of s uggested materi a ls are I isted in Ap pendix A. 

EVALUATI ON 

Effec tive e va luation is an essential ing redient in planning new 

prog rams. Eva luative techniques should be used throughout the entire 

year to i mp r o ve instruction. Evaluation, when properly used, g ives 

d irect io n a nd g uidance to da ily instructional planning and develop­

me nt . 

Eva lu a tion device s can determine the pupil's readiness for fu­

ture i nst r uct io n. The classroom teacher can diagnose individual weak­

nesses a nd s t rengths, a nd provisions can be made for individual dif­

fere nces by the p roper use of evaluation 

I n o r de r to have direction and coherence in his evaluation, the 

c lassroom teac he r must have clearly in his mind, before starting t o 

evaluate, t he go a ls or objectives of his instruction. The fol lowing 

basic goals sho u l d be evaluated da ily : 

I . 

2 . 

3 . 

Does the stude nt show g rowth and understanding with rega rd 
to basic mathematica l concepts? 
Does the student possess the necessa ry s k i I Is in performing 
mathemat i ca l ope r ations and proc~ss~s? 
Is the stude nt accurate and precise. 



Does th e pu p i I h 
ave a n enthus iasm for and ma thematics? enjoyment of 

Does the chi Id see the I 
soc iety? p ~ce of mathematics in our complex 
Is th e chi Id able to use com f t bl 
a nd symbol ism of mathematics?96 a Y the unique language 

4 . 

5 . 

6 . 

The teacher s hould use a variety of evaluat·1on 
instruments . The 

teacher frequently employs the teacher-made test as 
an evaluation de-

vice . The teacher should make t 
sure his device tests more than just 

computat iona l ski I Is . 

a nd understandings . 

The teacher-made t t h es s ould also test meanings 

It should test the pupi I's ability in problem 

solvinq a nd his knowledge of mathematical symbols and vocabulary . 

Tea cher observation and personal interview is perhaps the most 

valuab le evaluation technique . This is the only technique that en­

ab les the teacher to get at the thought processes being used by the 

pup i I. Or a l questions and class discussions are also valuable aids in 

eva luat ion . 
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Always at the teacher's disposal are the pub I ished evaluation ma­

te ri a ls such as the standardized achievement tests . The most recent 

edit ions of many of these tests have up - dated their mathematics sections 

to prov ide for the children in a modern mathematics curriculum . Pub-

I ished evaluation materials can be useful when properly used . Their 

importance should not be placed above the teacher's observations or 

wel I-prepared teacher-made tests . 

In add ition to evaluation of the mathematics program throughout 

the yea r, at the year's end the author plans to make a total evaluation 

10 t · Program, " Arlth-
George F. Mada us' "Eva I uat ion of ~ Ma:~ ~ma r cs 

~e!J_£ Teacher, Vol . 8, ( December, 196 1 >, P· · 
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of the o ron_ ram a nd ·1 • _., n view o f The f" 

indi ngs, restrucTure The cu r ricu-
lum to co rrecT th e weaknesses a nd to 

i ncrease the st r e ngt hs . In mak-
in g th i s eva lu a tion, The autho r wi 11 use pup i I 's pr og r e ss during the 

yea r as measure d by teacher observation , teache r-ma de t e sts , and 

sta nda rdized achieveme nT t ests . Th " 
i s e nd- o f - the -year evaluation 

sho uld i ndicate The e f fe c T iveness o f th · t • e ins ruction techniques and 

the choice of ma t e ri a l s . With this knowledge a n improved prog ram of 

i nstruction ca n be p l a nned f o r the succeeding year. 

SUMMARY 

In the preceding pages a brief out! ine of the content which the 

writer ha s selected to teach in the classroom this fa! I has been given. 

The unit s wi I I be planned in more detai I prior to their actual teach­

in q . This proposed curriculum content was planned with the objectives 

of a mo dern mathematics program in mind . In the introduction of topics 

t he c hildren are encouraged to participate and discover mathematical 

concep t s . Pupi I activities are pla nned with individ ual differences 

in mind. One of the characteristics of a modern p r ogram is a more ef­

f ective use of instructional aids . It is accepted that visualization 

i s a primary aid To learning . The author has given a I ist of materials 

neces sa ry in a modern mathematics program in Appendix A. 

To be e ffective the program must be continuously evaluated . The 

I t . ·,nstruments to J"udge the effec-teache r should use various eva ua ion 

t i ve ne ss of the materials and the method of teaching. 

e valua t ion should result in improved instruction . 

The teacher's 



CHAPTER IV 

SUMM ARY 

Rea l i z ing a need f o r i mp rovement · th t 1n ma ema ics instruction in 

Loga n County schoo ls, the school system adopte d a modern mathematics 

textbook se ri e s t o be used in the schools this fal 1. The writer, 

hav i ng t a ught fourth g rade for several years using a conventional 

t ext boo k , a nd having some knowledge of the content of a modern pro­

g r am, knew there was a chasm between the two. The writer felt that 

if t e ac hers did not do an adequate job of bui I ding a bridge for the 

s t udents t o cross from traditional mathematics to modern mathematics, 

th e students instead of gaining a deeper understanding and apprecia­

tion for mathematics would become hopelessly lost and confused . 

This paper, by defining the objectives of a modern program and 

s howin g the gap that exists in content between the two, has then pro­

v i de d a n o ut I ine of the material to be taught in the fourth grade to 

The g ive the student the backg round he needs in the modern program . 

pare r ha s g reatly aided the writer in planning a prog r am to be used 

in the cl a ssroom . 

fl t deeper concern for how children A modern program re ec s a new, 

lea rn. It helps pupils gain the ski I Is, concepts, and language neces-

Of the more difficult topics in the secondary school. 
sa r y f o r mastery 

a mode rn mathematics program if they are 
The c hil d ren of today need 

·,n and contribute intel I igently to the world of 
to I i ve effectively 

t oda y . 
th t e unheard of or 

are Uses for mathematics a wer 
Toda y there 

even thoug ht abou t a f e w years a go. 
Those students of today who wi I I 



helo send man to pldnets wi I I be those given a firm foundation in 

mathematical ideas and taught to yearn for more. 
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APPENDIX A 

MATHEMATI CS MAT ER IALS 

Textbooks for fourth g r a de a nd othe r g r ade levels 

Supp lementary books 

Flannel boa r d and flannel board materials 

Nume ral assortment 

Mode rn mat hemat ics symbols 

Modern mathematics vocabulary 

Ope rations on sets and numbers 

Flannel board fractional parts 

Hund r ed chart 

Number I i ne 

Expa nded notation cards 

Peq boa rds and pegs 

P lace value charts 

Count ing ob j ects (discs, popsicle sticks, bottle caps) 

Fraction number I ine 

Clocks 

Sca les 

Rulers, ya rdsticks, tape measures 

P lay mo ney 

The r momete r 

Abacus 

Geomet ric shapes 



t1 ultinl ication a nd div i s ion g rid s 

Liquid measuring de vices 

ooaque a nd overhead projector materials 

Filmstr i ps 

Fil ms 
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