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. cases ditto masters, stories for reading aloud, and other
instructional materials are imcluded in the book. In this unit, the
operations of addition and subtraction of whole numbers are :
introduced and developed. Section 1 introduces the “a+b"™ potation and .
related addition to the jcining of sets. In section two, subtracticn
is developed using missing addend problems. Later sections concern .
(3) grouping, even and odd numbers, and arrays; (4) introduction to -
the number line; and (5) numerals through 99. Three supplementary ,
¢ - games ‘are also included. (SD) ) ¢

P

- -

“

3 o ok ok o ok e ok sk ok ok ok Sk e o ok e sk sk ok ok ok ok o sk sk ok ok 3k ok ok ok ok sk sk ok ok **********;k**************** e ek e %k k

. * Documents acquired by ERIC include many informal unpublished

* materials not available from other sources. EEIC makes every effort
* to obtain the best copy available., Nevertheless, items of marginal
* rep¥oducibility are often encountered and this affects the guality
* of the micrcfiche and hardcopy reproductions ERIC makes available

* via the ERIC Document Reproduction Service (EDRS). EDRS is not

* responsible for the gualify of the original document. Reproductions
* supplied by EDRS are the best that can be made from the original.
******************************T**********************************fj****

m

’

% ¥ X O H ¥ & X




LI SR T L RS X BN I T Y DR L TN PR

S
AT

US DEPARTMENT OF HEALTN
EDUCATIONAWELFARE
LR NATIONAL INSTITUTE OF

LR g e EDUCATION

LS L 3 A R X ‘

Ml Ml AR THIS DOCUMENT HAS BEEN REPRO-

PR DUCED EXACTLY AS RECEIVED FROM

THE PERSON UR ORGANIZATION ORIGIN.

ATING T POINTS OF viEW OR OPINIONS

STATED DO NUT NECENSARILY REPRE

SENTOFF (1AL NATIONAL INSTITUTE OF

EDUCATION POSITION GR POLICY

5

e
P
W‘ S 32O 2N

ED127179

)
%

e,

’(~‘;!‘\

F 20 ;i"—"{’!"
LAt

AT oY
.
oy

agi

TP e
B e

NRE 551
o

PR,

[ T A T




. - L)
COORDINATED MATHEMATICS-SCIENCE SERIES - o
. I.  WATCHING AND WONDERING '
é 2. CURVES AND SHAPES '
: 5 3.  DESCRIBING AND CLASSIF¥ING
& 4. USING OUR sstss . .
2 5.  INTRODUCING MEASUREMENT
< 6. NUMERATION
7.  INTRODUCING SYMMETRY - o ’
. 8.  OBSERVING PROPERTIES
a 9.  NUMBERS AND COUNTING
g 10.  DESCRIBING LOCATIONS
§ 11, INTRODUCING ADDITION AND SUBTRACTION
™ 12,  MEASUREMENT WITH REFERENCE UNITS .
13, INTERPRETATIONS OF ADDITION AND SUBTRACTION .
14,  EXPLORING SYMMETRICAL PATTERNS .
IS.  INVESTIGATING SYSTEMS
3 '6. NUMBERS AND MEASURING
g 7. INTRODUCING MULTIPLICATION AND DIVISION
- 0 '8.  SCALING AND REPRESENTATION
g 19.  COMPARING CQANGES ‘ '
9 20. USING LARGER N.UMBERS
2 21, ANGLESAND SPACE ____ ~ _ R i
22, PARTS AND PIECES
23, CONDITIONS AFFECTING LIFE
3 24. CHANGE AND CALCULATIONS .
g 25. MULTIPLICATION AND MOTION )
g .26.  WHAT ARE THINGS MADE OF?
- = 27. NUMBERS AND THEIR PROPERTIES
28. MAPP.NG THE GLOBE, ’ :
<9.  NATURAL SYSTEMS
OTHER MINNEMAST PUBLICATIONS .
. The 29 coordinated urits and several other publications are available from MINNEMAST on order.
. Other publications include: .
STUDENT MANUALS for Grades 1, 2 and 3, and
printed TEACHING AIDS for Kindergarten and Grade 1.
LIVING THINGS {N FIELD AND CLASSROOM
(MINNEMAST Handbook for all grades) .
ADVENTURES IN SCIENCE AND MATH
(Histortical stortes for teacher or student)

QUESTIONS AND ANSWERS ABOUT MINNEMAST
sent free with price’list on request

) QVERVIEW
(Description of content of each publication)

MINNEMAST RECOMMENDATIONS FOR SCIENCE AND MATH IN THE INTERMEDIATL GRADES
{Suggestion. for programs to succeed the MINNEMAST Curricullim in Grades 4, 5 and 6)

LRIC | B

CEESEC I




 INTRODUCING
'ADDITION &

@’
SUBTRACTION
I\HA\'NEl\;Ab"I-’ C(;QRDINATED MAE‘HEMATICS-SCEENCB?E&IES
<

F]

* MIRNESOTA MATHEMATICS AND SCIENCE TEACHING. PROJECT

4 |
]:C | . -

Full Tt Provided by ERIC.




The Minnesota Mathematics and Scienee ‘.I‘eaching Project

* - -

. "a& developed these materials under, a grant from the ~ - o7

’

. ’ .o T National Scierfce l‘ounda,non . S .

.. K4 . 3 > LS -
- - - >

— - “Pifth Printiag -
SRR C e . 197

b 2

» . . -

_ Except for the Tights to matenals reserved by others the publisher - i e
’ ) :and copymght owner hereby grants permission to domestic persons of
Ce the United States and Canada for use of this work without charge in’
" " English language pub'hcatlons in the United States and Canada after
July 1, 1973, provided the publications incorporating materials covered
bY these copyrights contain acknowledgement of them and a statement
. ) " that the publication.is endorsed neither by thé copyright owner nor the
National Science Foundation. For conditions of use and perraission to e
- e . use materials contained herein for foreign pubhcattonspor publications . T
. y in other than the English language apphcauon must be made to: Office
o A ofthe University Attogney, University of Minnesota, aneapolls,
anesota 55455. ) . -

@ 19u7 University of \’unnenota.. All nghfs reserved.

B .
.
R

-

* . -

e . b

-
\)‘ Yoo . . . A




-

’ . +
MINNESOTA MATHEMATICS AND SCIENGCE TEACHING PROJECT

v . Director .

. - DR. JAMES H. WERNTZ, JR. .
~ Associate Professor of Physics oo ' .
University of Minnesota ' o
. . % ‘ . ‘ ¢ .

B}

Introducing Addition énd Subtraction, Unit |1 of the MINNEMAST

., Coordinated Mathematics-Sciegce Series, was produced under the a

S ..., direction of Kay wW. Bla ir,’ Ph.D., and Polly Thomson Edmunds, B.S. ; ST

. . w1th‘rré)ajor contributions by E-t.heI.Clark, M.A., oand Iémes M. Kraby,

M.A. The editof was Leon W, Knight, M.A. " The cover was désigned-

R

byJackKabat:

) ~i
’ "o )
® o . . ) -
- . MINNEMAST ) : ‘ -
. 720 Washington Avenue S. E. ¢ ‘
_ Minneapolis, Minnesota N
) to " 55414 - L

R L e
1 g ..
l

. . " .
. . * N .
. N . .

N,C ‘ " ’ h
- . . o e N y

- -

— - - "
I: hd ‘
RO v voxc Provia © - - . - . ~ - hd




. . . ‘ ‘
- m' ’ ‘ r
. MINNEMAST STAFT-AND CQNTRIBUTOR:@ '
~ . N A
o v 1962 =1967 , .
4 " . " M
o . - e L ar o el .o v
Aftreth, Orville L Jjohnson, Li:rry K. ’ .. Rank, Benjamin
. ‘Afrens, Robert B. ) ’ johnson, Lucie Ragmussen, Loge -
Afmy, Millicent ‘ johnson, Paul ‘ Ratner, David = &
. . Arond, Naomi , Johnson, Roger . Ratner, Ellen
L Bacaner, Hadassah Jones._:rom B. Reed, Betty Jane | .
. _Bashkin, Stenley . Jurgens, Karen B.  * ¢ ¢ Reed, Elizabeth W.
’ Bengtson, Ry W.* .. ¢ "™ Kabat, Jack Reid, Maria

.Kadesch, Robert RY

Kelly, Psuelope L.

Mang arrie G. -

Klamkin, Murray S.

Knight, Leon W.

Knipe, MaryLouw -~ —

Koehler, fulton

Korhone, Diana L.

Kraby, James M.

Krogstad, Blanchard c. .

Landau, Thomas . o
. - Llandin, Edward R. -

La%orik, Wayne R.

Lo?:ganei:ker, Helen

Loyid hd
..vI.AGiﬁ T,

Lu-e, Marjory L. ] ‘j‘ .

Berry, Paul C.
*Bicrsteker, Joseph
Blair, Kay W,
Bugema, Carol .
.Braden, Charleg M. -
Bray, Edmund 5., ..
Burnside, uharle:;
Campbell’, Tames K.~ _ -
Clark, Ethel
Clark Julia
. < Cohn, Angeld
Cornette, James »
Davis, Edith R. .
Pawvis, J. Maxwell
oS, gottan BT -~ -

Dory, Janna M.

Rieff, Marilyn
Rising, GeraldR
Robson, Johin W.
_.Rogers, Lloyd V.
Rosenbloom, Paul C.
Ross, Carol _ ,
Rothstein, George J.
*Ryan, James J.
"Sayrafiezadeh, Mahmoud

Schmidt, Camillo *
Schochet, Claude
Schrankler, William J.

Schwabacher, William
. Self, william™E.

Shea thh;}bl

Shin, Barbara J.

igrap M..

Douglis, Ayron * v Lundin, Stephen Carl - . S1iegel,.Albert
. Dyrud, Grace'H. . Luttgen, Lucinda E, Snyder, Milton K.*
: * * Eder, Ruth Lyle, Charles G. e e = Sontag, Paul O.
_— Edstrom, -Suzanne M. Mackoff, Myra N Spees, Steven . .
“Eisemann, Naom! Mahoney . Lorna L. Stackpole: quard
. Fellger, Merill C. .- Martin,, Clyse - % ’ Stevens, Russell
.. Tilzen, Joscph * Maud, Ann o Stimac, Susan.

, ~ Fighleder, Jack Maud, Arthur ” . - Subarsky., Zaghariah
= Forseth, Sonia D. McCarthy, Audrey - Summers', Mary Irances
o Franck, Abe McCormack , Ruth Thomsen, Warren J.

Frost . joseph L. MeDonough, George "Thomson, Polly
Gallion, Z. T. * Mchullen, Warren ) ‘Thorndike , Rebert
Gardner. L. Terrell - ‘Miller, Judith P. -7 Tomsich,.Peter
- Giese, ‘Pauld \/Ioluor Theodare k. Tulloch, George S.
.Gilbertson, Stanley . Momns ., “Barbara A. Verbrugge, Lois M.
. Glover, Gwendolyn . i Muckey,.-Roy W. . “Yictor, Laurence |.
L _ Gotyfried, Nathan W. Muller-Willis, Lydia N Visscher, Pieter ‘
& " "Griggs, Richard G . Murphy, Jerald Vogt. ‘Elaine [
) Gud)onsson, Halllor \Aurray Lois E. - a Warhen, Arthur
"Harkin, IusephB " Myers’, Donald E. 3 - . Warren s David

¥ - .. Highland, Dorothy Myshak, Richard J.- . Wall, Lore

- Hively, Wells N Negaard, Frederick M. Weiler, Gregory M.,
Horazdovsky; Judith A ynhoudt,‘ Michael\. " Weitzman, Ronald A.
N ~ Hugus, 2 Zimmerman " Pagg, laura M. Werntz, James H. .
_Humphreys. Alan H. Pareny. Elame R.° _ White, Robert D.
- Isracl, Ben L. - - Phunne?, William C. .ot - Wood, John B

Israel, Joan s ptvar, Ma'lc?a&n ~ R Woodby, Lauren ot

. Jandreau, Paul ) 7 powell, Bonme Young, Sendra .
Iohnson pavid Gy | . Rabehl, Gevrge : . . )
"~ - 3 ﬁ\ ) . ° " ) - .
[ LY LY . ." - .
~ * e 7 b 1]
oo 1y .“' L d . -
-, ) ) )
. £ ]
. . - -
ERIC W ‘ '
e T : S L Ll | ™




N X y 1 - . o .
- > 1] - ° }
e - |
t . St - . kS » |
. \ CONTENTS . .
! Y ) , i ' ! v
Materials List for Unit , g - . vii
. " “ ] - . . ( - R ) . ‘ ) . ' .
) Introduction DA Lo I .
., "t " Section I, Introductlon to Addu:lon 6‘_\'_/
¢ ‘ Lesson 1 ’Introducmg the "a + b" Notatlon ‘ ’ 8
Lesson 2° Matching with Minnebars . ) H
Lesson 3 Imtroducing the Term "Sum™” - o 14
’ " Lesson 4  Intrdducing the = Slgn In Recordlng of ! )
. .= Minnebar Matching : : 16 “ st
. Lesson § Parthlonlng Counters | - 18 R
> Lesson 6 Practice Problems : 21
) " Lesson 7 ~ Commutativity of Addition 22
. ,Lesson 8 Joining Three Sets and Assoc1at1v1ty 24 N
. Lesson 9 Commuta tivity and Assdciativity with. 4M-innebaf5“"“:“2 6
a 3 g £y , R * . '
. Section 2, Introdu\,tlon to Subtro}t).%a/ N 28
o .~ Lesson. IO Flndlng the Mis6ing Addend . e ““-29
Lesson 11 Story Problems in Subtraction " - ‘ 32

-

Lesson 12 Introducmg the "a -
. Lesson

b" Notation
'3 _Writing Subtraction Sefténces °

33
36

L\egason I4 The Inverse Relatlonshlp of Addition and Subtracnon 38
Section 3. Groupmg, Even -and Odd Numbers, Arrays } 4~2_
.Lesson 15 Forming Groups of Children . 45
Lesson I'6 Grouping a Set of Counters into Equlvalent Subsets. 46
‘Lesson |7 Introducing "Even" and “Odd" 49
Lesson 18 'Introducing Arrays « B e S S4A
Lesson 19 Counting Arrays . . ~56
Lesson-20 Constyucting Arrays . 58,

. Lesson 21 Commutativity with Arrays’ | . . 60

" Lesson 22 Building Numbers by Repeated Addition 62
Lesson 23 Secret.Codes with Arrays (Optional) 65
Section 4. Introduction to the Number Line ) . - m 66

,Lesson 24 Introducing the Number Line

- 68
Story: "Skip's Trip? R .

70

.

Lesson 25 Locating Numbers and Counting Spaces on- the
Number Line,

86




-

(13

Y

I:
| - .o
:
“e © * .' .
. . . J‘ e
. “, . ) SN
! < - . AN -
Lesson® 267 Moves on the Number’Lme . .
T Lesson 27 Physical Activities . With the Number Line (Optional) 91
.. ‘ Lesgon 28 Length of Minnehars on the Nuinber Line
] Lesson 29 Adding with Minnebars on the Number Line, . 94
* Lesdon: 30 ]ommg Strips of Different Lengths on the’ Numbar «
o, o Lm T : 96
, _ Lesson 3l Subtrac 1th meebars on the ’\Iumber Lme 98
" Section 5. Introdut:tlon of Numefals Through 99 100
‘“ ~ Lesson 32 Groupmg Gax’nes ‘ - 102 -
Lesson 33 Grouping Minnebars by Twos and Threas 104
Lesson 34-.The One's Place‘and Ten's Place ! 107
: Lesson 35 Number Words from 20 to 99 109
’ Lesson 36 Two-Digit Numbers and,Countérs . 1
— . " Lesson 37 Finding Groups of Ten on Worksheets -~ “_._,.'__ 113
.- "Lesson 38 Penny, Nickel, and Quarter Game
T 3 . Lesson 39 The Hundred's Place (Optional) 117
v : Lesson 4Q Représenting Numbers on an Abacus. 19 .
W Section 6, Supplementary Games® 4 . . . 121
- " Gameé A Trains. : ‘ o122
. .Game B .Exchanging G@me * T r27
e ‘Game C Bulldmgs : - EYE oL . 129
. . e
. “ '

88

1S .|




totel number
required to
:teach unit

. Complete List of Materials for this Unit

-

(Numbers basd on class size of 30-) =

+ .
- i ad
- . - L

Jtem ‘R

© -

30
|

’

3-4

- 30

1500

100
30
21

*30

30 -

s

~ ** number cards, red,

Ty . . 4
« v - . ~

*# Student ‘Manuals
flannel board

setg-of objects, for.flannel board
.4 :

< -

set of numerals,,
,flannel board.. c

-10, anda+SLgn for A

ok se'ts of anebars

-

- * 3

* counters ~

*rulers

" pieces of 9"-x 12" construction ‘paper -

Lo

sheets of paper
~

crayons

bag .

*pegboards with 20-30 pegs (preferred)

600 counters

. et -

ve an i e

k% éicture of Skip

e

* number cards, black, 0-10

** house pattern

-3

-4

pieces of 8" x 10" cardboard

roll ,of masking tape

>

v

.

. . lessons in

which item
“is u

18

1,3,

18,

”»

2,I4{I7

40

;‘I

12,

sed -

-

-

14,
,‘f)

°

i7,

.
*

2,3,4,9,28,29,
«31,33,Game A,
‘Game B

5,7,10,11,13, |4
|6,2|,22,zz,34
35,36,39 '

5

%©7,8,21,Game B

9
4 ¢

14

20

P

-

© 2425
24,25,26 -«
24,2526
24,25

24,25

24,25,28,29,31




. i " [ '
RV strips of.héavy paper " . ' - 26
- ! .> long number 'line on floor ‘ , . 27
PO 30 - * number lines Wlth about.,ul“ spacing ' .° . " _27- -
t
30 - number'hne 0-20, (I/2" spacing) (tad(l{rom 28, 29 31, GameA
el ) : *¥**slide rule) - S
i ' . 30 - . scissors ’ o o > L 30
T chokes of crayons’ N 30 .
i50 small paper cups, *souffle (optiona.l) .- , 34,39 , -
. . 'l . R
0 I .set of numeral cards, 0,26,30,...to 90 35 8
) 30 - tagboard "bingo™ cards with assorted numerals 35
J o . 0to 99 _ e
30 . . sets of play money: 50 pennies, 10 nickels,
| ~. ) 2 quarters
- 10 s *shalfow trays- “
| * abacus
fow I / deck of number cyrds, labeled 1-30
, I large piece of cardboar <
. , 30 s + sheets of graph paper, /2" squares®
* * . ' P ‘ - ) ~, R . ‘ * ,\"
- . ¥ kit items as wellas .. . } . T B
¢ %] 4 .
! *# printed matérials available from Minnémath Center, -
R 720 Washington Avenue S.E., Minneapolis, Minn ¥ 55455 ..
. * X
., . *** gvailable from The Judy Company,
. 310 North Second Street, Minneapolis, anesota 55401
. § TR - ) _
\\ 4 : : - ] "ﬁ ‘\ .
\ .
A / o [y v
7 t \
. ~ s
- > M [




~

-

R

SUMMARY OF CONTENTS

.~ This unit

.— An int

“¢TRODUCTION

LI -

.

4 A .
contains:

- ?

® . o
rodudtion to addition and

14

- R h

subtraction of the counting’

numbers interpreted in terms of sets of objects., _ D

— An introduction to the number line, a useful model of the °

“ real number system, which the children will use

A)
.

b

\

attrou hout =~
the remainder of first grade and in subsequerit grades.

{

- Ap'irit_roduc\io’n to the number % ana,‘ optionally, to othe} N

-n.simple fractions. e

PR — Activities that illustrate place value and the decimal SYSs -~
tem of numeration from 0 to 100 and, optionally, to 000 ~

BACKGROUND . ©

Te

0"

«The major topics of this unit are discussed below.
talled comaments are at the start of.each septlohﬁ :

L3

Addition and Subtraction
\ s 1Y

~ . Y -

L

.

e
.3

More de~

-

»

-

R
-

Addition of the counting numbers (i.e., I, 2, 3.4, ....) can ) .
. ' be introduced in a way that has.great intuitive.appeal: .namély, . . *°
o " by interpreting a sumras the number of members in a set of - E
: . objects that was formed by joining two disjoint sets qf dbjects. TR

“ (Disjoint-sets do not have any members 4n common.? \'S%imi- )
larly, subtraction ¢an be introduced by interpreting a difference R
as the number of members’ remaining’in a“set when somg of its N L
I ' members are removed, Teachers have traditionally ysed these « | » "= L
ways of introducing add}t‘ibn and sub_traction, althoug{ﬁ they, ™ . . . R

- have not always spoken of sets, . R : ¢

i . ST ) :

5 . N
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|
. . However, «ve must recogr;i:ze that a child will be introduced
' : . to several extensiors of the number iyster'n during his elemen-
tary schooling. He will first meet the counting numbers (the
positive integers sach as 2 and 17); then he will buccessively
e e e . - .encounter_the number zero (0), the nethwo _integers (such as
the irrational numbers (such as T and /_)' Taken togeth

. these types of numbers are called the real numbers.
b . . ) \‘ ) . ) '

S countar—But-a—moment's reflection will show that this is not
the case. For example how corh\;! one give a set interpreta-

Sl tion of 5+ 7, or /3 - %, orevenof2 - §5?
. There. is, however, an interpretation of addition and subtrac-
' _ tion other than the set interpretdtion thab\ s valid for all real

s * numbers.” This interpretation relies on the numbeér line repre-
‘ sentation of the real numbers. '

. -’

Q2

- Because of the great intuitive appeal cf the set interpretation,
. and because many first-grade children are already fdmlhar with

it, we will begm the study of addition and subtraction by means .

P . of sets. The operations of addition and subtraction will be

( . "Additfon and Subtraction. The two interpretations of addition
L and subtraction using sets and number-lines then will be
’ "developed in parallet, and the child will be encouraged to use

whichever is better for a given purpose « e
The Number Line . - ) -
- . ~ 7

The number line is a model or representation of the real num-
- bars. You will recall that the word "line" implies an infinitely
long straight line. There-are an infinite number of points on
- - ' . any segmevlt of the line. Each point on the number line corre-
] sponds to one rea! number,. and each real nunmiber corresponds
. ‘ to one point on the line. A certain subset of the points on the
' number line represents the positive and negative integers and
, zero. These are usually the points that are labeled on a num—
" : ber line; ‘ % -

~ 3

s K

&
+ ™~

” ~L
-1 0 1 2 3 4

W -3 and -198), the fractions (such as % and -5), dnd"‘“e[_*'—*_— e

. . developed on the number line in Unit 13, Intergretations Of | Trow

¢

N

Pl
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The number line allows oné to visualize the ordering of num-
.. bers. If the line is in the «customary, but not required, Hori--
zontal position, the convention is to hove the numbers be- o
. come greater as one maves to theﬂright: Thus; -8 is to the

left of =3 becausa -8 < -3; and 9 is to the right of § because

= 95 —(Nofer—r8 <--3-is read-—8is-less-than -3, and-9-> 5 — | s
is read 9 is gréat_er.than 5.) ' ) ’

On all the number lines printed in this unit, the spacing of the
integers is made uniform. The uniform spaging is néeded
when lengths are measured and combined on the number line. .
However, when numbers are s umply being ordex:ed of¥ che line,
or when certain points are being counted on the line, at.he uni-
form spacing is not necessary. Thus, 1in certain activities,
. the children need not be required to make careful measurements
to produce uniformiy spaced intervalg, ’ ‘ )

e . . 2 .
lhere is an analogy between how numbers are related and how :
points are located on the number line. This is the reason one

o can add and subtract on the line by manipulating lengths. For -
example, to add 2 and 3, a length of 2 units and a length of
3 units are placed end to end Starting at the 0 on the line and
the total length is determined. In exactly the. same way, num-
bers such as 24 and 33 can be added.,

N

+ You may wonder why the number line concept is .considered
. . important for young children to have. Four reasons may be
given;
X . 4“ . ¢
e . The use of the number line provides a simple procedure for
. obtuining' correct answers for all addition and subtraction
, ‘ problen’is that the first grade child will encounter, Even very “
young or slow children can find answers to problems that
might be beyond them if they had to master complicated rules. “
For example,-a subtraction problem such as 27 - 9, which
would require "borrowing" or "“regrouping, " can be solved by
a simple counting procedure’, - . ‘ !
o } ). ..
v -, 2. Although only a few children will be able to describe in
) words the analogy between number relations and relations.
: among points on r"e.number iine, we hope that all children
. will gain an intu:uve feeling for it as they use the number
e line. This feeling should help them to understand how addi- .
> tion and-subtraction are related. . — i .

. Iy
. 2
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.3. There are many physical embodiments of number lines with
) /’\ which children work in their daily lives and in their science les-
sons. Rulers, thermometers, and scales on measuring cups
are some examples, Clock faces and instrument dials can be
x p thought of as pieces of a number line bent into circles,
4. The nu number line will be useful in later'grades. It will be
used-in the ¢ devVelopment of the concents-of multiplication,~ .--
. division, fractions and negative numbers. -

The correspondence between numbers and points on a line wili
N be extended to the correspondence between pairs of numbers
) and points on a 2-dimensional plane. An example of the ex-

tension to the plane is a graph showing a relationship be-
i tween the time of day and the temperature. Such draphs will
- be made by the children in later jrades and will bé encountered
¢ . ’ tnroughout their lwes.
_Fully exploi‘ted, the correspondence between number relation-

" ships and relationships among points will lead to the,ideas in
analytic geometry and calculus, which dre“powerful mathema~
tical tools for the scientist and mathematician. Most c¢hil-. 3
dren will never study’calculus, but those who do may. find i
their study easier becauée of the concepts they have developed.

NOTES ON TEACHING THIS UNIT

» i

This unit is divided into five sections, each’of which empha-
sizes a particular topic. The sections are divided into les-
sons. Most lessons are planned to take approximately one
class period. It is expected that generally two periods a day-
will be spent on MINNEMAST mg&}é}ls You may choose to

3 teach Unit-11 by itself, or you I y*;choose to teach it simul-
taneously with Unit 10 or Unit 12, It is recommended that
one unit be well started before another*unit.is begun.

i L

Many addition and subtraction combinations are included 1n
the unit. The lessons attempt to provide all children with v
. - methods of finding these combinations without memorizing
. them. There is value in memorizing combinations after the
A . child has a good concept of both-the set and numbeg line in- -
. terpretations of addition and subtractlon, but we urge you
not to require memorizatjon at this timeg. Of course, many
children will learn certain combinations as they work with

, them in the unit. .
r

' , 15




NOTES ON MATERIALS

Counters are often called for in the lessons. Any small,
easily available objects may be used for counters. Examples
are pebbles, .paper clips, pennies, checkers, pegs, paper
disks, small plastic figures and marbles. "It would be fun

for the children if they could.sometimes use attractive ob- .
jects 3uch as flowers, leaves, or shells as counters. It is
desirable that the same type of countéer should notalways be
used. Sometimes a combination of different kinds of counters
should be used within a single. set, e.g., checkers and paber
disks.

Minnebars are agam used in this unit. The games and actit-
ities with the bars expose the children®to various mathemat-
ical procedures and concepts, Although the children may not
often verbalize their thought processes as they manipulate
the bars, they are using processgs of mathematical logic in
addition, -subtraction,~doubling, and numeration. These con-
cepts are not taught directly'but are almost.self- taught
through discovery as the children use the bars. )

-

R

ad

In several lessons the colorsqas Well as the number of units
of Minnebars are given. The colors are useful in explana-
tions, but your Minnebars may not be similarly colored. If
this is the case, use bars with the proper number of units re-
gardless of color. '

]

Nature Worksheets. lCertain worksheets in this unit use ex-
amples from nature. By looking at the illustrations while ,
doing the arithmetic and in their free.times, the children can
obtain much information. The drawings $hould help the chil-
dren discriminate among the forms.of variotis plants and ani-
mals. Examples of concepts indicated by worksheets are:
different animals have different food-and habitats, different
animals move and rest in different ways, and one plant will
produce many seeds or fruits. These concepts need not be
formally taught;. however, if children are interested in a par-
ticular idea, dlscuss it and possibly have them find more
“about the subject in reference books :

L
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ISl (NTRODUCTION 70 ADDITION - '_ -

This section presents the idea that sums of cbuntmi; numbers
can be interpreted as the numbers of elements obtained by
combining disjoint sets, and gives practice in, computing the
sums of small numbers. ‘

3

COMMENT

- BACKGRQUND > .. R

.

In this section, sects of objects are used Lo introduce addition
concepts. Tor example, to establish the fact that 2+ 3= 5,
sets contabining 2 objects and 3 objects are vc‘onstructed.
These two disjoint (separate) sets-are joined and the total
number of objects’ is found to be 5 by counting. Minnebars
are also used to help the children sec addition relations. »

. The objective of this section ig to have the children under-

" iar to them.

&

.

stand the method of finding a sum by counting the members of
the union‘of two sets and is not to have them memorize the

addition combinations. Although the children are not ur'ged at
this time to memorize the addition comtbinations, the practice
with sets of objects should*make certains.combinations fani.]-

p
N -

.For any numbers a and b, "a + b" indjcates a certain n\umber
that we call "the sum of'a and b." We read "a + b" as "a plus™"
b." Here and in several other plaCes in the unit, a and b are -
used to represent arbitrary numbers. Hence for‘a + b one could )
substitute 3+ 5 or 127 + 29 or aay other combination of num-
bers. [ . ’
It is important for the children to learn that "a + b" can be con-
sidered to be the name for a number, ‘as well as an instruction:
"add b'to'a." One reason for this is that later they will see
-that different namesv for the same aumber may be freely substi-
tuted for one another in any matHematical expression without
_changing the expression. For example, "3 + 5" means "the
“sum of 3 and 5. " They will leafn.that this number is also re-
ferred to as "8." FEarly recognition by the children that "3 + §"

v
»
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. 7 "S+ 2is 7" and, later, "S+ 2=.7", and still later, 5% 2 = -
. ’ . 3 + 4. - . -

s . Y
- L .

RN,
3%

“2’ :ngu'.: &

s

T

»

3
i
k]
3!
3
i
H
!

:;LA (€]
fr 7 g giigﬁ“

{g(.fw»,

\.u“

N




= iy e Y

Lesson': INTRODUGING THE "A + B" NOTATION . .. ....". . .°

) In this lesson the number of members in each of fwo sefs.is.
U . »recorded The two sets are joined and the number oi members
' ' _ " in the combined set 1s recorded n two forms -- for example, ™\
as 3 + 4 aud 7. The combined set is the union of two dlS]Olnt
sets, but.this term- lnology will not be used with ch lldren at
this time. (The sets are disjoint because no object belongs

~—

to both sets. ) - : T
MATERIALS ' . s
2. — flannel board _ -0

—~ for use on flannel board:, two sets of objects, the numerals
1 through 10, and a + sign

) — ‘Worksheets 1, 2, 3, and 4

PROCEDURE )

"

A. On one side of the flannel board place a set of 3 apples.
Ask some6ne to put thé proper numeral under the set. ‘Place

. a set of 4 ducks on the other side. - Ask someone to put the
proper numeral under this set. (Of course, other objects may
be used.) It should look something like this: =

S

N ) ‘ - . A A ..\- i
.. :

t

o

Ask someone to join the sets, Explain that joining two sets .

mean’s that the two sets are put together to make-one new set, O
Each of the apples and ducks belongs to the new set, Place '
& +. sign between the 3 and 4. Read 3+ 4 as "three plus

four, " and tell the children that 3 + 4 is a name (or symbol)

for the number of members.in the new set of apples and ducks.

~l
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Now suggest that'a child count the numbér of members in the ~-.

new-set, * Then you can say, "By counting the members in the*
new sat, we found that it contains 7 membérs. Now we have

two names for the number of membérs in the
“one name and 7.is another: "

. Repeat the abcve acti'y_jty'with several other combinatigns of
sets on the flannel board.

oi flannel board objects.

.

new set, 3 4 4 is

<

B. The joining-of sets may be varied by using children instead
Have two sets of children come to

-7 either side of the front of-the room. Havé’a child write the
" number of children in each set on-the board, say 2 and.4.- Ask -

the sets to come together. - Have a child write two names for

the number in the jéined set (2 + 4 and 6) on the board. Re-
peat this with different groups of children until all ha ve had

a chance'to be in'a set.
- " “tice in writing the + sign,

binations.
)

Some children m

<&

e
T—
~——

\\C.\-\\ALqr\ksheets I, 2, 3, and 4 should now be used. In the
. . workshee\tws*the\ty@\names for a combined set are found:by
counting. This is not'the-time for children to memorize com-

R

ay need extra prac- -

-

Worksheet |
Unit 11

Name

< -
Write a name for the
number in each set,

Write two names for
the nimber in the new
set,

)
230
v @

e#h-
u®-

-

2 ' 3.
R
- ¢
Qé :l: k;y ‘:n\
T s}',
4- 5 4G

‘Worksheet 2

L Unit 11 Name ~

‘Write a namé for the
number 1n each set,

Write two names for
the number In the new
set,

1

-
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Worksheet 3.
Unit I} * Name

Join the two'sets ¥

Write two names for the n

umber of members 1in

" the new set, = L
Bx00 | [0 1w
X 100 O
+ 4 ’ 241 3

ees

Worksheet 4

Unit 1! Name .
o

Draw both sets in the bdx.

N

How many niembers are in the new set?

»

¢« 1+ 3o0r4d

v 3
o 1[0 [~
o3y |l
2 . 5 2+ Sor,7
AN -
4 2 gl%or6
3

3%+ 5o0r8

N
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s Lesson 2: MATCHING WITH MINNEBARS-

The matching of two bars, one of length "a" and one of length
"b," with the single bar of length "a+ b" has two different but
related Interpretations. We can say that the set of a units and
the set of b units have been joined to form the set contalning
a+ .bunits. (The units are the square$ marked on the lvlmne—
bars.) Or, as a forerunnez’ of the number line, one can say
that the length of a wunits Jomed to the length-of “'b units
gwves the iength of a + b umts The activities suggested

. here are intended to give the children a feeling for both these

. v

interpreta fons,

The children probably will not express.these - A

ideas in words at first,

they seem ready.

nor should they be urged to do so until

- B v . This l‘»swnc’qlso reinforces, the 1dea of a number .having two
, ] nam S, . ) . . . .
" MATERIALS : ’ _ _ 4
) - d:sct of Minnebats for each child‘_ - ' ' " o
S PROCEDURE- | oL \

32
’ 3

- [N . —————

The varlous activities suggested may be done by an entlre
. ; class together or by small groups. Feel free to choose cer-
) tain ones and to’vary them as 'you wish. You will probably
demonstrate each,activity once or twice. The demonstrations i
' may use an overhead.ptrojector. or Minnebars taped on the _-“;
o "~ " DPBoard. Givethe children plenty of time for manipulation and
¢Xperimentation. .
A, Place two bars of different lengths side by side.

v

e - -

+

o9
()

L

- . - 11
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» . ? 2 ; N
. i b ¢ A
A Ask the children to find the thlrd bar that, when COmbmed with *
v . the shorter bar will match the 1ength of the longer bar, ’ .
. . .
S T ———T— . L
- S —— . ' 1 ' [ ) | S
Ty R S } -| - . ' R . .‘
- ' : ] [ r ] { K . @ = -
. -~ ¢ T .' ’»-: - \,‘j _ . ol - E hd
) . - ; ; Yo : ' B : . -
N ! 1 1 1 s | .
- . T R w‘ i
-~ .0 . “ - ] . - o \
. B. Place two bars,. each no longcr than 5 umts “end to end - ‘
. Ask if the child cah "match" thlS pair_ w1th just one bar. et g B
* PR
o \ : R N -
. 1 ' 1 | ' e
. R f ' | ' b | ! | 1 ~ v e .
‘ ~ ) ] | S N ! : ! : ' » G .
’ B : : 1 Vo i T - :
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” ‘ » ~. ) } y
. - R -
- , . e < - ‘
) C. Ask the children to match one. long bar with several shorter \
. ) bars. Any combination of shorter barg that match"the longer
T ‘bar.may be used. For exambple: :
0 1 T T ry - T T . AY !
t Vo M : , ' X -
* 1 1 . L ' ) \ ' : 1 .
T : = . <
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Thl.S could be used as a game for two-or more chlldren They N\
see who can’ match a long bar in the most ways. . * - .

D. Ask the chlldren to-match a 10-unit bar, for example, y
usxng just one color! Can they make the match with.' 2 bars
of the same color? Wlth 3 bars of. the same’color?

.. . ’ ~.
-

Try:a 9-unit bér and an 8-unit bar.

Most first graders have an idea of “one half" but to many the s
concépt may not be clear. Many will not be familiar with the o
symbol %.. This is the first of several places -in this. unit
“.where' "one half" can be consxdered . v .
When the 10-bar his been.matched by two S-bars, point out” :
that the length of. either shorter bar is % the length of the . o
longer bar. erte-é on the board and explaln that the length : ey
of elther short bar is 1 of 2: Qqual parts of the entire length ’
If you feel the children are ready, they may consider other _ A
fractions.. For example, the 1ength of a 3 -unit bar is ¥ of o
the length of a’ 9-unit bar. . .

- ¥
*a

(Note: When you wr1te L, or any other fracthn, place the
" humerator dlrectly over-the denomlnator rather than sep-

arating tke numbers with a dlagonal llne, ke, , l/2 C o

Encourage the children to do this," too ) . o S

- 2

£ The experlence.,_ln the above activities can also be ob-
tained in a less formal way by playing the first few sections :
of ta2 Irain Game found-in Section. 6, - -




. .. Tesson 3 INTRODUCING THE TERM "SUM" T S,

' . . This lesson introduces the term "“sum" and gives practice in

N PN y s .

. & giving two names for a sum,
s . -

o

. . MATERIALS

: g ; /
N T e . . . )
i " - " — several sets of object pictures for flannel board or chalk~
S board - o : - -
& , *\\ . ) "
T ~ — Minnebars ' & _ ‘N

— Worksheets 5 and -6 . .

- -

. .. ¢ PROCEDURE ‘
A. Lead the children in adiscussion something like the
following: : ’
" . MR. SMITH IS THE NAME OF A MAN. (Use'the nan}‘é of
i : your princigal.). HE HAS ANOTHER NAME. WHAT IS IT?
' (Principal of ‘School.) Write bo&b on the .
A ‘ board: '
Mr. Smith Principal . R
\/ . . N ‘ !. .
) . . SINCE THESE ARE BOTH NAMES FOR THE SAME MAN, WE
:' s CAN.SAY/ . « : ‘ -

°

MR. $MITR/IS PRINCIPAL.

X PresidentYof the United States, or Mrs. Jones (Ann's .
mother). \ ) - S .
B. Place a'set of 3 objects on one side. aof the flannel board "
“ or chalkboard, and a set of 4 objects on the other side. Have
. a child join the sets. Have.another child writé on the board \
: two names for the number of .members 'in the joined sets: .
—_
‘"\_\:\“ . 3 + 4 .7' i “‘
kY : . \\\\L_ - - . .. \\ "
- , N \“\\ - . .-
~ ‘“\\' . > N
14 i T ”\3 ’ ) e {
’_ ~ - '* “\‘ - -
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A

bINCE THESE ARE TWO NAMES FOR THE SAME NUMBER

WE GAN WRII;: JUST AS WE DID WITH THE NAmgs or THE
" PRINCIPAL,

: wﬂ» T
s ¢ - R I:‘. .
:g . t et
. 3+ is 7, e
' , . . ' % (.‘t.‘é"f:’
Both 3+ 4 ange7 are called the sum of 3 and 4.., N4
'y kY

R -

C. Repeat B with sets of Minnebars, Possibly the class
could write the names for each sum on paper and check’ them‘
wi. the result written on the board by a vofunteer.

.
L3

D. Have the, chlldxen do Worksheets 5 and 6 It is expected -~
that the child®n wildstill be counting to f1nd the number of
members in the combified set. If you. preter, you may have

the cmldren copy the plctures rather than <cut and paste them.

~- > ; »w

k]

Worksheet 5

¥ SR TP S . T ’
Workshget 6 a
Name_- o> . ° Unit W1 ! Ndme.

Unit 11
4 “ \ . “ . B
Look at each picture at the bottom, vl Iook at each p;cture at the bottom . N,
Find a number name for each picture, -Find @ number nome for cich prcture.
Paste the picture 1n that box. Paste the picture n that box.
Wnite another number name on thg lme. Write andther number nane on the line. .
- » ~ " ~ s
- ' ' M ' .
1l a2 ’ LAY
L) M \
- ) - K] : ’a
< . = ~
4+ 41s 8 3+21is 9 ) 2":415 b 34+ 6 is 9
3 o K N
o~ ~ N . .
¢ N ‘\
N 3+42is_ 4+ 3 is 7

- e em . M ah G e - . -, wtm m— e

(L
-
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{esson 4: INTRODUCING THE = SIGN IN RECORDING OF

,‘-f . I\/Lmnebaromatches by writing number sentences.- Worksheet 7 ,
N ' " shows the exact size of the ‘Minhebar to be matched On ~ '
; N - Worksheet 8 and 9 the drawing is reduced in scale requrrmg “ )
: "] st the children to find the correct anebars by focusing on the
- g ’ number of units rather than the exact length. .
- " MATERIALS ‘ . o :
. . :‘ b4 N ) - - ¢ . .
) h for each child: v v ‘ -
« ‘ ’ ’ - /‘\ "
v — Minnebars ~oe G . ‘
— Worksheets.7, 8,"and 9 -~ !
e, \‘ . . -
PROCEDURE

N T TThe = 51gn,15 used for the first time in this lesson. The ma-

. more formal isanner. The children are asked to record the A

_ T : e o L L
" } Have each child put a five-bar from"his box on his désk, ahd S

MINNEBAR MATCHING - ' .

- . -

* mpulations with Minnebars ity Lesson 2 are repeated but 1h a

N L -
i 2

- then put a four-bar in front of the five-Jar. Ask them each to
find a bar to complete the match. Have a child write the num-
ber sentence that descrlbes this match 6n the board It might
be written as: . ) .

.

4+ 1 is 5 or 5 is 4+ 1.

1~

Tell the children that there is another symbol that is often
“used in place of the "i is s" in the number sentence. ., It'is the
= gign. If the equal sign is used, the number sentance tell-
ing about the matching bars is - ’

.

-

4+ 1 =35 (read "four plus one equals five") or 5 =4+ I.

)

Challenge the childrén to use two bars to make as meny new .
matches of the five-unit bar as possible. (1 +4=35, 2+ 3=35,

3+ 2= 5) You may need to help.-some children by suggest-
ing one of the two bars. Have children write number sentences

to describe the matches on the chalLboard

27
5
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The children should nO\’be
, ready for Worksheets 7, 8, and
. 9, which ask them to use two .
bars to find matchés for a bar
c of a given number of units, ©On
© each worksheet there are exaccly
2rough blanks.to record every
posgsible match using two bars,
o * (Thus, the combination 0 + 6=
. 6 will not be recorded in ‘this
' lesson.). Explain that oh Work-,

~y

. v sheets 8 and "9 the picture. .of éhe

Minnebars to be matched is not
the same 51ze as the real bar but
has the same number of umts

F_Works heet 7

Unit 11 - Name

Put your 6-unit Minnebar on this paper.
Make as many different matches” as you can
with two bars.

Write down all the number sentences.

-

. 3 ‘+ ’__3_\ = 6 .
ﬁl w’. X . ° ‘) . °
b * : ¥ 2 + 4 =6 e
<7
‘ - ¢ —
: o 1 +_s5 =6
- Worksheet 8 o Worksheet 9
A ' Unmit 1 Name Unit 11 Name
. How can you match a 9-unut bar with"g’@/_ other How can you match a 7—unit bar with two'othef
T Minnebars? - Minnebars? :
, N [ [ 1]
LITT T TTTT] : ‘ . .
" 8 + ] =9 6 + 1 = 7
4 + 2 =9 15 +- ‘ 2 = 7
R 6 + 3 = 9 ’ ' 3
4 + 3 =7
. 'S +_4 =9
& :
P o+ 6 =9 2 4+ 5 =7
r ' 2 + 7 = 9 - » 2
C. 1 + 8 w9 Il + 6 =7

et
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Lesson 5: PARTITIONING COUNTERS

This lesson is planned o strengthen understanding of sets -
and subsets. It provides more practice in fmdmg and record-

1ng the sums of small counting numbors -
?

<

MATERIALS
for eéch child;

— 9 counters

[

~ ruler

-

~ Worksheets 10, 11, and 12 ,
PROCEDURE

* Have each child put S counters in a row on his desk. The
other courters should be out of his way. Tell the children
~they will Use their rulers to separate the set of counters into.
subsets Mgm each to find one of the ways to separate
0. the counters. Have one child draw on the black®oard a pic-
. ‘ture of the way he divided his counters, It might look like

this: o

o~

Ask how many counters are on each side of the rulet and have
the 2 numerals recorded under the drawing.-

_— Ask a child to complete the number sentence that _descriBes
this combination, -

2+t3=5




I

(

'E

RIC

Aruitoxt provided by Eic:

L

.

Now ask other children to record other pessible combinations
on the chalkboard in the same way. You may have td point
out the zerc combinations by asking what combinations would
result/ from placing rulers, infthese positions: | *

Have the children record all these matches in a column arrange-.

ment,

24+ 3
4 4+ |

3+2=
0+ §=
| + 4=
S+ 0=

N
5
S
5
5
S

SO0 .

H

<

'
-
h

00000

B

-

When they are satisfied that they have recorded every one of
the sentences, tell‘them that they have made a "table" which

tells all the possible combinations of two subsets totalling
five. ’ .

When they understand this, *have th&m proceed with Worksheets
10, 1}, and 12,

.

19
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Worksheet 10
Unit 11| Name - ¢

*wWorksheet 11

¢ Unit H) JNa,me
Make a table fox; 6 counters. Make a table for 2 count~zs, .
L6 .+_.0_ =6 0 _+_ % =2,
g + 1 =6 1 + 1 = 2
4+ 2 =6 2+ 0 =2
3 4- 3 = 6 Make a table for 8 counters.
2+ 4 =Q _ 0+ _8 =8
1+ 5 =g ) 1+ 7 =8
0 +_8 =6 8 2 +_ 6 =8
. Make ‘a{.table for 4 counters. Z ::: Z :-—" 8
4 + 0 = 4 e ~ 8 ;
) 3 + 1 -4 S + 3 =8
2 +.. 2 -4 - 6 + 2 = 8
1 + 3 =4 '7 o'+-': | = 8
L0 _+_4 =4 8 +_ 2 =8
i Worksheet 12
Unit 1} Name _
- ., Makea table for | counter. .
M. « 0 + 1 = |
1 + 0 = |
- ? Make a table for 9 counters.
0 + 9 =9
1 + 8 =9
- 2 + 7 =9
3 + 6 =9
3 : (4 +_5 =9
s + 4 =
6 + 3 =
7 .+ 2. =
8 + 1 =
! 9 + (0~ =9

P
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¥ Lesson b: PRACTICE PROBLEMS .
. This lesson provides more prac- " R
tice n finding and writing sums. C e e
MATERIALS
C . -
-~ — Worksheets 13, 14, and 15 _ »n’
i -
PROCEDURE
¢ .. . Tre '"or-nrq cwl s‘n't- 4 TR'S MeotaTian,
) The material of-the lesson is o S e -
completely presented by Work- 4.+ 3 = 7
, =
sheets 13, 14, and 15. You . . :
- wll probably need to readthe ' :
' Kbt b : ‘ <oy d<iper-
worksheets to the chaldren. Be PP Sy
certain that each child answers Bafier dagpey
+ the question."How many"*with_ 4
an equation (such as 3+ 2= 5, c Fe IMoungihate 7 wmeniies
or 5= 3+ 2) and not with a " B T A LI . S
A single number (such as 5). ‘ ’ '
i} ( . ) 7 + 8 =15
c - - oo o ~ are e
%’! " ﬁ !*‘! v
< A
; | |
L2 +5 =7 I ite 2 Sver Homacaere-
i - Hoy many flowers do I see?
7+2=19
,// N . ) .
WL < -
T T I. % .eed tre o the from! foot of *re sa‘arander,
L:{ﬂ:‘;_—z«. = 6 !mewre“: ?_oggso;":otrxxosgg:k foot.
. 44 5=9
3 2 ‘ - 21
- .
N \
Q ' :

ERIC

LI A v 7ex: Providd by ERIC
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Lesson 7; ‘COMMUTATIVITY OF ADDITION

- The addition operation is commytative. This means that two
numbers may be added in either order and the sum is the same
in both. For example, 5+ 3= 3+ 5. The idea of commuta-
tivity, but not the word, is introduced here. Since this con-
cept will be repeatedly treated in ®this unit and later units,
complete mastery is not required in this'lesson.

’ " MATERIALS

for each child:
"~ 6 counters, or small objects

} ' - 9" x 12" piece of construction paper
—~ Worksheets 16 and 17 -
PROCEDURL

- Givé each child a piece of constructioﬁ péper. Have him fold
it down the middle, unfold it, and make a line on the fold:

"
~

00| o ﬂ
00| O | ‘

B

. .. Ask each child to place 4 counters on the left side and’'2 on
the right side. Have someone write the names of the com-
bined set on the board:

4+ 21is6

4 . . ,
yon) | |
: Ask each child to turn his paper so the set of 2 is on the left
side and the set of 4 on the right. Have another child write

- the new number sentence:

2+ 41is b6

-

s
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13 :
Help them to see that the number of counters in both cases is
N the same and, therefore,

-

44+ 2is 2+ 4 . i

The children could also leave the paper and counters on the'ir .t
desks and walk around to view them from the opposite side.

»

-

Repeat until the class is ready for Worksheets 16 and 17..

. )

Workshedt 16~ . - Worksheet .7 ’

~ Unit 11 _Name ’ Unit T Name
W;xté a name for the number in each picture. 1 write a name for the numk;er in each picture,
Then write @ new name for the number in both Then write a new name for the number in both -
sets of pictures, . . . sets"of pictures.
N{AA AN S [ Fwk] [ x| JH
34 2 2+ 3 > -3 _+ 6 6 + 3 9
iq@@ &Y {9 N .“ix
. “, 1 Ve L%y bV
5 + 1 1 4+ 5 6. 4"+ 0 0 + 4 4

I/D O
O
=
"4'
|3, :
ul®)
=
S
=
g\

7
|
W
W
=
M
&T

<825~
YEOYC)

3 3 + ¢ 12
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Tesson 8: JOINING THREE SETS AND ASSOCIATIVITY ' \

\

This'lesson mtroduces the associative’ principle that states-
(a+ b)+c=a+ (b+ c),-where a, b, and c represent any n num-.
bers.. - The expression (a + b) + ¢ means that the sum a + b is
first found and then c is added to this sum, whereas in .
a+ (b+ c) the sum b+ c is_found first.and then the sum.is
N added to a. For example, (3+ 4)+ 2-7+ 2 =9 and
L 3+ (4+2)=3+6=9. .
It is this principle that gives meaning to the expression a+ b+ c,
for it says that we may add.any three numbers by grouping and
- _adding them as we wisk Although it is desirable to present B
this lesson to the chilaien, some may not master the -concept

. at this time.\. .
» R ) i ) .~
MATERIALS / s
7 B X w.
> to stand on chalkboard ledge: .~ ¢ ' 4 -

oo ~
— set of 6'objects cut from construction paper

— set of 7 objects cut from construction péper

PROCEDURE ‘ ] a
| -~ Separate the set of 6 objects into subsdts of 3, 2, and 1.
Stand the subset of 3 on the chalkboard ledge. The subsets
of 2 and | should be placed on the.window sill and your desk
(or any convenient location so tbey are easily seen).

“ Have one child bring the set of 2 from the window sill and

. ' place it to the left of the set of 3 on the chalkboard ledge.

‘ Have the namgof the number of objects in the joined set
written as 2 + 3 over the objects. Tell the children that before
the this® set is joined with the others, parentheses will be
placed around 2 + 3 to show tha\the sets containing 2 and 3
were put together first.

'i

_ (2 + 3)
, oo coo




Ask another child to bring the set of 1 and place it to the right
of the other sets. Have a chlld write the number »f this set
above it. (1) Have him place a + sign between the sum-

(2 + 3), wh1ch is'a smgle number and the i,

(2 + 3) + 1
o0 000 o
o .

(2 + 3) + | is one name for the number of objects in the joined
set. Ask for another name.” (6) Have the sentence ’
(2 + 3) + I 6 written somewhere else on the board,
Erase the bqard except for (2+ 3) + | = 6. Place the subsets
as .they were at the beginning of the lesson, Repeat the above
procedure changmg the order of joining the sets. First have
the set containing | jdined to the set containing 3, and then
have the.set of 2 placed to the left of these two. This will .
yield:

. 2 + (3 + 1)
o0 o000 o .

2+ (3+ 1) is one name for the number of .objects in the joined
set. Ask for another name. (6) Have the sentence

2 + (3 + 1) =76 written under the previously recorded
(2+3)+ 1 =6, . ) )

From these two numbé&r sentences we see that here itdidn't
matter which sum was found-first. Because this is aIways the-
case,.we often don't write'any parentheses . 3

Repeat the entire lesson with a set of 7 objects divided into
subsets of 1, 4, and' 2. ‘ -

25

Y
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Lesson 9: (‘(’)MMUTATIVIT" AND AQSOCIATIVITY WITH MINNEBARS
This lesson promdes mformal experierfices with the tommuta-
tive and associative prmmples of addition. These principles

Ci

/n -, 7 dre used, but not :,pc_cnflcally mentioned, in activities with :
a..:_?:.'-' ‘ , - Minnebars. If children wish to use parentheses to show which
_ N o sums werg fouhd first, they may. However, the last lesson
RN showed that this is not necessary, ' .o r
MATLRIALS S ’ /

-~ set of Minngbars for _edch'child

~ paper

.. . 4 r
-~ % PROGEDURE o T o -
L ] . . . ' , ‘ .
e A. -Have gach c,luld place a dark green 6-bar on his desk, - LA )
‘Ask the children to match the 6-bar in as many ways as pos- T
sible, using any number of bars. Have them record the. . '
. matches - on a record sheet. For example, one match mxght - T
. _' o 5 . be: - . ) . . . ," w .
-~ ‘.“; i . ' ) ) ' ¥
: ¢ S R '
g ' : ! [ .
P e
» ,' .
. - : — < .
‘ L - -
v This is recorded as 6= 24 | + 2 41,

Ask questions simllar to these.

DOES IT MAKE ANY DIFFERENCE WHICH OF THE SHORTER . . r

BARS IS PUT DOWN FIRST? (no) '
. ' N . .

.. CAN THE ORDER OF TWO O THE SHORTER BARS BE CHANGED

. _ AND STILL HAVE THE CORRECT MATCH? (yes)

x




. '\: . _— ) "
. - . HE
. : “ ) X 5
L. T B. Repeat with other bars such as 4, 3, and 5. - ’
: Game: Parts it and 12 o‘f’}the “Train Game" from Section 6 . J
. . . I/ [} R N . - » -
‘ would be appropriate heré. s - Lt
‘\ T~ ,‘Nr?{"i::;;‘
7
. 7
2% ‘:::g
. ) Y l'l
|
MY .
9
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S {e}s(@ISIPN. INTRODUCTION TO SUBTRACTION - ’
. " N . . . ..'
This section contains an iftrodiction to subtraction in terms.. . i :
. of sets and presents activities showing the relation between~ oL e
' addltxon and subtraction of counting.numbers, . . . :

- BACKGROUND - I .t B . 3

-

Subtraction can be interpreted in-terms of the number of mem-

. bers in various sets; it is appropriate for the children to

. work with collectxons of actual objects in this introduction,
When one countmg number is subtracted from another the re-
sulting number is the difference between the two, When a set
with a, certain number of members is remoVved from a set with.
at least as many members, the numbér.of members'in the re- .

. maining set,is equal to the difference between the number of - .-
members in the first two sets, . N )

o
¢

Another interpretation of the difference, a - b, of any two
numbers s that the-difference is the number to be added to b -

to obtain a. For example, 7 - 3 is- the number that must he
added to 3 to obtain 7. This is the cdncept of the "missing )
addend" problems, for example 3+ =7, - -

.
Ly

The expression a - b, whi¢h is read "a minus b, ",shows that

" b is subtragted from a but -also _is the name of a~unique Ty /
single number, It is 1mportant “for the childrén to realize this,
For example, 5 - 3° xs a name for a unique number, 2, and also
says that 3 is subtracted from 5.. N

" . The inverse relation between addition_and subtractxon is con-
" sidered in this #t.ction. Suppose we start with §, add 2 to
it, and then-subtract 2-from the sum, The result is the orig-
inal number 5. This may be writtenas (5+ 2) - 2= 5. In
language suitable for a child, this may.be stated as “Subtrac-
tion undoes addition, ‘and addition undoes subtractloh " . )

%

\ N
. ,,/.. . . . ’

E l .
-
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Lesson FO_: FINDING THE I\‘/IISS\ING ADDEND - !." : a

This lesson” presents the problem of finding a mlssmg addend,
This problem is related to subtraction, and .is used’to.intfoduce
subtraction, The child should smply find the missing addend x 0

by countmg progeduies . _ e
MATERIALS ~ ; g R g .
o ‘Tl - . kS -
— 10 counters of any kind for each child ! . o
- ~N g - 5 . ., 4
~ Worksheets 18, 19, 20, 21", + ' L
. ' ¥ |
: COWENT - o - -
The term "addend" can be mtroduced here by dxscussmg an DR
example with the children. In the number sentencé 2+ 1 =3, .
2 is one addend, | is the other addend Recall that both 3 and
2+ | are called the:sum of 2'and |, T )
PROCEDURE ..~ . ™ . [ - Co
£23 : ~ " ) v
Use the following sfory to show the class how to use counters . .
to find @ missing addend A .o "
N + (1) Mary had 4 kittens., - N . Sy e
o . She fed 2'kittens. ’ - ! ‘L Lo ~
~ T " How many more does she have to. feed? .
: ' 'On the b,oard write 2 +Dis' 4 _ " N - i .
- b . ", + =~ - N
Say, "Place the two kittens that she fed on your desk usirdg. .
counters, NOW(‘lf these are the two she has fed and she, has _ :
four kittens, howPmany more must she feed? Use)your coum.;- T T
ers and find the others " e S ' } B

»

Use the same precedure with problems stich as the following -
to give the’ chlldren additional préctice,

(2)'I have 3 bpoks. < > L
I need § books in all; ‘ ) . "
How many more books must I get?

s e et

*
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~ Lesson I1: “STORY PROBLEMS IN SUBTRACTION

,\ i ‘ . ' 4"3

>
-

This lesson prov1des activities in which a child can see the
need for subtraction. He will remove a subset fgpm a set and
count the members of the remaining set. No technical words
or symbols are introduced until the next lesson. ‘

" . MATERIALS

-

— 10 counters for each child

-

PROCEDU RE

Each child should have 10 counters., ’Tell the children the fol-
lowing "story.' 7 :

Paul havd 8 pennies.
He spent 5 pennies for candy.™
How many pennies did he have left?

)

Ask the children to suggest how tqg show what happened by’
. using counters. If necessary, guide thém ‘through the-fol-
lowing steps.- .

PLAGE 8 COUNTERS FOR THE 8 PENNIES ON YOUR DESK.
TAKE AWAY 5 COUNTERS FOR THE 5 PENNIES HE SPENT.
HOW MANY PENNIES ARE LEFT? (3)

»
\

Repeat with problems similar to the following oée\s. Ask the

children to make up story problems of their own. ‘Be sure to

use ong or two problems where the resulting difference is 0.
Doug had”9 airplanes.

* _ He gave 3 airplanes to his frlends )
How many -airplanes did Doug have left? -

Mother baked 3 cakes.,
Ann's club ate'3 cakes.
How many cakes were left for Mother? <
P ) .
Bob caught 10 fish. . .
He dropped 4 of them into the lake.
How many. fish did he have left to take home?

4
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1. The prouse laid 9 en».
5 rove ol rouds hat? ned
‘lcm Tunys ~snould ot 1Y hh'r!\' L

sie i pe& ed L Y . ,
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Qe eute & of .
tow rany will he eat, la1er? .. -
. Co. 3

» 7

. Trare wees 1O cppede e B0 ane grenTl.

} vhye wat Rl
Tow "™ .Mm SRSl -
~ 3+10= 13

worksheet 2\ K
ynit ¥V Name,

" worksheet 20 .
Cynit ¥ Name; -
. - —

’ Find the missing addéqd.

Find the miss'ing

o

”
Full Tt Provided by ERIC



'/ . Lesson I i STORY PROBLEMS IN SUBTRACTION'

- ~* This lesson provides activities in which a child can see the

' - néed for subtraction, He will remove a subset fgpm a set and
count the members of the remaining set. No technical words

- or symbOls are introduced until the next les son.

" . MATERIALS

— 10 counters for each child

*

.

PROCEDURE S * T e

o Each child should have 10 counters. !Tell the children the fol-
. lowing "story ‘ " : : :

l Paul had 8 pennies, .

He spent 5 pennies for candy.™ -

How many penmes did he have left?’

. . - * LIRS

o~

Ask the chlldren to suggest how to show what happened by
. using counters. If necessary, guide them ‘through the.fol-
lowing steps.* . )

PLACE 8 COUNTERS FOR THE 8 PENNIES ON YOUR DESK.
« . TAKE AWAY 5 COUNTERS FOR'THE 5 PENNIES HE SPENT.
HOW MANY PENNIES ARE LEFT? (3) |

Repeat with problems similar to the,.,following.o&\ . Ask the
children to make up story problems of their own. Y\e’ sure to
use ong or two problems where the‘resulting difference is 0.

-

, . . Doug had”9 a1rp1anes
« . He gave 3 airplanes to his fnends. .
How many -airplanes did Doug have left? ~

, Mother baked 3 cakes.,
. " Ann's club ate 3 -cakes, o
How many cakes were left for Mother? ~

-~ | PS "
|

Bob caught 10 fish,
He dropped 4 of them into the lake.. ‘
o How many. fish did he have left to take home?

32 - 43
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Lesson 1% INTRODUGING THE "A - B" NOTATION

/In this lesson the children find th¢ number of members in a ~
. differerice set and write an appropriate subtraction equation,

-

"MATERIALS ' ' Lt

~ flannel board with severa‘”f 'sets_, -of up to fen objects e'ach

— Worksheets 22, 23, and 24 © g

PROCEDURE

Repeat gach-of the activities A and B ‘sevéral(;n'es with dif-

ferent number combinations until you feel the children are

ready to use the worksheets, :

A, As}%\ five children by name to come.to the front of the room.

Ask how\many there are. *Write the correct numeral on.the

* " board." Ak three of them -by name to go back to their seats.

. Ask how many went away from the. front of the room. Record

* this next to the previous \\Umeral Explain that the set of

" children remaining at the front is/'i:he difference set, Puta

" minus sign between the 5 and\3 on the board. - Tell the chil-
dren that 5 - 3.is éne. name for he number of memberg in the
difference sét. Ask if.somecne dan give another name- for the

" difference. (2) As k.if someone can write the number sen-.
tence showing these two names on the board.” (5- 3= 2 or
S-3is2) e -

- N

B.” Place seven objects on the flannel board. Ask the chil-
dren questions similar to the following: :

. (o} ‘.

HOW MANY-OBJECTS ARE IN- HE SET ON THE FLANNEL

. BOARD? ‘ S -
CAN YOU WRITE THE NUMBER ON THE BOARD?. T

WILL SOMEONE REMOVE(OR TAKE AWAY) & §UBSET FROM

) . THE.SET ON THE FLANNEL BOARD? - .

HOW MANY DID HE REMOVE? S
’ . T




4

CAN SOMEONE WRITE THIS NUMBER ON THE BOARD?;.

HOW MANY ARE-IN THE DIFFERENCE SET’>
CAN SOMEONE WRITE THE NUMBER SENTENCE THAT GIVES «

) 'I'WO NAMES FOR THE DIFFERENCE'> t . ’
C. More subtractlon practlce is provided by Worksheets 22,
23, and 24. Read the directions on Worksheet 22 with the
children. Guxde them through the, flI‘St problem in a manner

_similar to this: - o, e "

Ll

-

__WRITE THE NUMERAL FOR THE TOTAL NUMBER IN THE SET-
. UNDER THE PICTURE TO THE LEFT. (4) ~

THE MINUS SIGN TELLS THAT A SUBSET 18 TAKEN away. ,

-AFTER THE MINUS SIGN, WRITE THE NUMERAL THAT TELLS

( HOW MANY WERE TAKEN AWAY. {4 - 3) |

THE NUMBER LEFTIS GIVEN BY 4 < 3: 'TO THE RIGHT OF .

THE EQUAL SIGN, WRITE ANOTHER NAME FOR THE NUMBER

* REMAINING. (4 =3= |) :

: As soon as the chlldren are ready, let them. finish by them-
" selves. On Worksheets 23 and 24 the chlldren w111 need to
write in the minus sign.

The ‘children may like to make up sto;igs to go with the plctl\lres’.
Y . - - . )
-

4 ’ - ' T

-

1%

45




b3

" .B. Show the children a bag in which you have put 13 crayjoris

A. Have the children set out two.rows of five counters on
their desks. ' —

00000

00000

00000000
00000

$1OW MANY COUNTERS MUST YOU TAKE AWAY TO HAVE THE
'SAME NUMBER IN EACH ROW AGAIN?" (3) ‘

This activit‘y could aisc pbe done with Minnebars.

and tell them how many are in the bag. Have a_child put 8 .
more crayons in the bag. Ask someone to take out enough °
crayons SO that 13 crayons are in the bag once again.

A .

Then ask a child to remove 4 craydns from the bag. Ask how
many crayons must be added to have 13 crayons in the bag
again. ' -

Repeat these activities, having the children write number
sentences on the chalkboard that describe the two situa-

tions.
. toa

(13 + g) - 8= 13 .

(13 -4)+4=13 _ ' ‘ .

/

A
On
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'Lesson 13: WRI.TING SUBTRACTIbN SENTENC;ES ~

~ This lesson reinforces the concepts of subtractlon presented s
m the previous 1esson T,

MATERIALS ‘ ’ -
~ 10 counters for each child T
— Worksheets 25, 26, and. 27 - . -

PROCEDURE R
Each child should have Ib countets, paper and pencil on his T
desk. Ask each child to spread out the counters in some
arrangement on hls desk," -

HOW MANY COUNTERS DO YOU HAVE ON YOUR DESK? (I 0) 7
WRITE THE -NUMBER DOWN. ) X h

Lo Ask each child to remove (or take away) three counters and
o : -wr1te that down.. .
CAN YOU WRITE A NUMBER SENTENCE THAT TELLS HOW
MANY YOU STARTED WITH, HOW MANY YOU TOOK AWAY,
AND HOW MANY ARE, LEFT? (lo0-3=7) °

Step- by step gu1dance of some ch11dren may be necessary
here.

L

t

Repeat the procedure with different numbér combinations un-

til you wish to use the worksheets. The ¢hildren should ~ o

be allowed to count the difference sets whenéver they wish.

From numerous activities of this sort, the children will be-

come familiar with many subtraction number facts while de-

veloping an understanding of the operation-involved. Formal ,
memorization of the facts should be delayed until the process g
is very well mastered. By that time, many of the subéactron

relations will have been learned unconsciously.

il

L . A%
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A. Have the children set out two.rows of five counters on

L the1r desks,

OOQOO
OOO@Q

- M !

Ask each child to add three counters to one row.

OQOOOOOO
OGOQQMW

*PIOW MANY COU NTERS MUST YOU TAKE AWAY TO HAVE THE
SAME NUMBER IN EACH ROW AGAIN"‘ (3)

®
.y

This- acthty could also be done w1th Minnebars.

T.B.: Show the children a bag in which you have ‘put 13 crayons
and tell them how mariy are in the bag. Havea, child put 8 .
more crayons in ‘the bag. Ask someone to take Sut-enough *
crayons so that 13 crayons are in the bag once again.

. A

Then ask a child to remove 4 orayons from the ‘bag. Ask how
many crayons. must be added to have 13 crayons in the bag.
again/ , ’

. .

Repeat theae activities, ‘having the children wrlte number
- sentences on the chalkboard ‘that descrlbe the two SLtua—

tions. N . . .

s -.‘ Q

(13 + 8) -8="13

(13- 4) +4=13
v
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_Le'sson 14: THE INVERSE RELATIONSHIP OF ADDITION AND SUBTRACTION-

-

These activities use sets of objects to give the children aii
idea of the mverSe relationship between addition arid subtrac-
tion, If one adds a number of members 'to a set and 'then takes

= away the same number of members from the set, one réverts
) to the original number.of members in the set, In the.same way, ®
if one takes away a certain number of members from a set,

adding the-same number of members w111 return the set to its N
. ,or1gmal number of members. :

I -

s \. For example, (8+ 3) - 3 = 8,
'MATERIALS ~ © ~ ST

for each child: = e

~13 cohnfere

for the claes; .

.—’;ZI crayons-

—~ bag - -
~.& ,‘. :

-

to Lse on flannel l;‘)o\ardl-" figures _sim.ilar'to these:
~— 5 apples | . B .

-— 2 oranges . o .

- 4 dl:zcks :
— 3 geese L _ . ' . ' ‘ t

" PROCEDURE . . S o . N
- 3 LN e

Gj.vef the children experiencé with this idea ifi several different’
. situations, Some possibilities are on the next page. - Of course,

‘L different figures than those,suggested can be used.
L ' . - ¢ ..
o i o ,
;Z o, L . \ . > .
i . N 49 ..
r 38 - ’ ‘ .
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A. .HS ve the children set out two.rows .of five counters on
_ their desks. ) . .

. 00000

‘

100000

L

Ask each child to add three. counters to ‘one' rOW.
- D OO0

sOW MANY COUNTERS MUST YOU TAKE AWAY TO HAVE THE
_SAME NUMBER IN EACH ROW AGAIN?™ (3) )

-
.}

This-activit} could éisc be done with Minnebars.

".B.- Show the children a bag in, which you havé'put 13 crayons.
and tell them how marny are in the bag, Have a_child'put 8 -
more crayons in the bag. &sk someone to take gut-enough °*
crayons so that 13 crayons are in the bag-once again.,

. A .
Then ask a child to remove 4 crayons from the bag. Ask how
many crayons. must be added to have 13 cxjaydns in the bag.
again. ' ' - )
Repeat these activities, ‘having the childten write number
. sentences on the chalkboard ‘that describe the two situa-
tions. | .~ . -y ' C

(13+8) -8=13
(13 -4)+4=13

7
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C.-Puts apples on the flannel bpard Ask how many apples
* there are, then add 2 oranges, Ask the children to- ihlnk of
two names for the new set of frult and to write them underneath
each other on the‘chalkboard SR . )

7 . o .. -‘ s
(5+2) B

‘.

Remove the two oranges and ask someone to write number sen-
tences telling what had happened to the number of apples and
oranges, Have them use the.names they wrote for the orlglnal
set of fruit,

7-2=5

(5+2)—2 5

o

- D. Put 4 ducks on the flannel board Add 3 geese. Have the

children again-give two names for the, new ‘set,

[N

{4 + 3)

» 7 ‘
-~ : ' - .
- Take 3 geese away Have the children complete the fiumber -
sentences. )

P

(4+3)-3=4 "

L 7-3=4
- ) + A .
Leavlng these number -sentenges on the board, add the 3 geese
galn and wrlte the two nampes. :




© Tell the qhﬂdren that the number™entences are tha éafné
_whether 3.geése or 2 geeseand | duck ai® removed.” In eacdh
case the subset removed contained.3 rembers. . 1 -
: . ) PRSI .
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‘. mGROUPING ‘EVEN AND ODD NUMBERS, AREAYS .- X

: I N
) . ThlS sectton is. desrgned to give. expertences 1n grouptng me?n—
Y. " - . bers-of a set into subSets containing gqual numbers of mem- -
R ber's, to introduce even and odd numbers, and to’ gwe exper- .
. T ) iences in forming arrays ofﬁobjects and symbols . Co .
! ' ’ * ’ "
. . . t

. . > +

"VO‘C‘ABUIZARY : oo . : .- )

. . . - °
v . ’ 5 . . N
. . - >
« . » . ‘0

ﬁ . The followmg words are used 1n'th1s sectnon. Although the . s
' " children should unders tand and be’ able to use the words, . .
‘they should not-be "expected to define them .
. . - M « * LU Y .o . . R .
R . - _Row: & horizontal line of obJects or symbols. oF I
c WL Golumn: a 'vertical line 'bf obj,e'&:ts or syrﬁbéls. . . o
:~ - . LN R . DO . . . “ . G
Array: " a regular arrangement or pattern of objects or symbols .. 6

, )  Rectangular arrdy: “an array made up of rows and ‘columns’ in
- o which each row (or column) contp}ns the same number of mem- . .
: I bers. For example: - v ‘. _ -

¢ " .
) . .

o e, XXXRX N
- ' . XXXX . - T
XK XX

. . . o : & I . .
S - BACKGROUND o } — .

kY

. ' - Previously the chtldren have counted ot constructed sets w1th
e " 2,37 4,.... members, and Rave compared the numper ‘of mem-
\ P ‘bers two sets b¥ pairing members of the two sets. - A'lf’ttre
. ’ begtnmng of this section, the childrem will separate sets of
v e \ obJects to subsets containmg equal numbers of objects i.e.,
, . . into equiYalent subsets, This éxperience with grouping will ° . >
. : © , provide a ackground for the'study of the decimal number sys- . )
'« tem, which we ordinarily usé. . ‘ : : S
.~ LY \

et . . . -
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Even afid ofld numbers are conveniently introduced by attempt- . .

ing to separgte a,set into two equivalent subsets,- If the num--
er of members in the initial set is even, it {s possible to

diyide’the sef into two dquivalent subsets 40 that every A

b

member of one\subset tan be paired with one member of the .
othér subset,

i f the 'riprflber of members in the initial setis . .
odd, it will not be possible .to 'separate ‘the set into twb equiv--
ithout discussing div‘ision,'. the ideais - _

en numbers are divisible by tyo and odd.

" alent subsets,
introduced that e

numbérs are not.

-

‘v -

~ L

«» Sary to have them in a regular patter

all right to have the subsets a}réngéd
for some activities it i§-useful dr neees-
. Such®a regular-arrange-

L “
While it is sometimas
in a random ‘pattern,

‘ment is called an array. =
) é . ) '\‘ ) . “ . . ‘ . :. . « .
-+ There are various special arrayg. ' Two examples of them are
,,,,, the triangular arzay and the rectangular array: The elements
* of a triangular afray might be arranged in these ways:. .-
' . . ’ | N N 1 . -
R [ :
\‘ v‘x‘x:
- i -~ L
\ ) - (\ ¢ }<x X! N )
« " M . o ‘ 2 X ot i
. ‘ X x x. X XX
s e " : . ) b, XXX x '
. . v «
J ‘\ X X \ X XX XX ’
o . Cox . . © X X X XXX =
. "o . - XXX XXXX
c % T R XXX XX XX ‘
AN ,

L .
S cloboo
. . ooooo
- 0O0OBO
7 ..+ ooobpo

00000

00000

. ooy Ro¥o)
Y, boooo |

'y
.

Because only the rectangular

.

i

A . ’ 7
\ . .
.

r 4

array is used in the first-grade’

The elements of a rectangular array mightsbé arranged this way:-

LY

MINNEMAST units} the.children will-use the single word .
"array" to mean "“fectangular array." However, the teacher
should use the term "rectangllar array" often endugh so thet, | -

i

[y 3V ¥
the children learn its meaning, , . ~
" IR BN . o ;
i . ‘* ' $a N

' 54 SIS
) ! ) * . 1
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. 5 hd ¢ X
i LY ' 1 <
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A ch11d will count the tota numb‘er of ob]ects ir an array,
) S couﬁt the number in_ ‘each.rpw (soon seeing: that he needs to
N -. count the obJects in only one rew, as all rows contain an

e i equal numbex),rand count tEe number of rows, For exarnple, .
he will discover by counting- that\3 rows of S each contain~
15 objects and that a iet of 15 objects can be separated: into
3 sub_sets‘c()ntaining 5 each,

- Experrences wrth many drffqrent array\sﬂ will provrde a back-
LS - .ground for an inferpretation of multipligation developed ln\
e second grade. In this unit, ' words such as "multiply" and
< ' "factor" are not used and the chrldren\ghould defrmtely not
", . ‘berequired to memorize multlphcanonf cts._ '

.- | : _ \

.t _ .o In this‘ section the children will also havi direct experience

:  with the commutative law of multiplication,, This law states
that it'does not matter in' what order two numbers are multi-

. plied ~-d.e., 2 x 6 6 x 2. The term-"comnutative law of
multlphcatron wnl not be used with the children. They will
mampulate .arrays and observe that, for example, the followrng
"arrays contain the same number of elements.

° - XX - ;xxxxxx
- . XX, - XX XXXX .
’ xX R

‘ A T XX ) . ‘ ' ’ ' o
. - . . ‘_' XAX‘ T : ‘ ' . ' .
N R X X o T : b

\\ . .o *:;.t,m o Lo - .-
\ A . © ' The chzldren‘s understandrnc "of the propertres of arrays w111

be valuable when they do encounter formal multrphcanon.

' -
b .. 1
<y
1

H ' -
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- -Lesson 15; FORMING GROUPS OF CLILDREN . : '

'After tgié agfivities in this lesson, the childred should be able
to fom}’groups of specified size. They should get a feeling
for, but probably not verbalize, the fact that one.can form

fewer/large groups than small groups_from a giverf number of
children. Much counting practice is also provided.
PROCEDUR/E‘

i

PR

~

Have each child/_ find a par'tne_r. If one child is without a

partner, appoint him to count and report the number of pairs.
If 91l have partners, you do the

' counting. ‘Write the results
on [the board -in the form: : ' ‘

$

12 sets of two and I‘leftove\r

\

Ve - . .7‘ :
ave the children arrange themselves in groups of three.,

‘Again have th

orm:
!

o

—

e groups’ of threq counted -anla recorded-iri‘\the

\

/ 8 sets of three and | leftover
{ - ' .

{

/

-
‘l
;

Repeat with groups of 4 and 5.

» |, that the same child is not left o
| than once. .
{ ) B

{
{
{

Diréct the grouping enough SO
ut of a complete group more

45
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_ Lesson | 6: ‘GROUPING‘VA SET OF COUNTERS INTO EQUIVALENT SUBSETS

L QIO

\\ . C, N
", This lesson pro'vides more experiences in forming groups of
‘ specrfred size, _}\also introduces the idea of one-half of the
i members of a set,

MATERIALS | , - s ;

—~ 20 counters for each child

/— Worksheets 28,.29, 30, and 31 : o .o

.

PROCFDURE - B

v

A. Each child should leave 20 counters on his desk Ask the
children to separate these 20 counters into 4 subsets that
have the same number of members (i.e., find 4 equivalent
subsets). Let the children discover their own ways of doing
this, When they have finished, ask: i

.~ ' HOW MANY ARE THERE IN EACH SUBSET?. (5) -

'\ HOW MANY SUBSETS‘OF FIVE ARE THERE? (4) ' o
Follow the same procedurc for separating the mrtn], set mto
i« 2 and S subsecs : SV

’

|

Propose fmdmg 3 equlvalc t subsets using a],l the counters
Let the children dlscover that this s xmposslble i

Although arrays have not- been ntroduced yet, Lt é llkely '
* that some children will develop strategles that involve arrang-

ing the COunters mto regu‘lar patterns or arrays. ¢
&

B. \Iow ask the children to separate the 20 counters tnto sub-
sets each containing two counters, Tell™each child to count

T the subsets and to report how many groups’
(10) Ask how many counters are in the,whole set.,

ing 3, 4, and § ‘each. Each tLime have the numbcr of subsets
counted and rcportcd When subsets ot three are used, th
results should be reported as "6 subsets (or groups) of threc
with 2 leftovers." ‘ 5 !z




-

C. Ask the children to separate the 20 counters on their

y desks into subsets containing 10 each. Ask questions sim-
' ilar to this: '

. -HOW MANY COUNTERS ARE LEFTOVER? (none)
HOW MANY SUBSETS DO.YOU HAVE? (two)

Have each "child place one subset of 10 counters at the right
of his desk and the other near the left.

“{[F YOU PICK UP THE LEFT SUBSET OF COUNTERS, WHAT
PART OF YOUR COUNTERS WILL YOU HAVE IN YOUR HAND?
("one-half" or "half")

If no one volunteers the above answer, give the answer, In
any case write ! on the board and explain that the 10 count-

ers picked up are | of 2 subsets containing equal numbers of
counters,

Repeat the activity starting with 10 counters and separating
them into 2 subsets of 5 each. This time ask:

IS 5 ONE-HALF OF 10? (yes)

WHY? (10 counters can be separated into two subsets
each containing 5 counters. )

D. Worksheets 28, 29, 30, and 31 give practice in grouping
and finding 7 of the members in a set, and also will show
whether any children will need additional work.




Worksheet 28 Worksheet 29
Unmt Name N Unit 11 Name

Draw curves around subsets of two . Draw curves around subsets of three, . i

o - -
S an e

oy

7y e T IR e

O
L]

L]
E—,}

S o O How many subsets of three? 7
How many subsets of two? 7 ’

H

How many leftover? 0
How many leftover? 1

How many in thé whole set? 15 How many 1n the whole set? 2 ) "
@ .
~} Worksheet 30 Worksheet 31 )
Unit 1} Name Unit 11 Name
Draw curves around subsets of four. | Draw . curve around %of the objects in each
set,

N ooo |
CAD A |1 OOgo
ADEL OV v
AVAN A vOO

A IR,

How many subsets of four? 4

flow many leftover? 3 D

19 .

<1<

<1<
NGO

~

Slol®
Slel®
slelele

How many in the whole set?

48
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-Lesson 17: INTRODUCING "EVEN" AND "ODD"

This lesson introduces even and odd numbers by pairing mem-
bers of a set. In Unit 13 there will be activities with even |
and odd numbers represented on the number line. . !

An even number is divisible by 2, an odd number is not. This }
is not explicitly stated to the children but is presented throug
activities with sets. If a set can be separated into two equi-
valent subsets, it"contains an even number of members. If /
a set cannot be separated into two equivalent subsets, the sdt .
contains an odd number of members. (Recall that equivalentf
sets contain equal numbers of members. Equivalent sets of ’
objects are rot equal sets because they contain different ob-
Jects. That is, a set of four apples is equivalent -- but not
equal -- to another set of four apples. These sets have a
equal number of members, but the apples in the two sets are
not the same apples,)

©

, MATERIALS o

— flannel board with about 15 figures, mostly different

— 16 counters for each child

-

T — Worksheets 32, 32B, 33A, and 338

PROCEDUREL

A. Each child should have 13 counters on his desk, Suggest
that the class pretend the counters are children getting ready
to play a game.

CAN TWO ’I"EAMS OF THE SAME NUMBER OF PLAYERS BE
CHOSEN? (no)
’\ x
Let each child arrange,his counters to find out. He may dis-
cover that a convenient method of attempting to construct two
equivalent sets is to form a row (or column) of pairs of count-
ers, and then to take all on the top as one set and all on the
bottom as the other. Of course, with 13 counters, not all can .
be paired. For example: ‘
® e o0 00
® o ® 00
49
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The leftover one is the "odd" counter. Becausé of this, 13
is called an odd number.

Repeat the above procedure with 16 counters. If your class

is ready, drop the "team" reference and ask them if they can
separate a set of 16 ci.unters into two equivalent subsets.
This time they should see that all the counters can be paired. *
The subsets "come out even." For this reason 16 is called

an even number. It should be noted that each of the two sub-
sets contains one-half of the counters,

B. Have a child put 6 objects on the flannei board. (For
example, 3 ducks, 2 apples, and a flag.) Write the numeral
6 on the chalkboard. Have another child move the figures so
that they are obviously paired, but not necessarily in a reg-
ular arrangement., Say: o
WHEN MARY PAIRED THESE 6 OBJECTS, THEY "CAME OUT
EVEN." THERE WAS NONE LEFTOVER. A SET OF 6 OB-
JECTS CAN BE SEPARATED INTO TWO SUBSETS EACH CON-
TAINING THE SAME NUMBER OF OBJECTS. 6 IS AN EVEN
NUMBER. '

Have a child pair the 6 objects another way. The children

‘should realize that the result will be the same,

Have one child clear the flannel board and another one put up ‘ -
9 objects. (Avoid using a set with just one different object or

it will be called the "odd" one.) Write the numeral 9 on the

.board. Have another chud pair these objects.

PR

WHEN BILL PAIRED THESE 9 OBJECTS, ONE WAS LEFT
WITHOUT A'PARTNER. THIS LET'TOVER ONE IS CALLED
THE "ODD" OBJECT. A SET OF 9 OBJECTS CANNOT BE
SEPARATED INTO TWO SUBSETS BECAUSE 9 IS AN ODD
NUMBER. )
You might pdint out that each subset does not contain half of _ .
the objects. . ’
{
Have another child pair the 9 bbjects another way. The chil- :\
dren should realize that the result will be the same.

A}

50 N




LY .
C. Have each child spread 6 c\c\)unters on his desk and put
the others aside, Ask: - x
. . . \ .
IS 6 EVEN OR ODD? (6 is evé\n because each counter can

be paired with another with no, leftover counter.)

Without moving the 6 counters, ha\“ve each child put a seventh

counter on his desk, Ask: \

o 1

\
IS 7 EVEN OR ODD? WHY? (Odd,. because the seventh

counter can't be paired with anoﬁper counter,)

From this experience (repeated as yg‘u wish),.some children
may make the correct generalizaton that an even number
_ ' plus one has an odd-numbered sum. \ 5
Repeat the activity by starting with an odd number of counters,
- - say 7. Have each child add one counter to the set and deter-
mine that 8 is even. Again, after varying numbers of trials,
most children will understand the rule that an odd number
plus one has an even-numbered sum.

The idea that the sequence of counting numbers alternates odd,
even, ‘odd, even, ... will be seen by many children at_this
) \ time. The@concept will be considered again in Unit 13.
As an enrichment activity for interested children, you can en-
courage the discovery in a similar manner‘pf rules such as '
those given in-an abbreviated form below, ° ,
even + even is even .
odd + odd is even |
even + odd is odd
even - even is even

. even - odd is odd
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Lesson 20: uONSTRUCTING ARRAYS

[

In. this lesson the children construct rectangular arrays of ob-
t" jects. Théy will find that with'a given initial set oplyscer-
tain rectangular arrays can be made without "leftovers " For
example, if the initial set has 15 membkers, an array containing
3 rows can be made, but not one containing 4 rows. (A par-
ticular rectangular array can be constructed if the number of
oL tbg rows, ‘or cplumns, is a divisor of the number of merr{bers
in the set. This explanation should not be given to the chil=
dren.) ’ ‘

- MATERIALS R

' " for each cﬁlld T\ Co \
- pegboard with 20 &r 30 pegs (preferable) or 20 or 30 count-
. X ers (alternative) - .
- (One suitable type of pegboard isa 12" ce111ng tile w1th

' ! golf tees for pégs )

PROCEDURE ' N

]

I_n the descrip_tion of the procedure, it is assumed that each
child has a pegboard. 1if sufficient pegboards are not avail-
able, the children may work in small groups. or substitute
similar activities with counters.

Y

-+, Al A pégboard and 15 pegs should be on each child's desk.
~ The other pegs should Be in a contamer or out of sight, Ask
each child to make ‘anarray of 3 row; with the 15 pegs. Ask
hbw many pegs are in each row of the completed array. Such
an array is called a 3 x 5 array (read as "three by five"),
where the\firSt number gives the number of rows and the sec-
¢ ond number may be thought of eiiner as the number of columns
" or \the number of members in each row. .

~ ~ - el
XRXKK
XXXXX
° XXX XX
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..Lesson 18;

. INTRODUCING ‘ARRAYS

A4

Unti] this lesson the children arranged su sets of a set in any

way they chose,

Now they are required to

ut the subsets in-
to patterns. of regular rows and columns, i, g\, into rectangular
arrays v It is useful to remind the children at\iftervals that an

MATERIALS
— flannel board with about-20 objects

PROGEDURE

" array is a pattemn.

\

'board Ask another child to put 3 objects right under the first -

- three, Continue until there are 4 rows of 3 objects eac

a1

Explain that this patterr is an -array.

of objects and say that this is called a row.
"horizZontal, " telling the chrldren it means sideways..

\

.p

\HOW MANY RGWS ARE-THERE?

@

\

Show a horizontal line

-

Useg the word

Show a vertical line of objects and say that this is called a

.column,

Use the word*" vertlcal, " telling thegchildren it means
stra:aght ‘up-and-down.

HOW, MANY COLUMNS ARE THERE? (3)

HOW M"ANY MEMBERS ARE THERE IN THE ARRAY?

- .

,Of course, this last angwer should be found by countmg. Re- .

(12)

peat the same procedure with arrays havmg rows of 4 and 6

members,

.

A

Q-

,

-

~
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1~

.
.

B. Hape the children look around the room for arrays. When'\ |
an array is fqund, have the child who found\' it count the roWs,\

columns, "and total number of members, -

.

- . Some ppssibilities are:

ks N/
winflows (perhaps | row of § windows)
floor tiles , e .
egg carton placed in the room for this lesson
. charts placed in the room for this lesson
books on a ‘table:arranged for this lesso'r_x
fabric patterns :

s

™) N ’ -

‘The children may like to tell about-arrays-théy have seen out- ' ,
side of ihe' classroom, E,\camplés are an eye chart, cars in
parking‘lot, shpe rack, /fbod on store shelves, wallpape_r.-




-

. » - Lesson 19: ;COUNTING ARRAYS
‘- - i - . - . N , ) 4 “
In counting the number of set members in each row, the child
, .‘should soon see.that he needs to count only those in one row,
as all rows contain the same number. ""_
"
. It_ is expectedatl'_lat the cHilfiren will count the total number of
members of the amray; however, if a child can get the'right™ .
total without countirng every member, he. should certainly be

allowed to usé his method. .
, MATE RIALSO o '
- W(;rksheets 34 and 35 - !
. ’PROCE‘I?URE. . o ’
. . A. D}aw a. few'arrays on the. boa.rd' anddask questioﬁs about

them similar to those on Worksheets 34 and 35. For example,-

" you mlghtuse i _ .
e
; Y% - \/ CD '

T OOOO |
O mRAO0DO -,

'H(‘)'W MANY OBIECTS,IN‘T.HE FIRST ROW? (4)°

_\

HOW. MANY OBJECTS IN THE'SECOND ROW? <(4) -

HOW MANY OBJECTS IN THE, THIRD ROW? (4) -
HOW -MANY OBJECTS, IN EACH ROW? (4)
HOW, MANY OBJECTS IN THE ARRAY? (12)

Ha;ve one child at a.time golto the board, count, and record
his results to demonstrate his method to the class,
" When you feel the Childre\s"re suff1c1ently prepared have
* them do Wor}‘sheet.s 34 and 35. \

7 o




,:‘ « = , \ - , o
. .ot . . ! ~ . - I
$ ~ L% - ' M ) L4 :. ) . f i -.‘
. B. (Optional) When the children have counted the arrays, you : ‘.-
. e 7] may give further prattice in finding fractional parts of séts.
> '} " ' ., . ~ \J =
. B For example, ask the children to draw, a curve around L of the
: nembers ina set. "The set chosen should contain an e ven num- ~ .
, * ber of members, , : .' : o
. - - . - -
’ . " . & . -
. - Children who have the ability may enjoy drawing curves around, ’
' say, i of the members of a set. This ,Set should be one with
" oo . four rows or four columns. ) N " . .
. . o , ) e . N
. : . ¢ o ’ t . ' o N !
. . A P . - X el ’ . .
. ’ - 7 .
Worksheet 34 . ° IR Worksheet 35 ’ oLt
Unit 11 Name : d {Unit 11, Name . N
Y P - ‘ n - Y .
. R £ . ) “e 2 . - -
] 0 (] How many rows? 3 . vV ¥V V* How many rows? 4 , \
D D D How many in each row?__3 - ..\\v; v v How many in eacm t‘.
D ‘j 0 How many in the array?_9 / 'V 'V V How many in the array? 12 N
. L . o . . .. D .
. - s -' IR v v v ¢ . .\‘.:)‘
X OAD O How many rows? i 2 O O OO How ;na.;ny rows“? q" ! v e
How many an each gow?. . AAQO How many-in.each row? 4. ,. .o
D C_]OO How many n the ‘array? 8 G A OO How many in the array? 16 -
- . . . . f : —_ .
) o | 00AQ.. c

88 " How many rows?___ S ‘ HELLO How many rows? | 23 v ' ;o

How many n each rofv?_5 - How many in eachrow? 5{ )**| ' v
88 How many 1n_the arraly? 20 HELL = How many in the atray3l5(3}*4, - !
o0 - ‘

HELLO ™ I

1]

H

, , . i

+ O kg N . i
§

1

. : ‘ T A A . ° ‘
c a X' Howmany row’sj_i‘  Aa How many rows? ) . P
- How many in each row?%} [);:: : :‘ How many in each row?_2 el
. H . 2 ? L ' ' h ?
Il an fft?w 'T:gny nx%hn array i . a H9w mny in th(:f arrqy.glq .
?i R T O ‘-
& b + !
3 N ~ »
>

“ ® + - - o
. } anssetion -
'

«

. o ] O IRER TGN L

) : . .
. . .. . 3 , ‘ .
L) L ’

. ) -/' T REIRRPI NI € C e e
. v

*For children who can work with numbers’ over 20,
. t

i

. ) \ » ' ’-
. **Answers in parentheses apply if the child considers words rather than letters.
. . N . . * . . . $ N !
’ ) ~ sawGRRC e . T
-~ O . .
. . 68 ,
.- . o . - 57
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. Lesson 20: CONSTRUCTING ARRAYS i

In thls lesson the children construct rectangular arrays of ob-
v jects. They will find that with a given initial set om.,y,cer-
tain rectangular arrays can be made without " leftovers For
. example, if the initial set has 15 members, an array containing . -
3 rows can be made, but not one containing 4 rows. (A par-
ticular rectangular array can be constructed if the number of
* .. thgrows, ‘or columns, is a divisor of 'the number of men{bers
in the set. This explanation should not be given to the chil-
dren.) ' )

- MATERIALS ' \ St
‘ for each Chlld "\ Co \
— pegboard w1th 20 or 30 pegs (preferable) or 20 or 30 count-
. . ers (alternative) -
- (One suitable type of pegboard isa l2" ce1hng tile wrth
) ' golf tees for pégs )

PROCEDURE o BTN
. A
In the des’cription of the procedure, it is assumed that each
g child has a pegboard. 1if sufficient pegboards are not avail-
able, the children may work in small groups. or substitute

similar activities with counters.

e A "A pégboard and 15 pegs should be on each child's desk.
* The other pegs should Be in a centalner or out of sight, Ask
each child to make_ an array of 3 row; .with the 15 pegs. Ask
how many pegs are in each row of the completed array. Such
an array is called a 3 x 5 array (read as "three by five"),
where the; first number grves the number of rows and the sec-
< ond number may be thought of einer as the number of columns
© or \the number of members in each row.
~ /
, XXX Xx O o
XX XXX

¢ XXX XX
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o Cos
. .

/ it is not required that yeu use it in this unit It 1s always pos-
sible to say instead "an array with 3 rows and 5 columns" or
"an array/ with 3 rows of 5 members each,"

Although the form 3 x5 is a convenient way[ specify an array,

“Ask. each child to make a rectangular array ontammg 3 col-
. umns’ from the |5 pegs.,

o

HOW MANX ARE IN EACH ROW" (3) -

HOW MANY ROWS ARE THERE?" -(S)

\

| WHAT IS THE. NAME oP “THIS ARRA&:/ (@ 5 x 3array) -

‘B.  Each chil \should have a pegboar 12 pegs, paper and
pencil on his desk, . Explain that the egs this time represent /
a group. of ¢ leren that are. going to, 141arch in a parade. How
many ways r?an they be arranged in rows and columns? Af{er

a child has produced an array, say,/of 3 rows of 4 each ask
hlm

HOW MANY ARE IN EACH ROW? /(4) _ .

reen o
Corggyc eyt .

CAN YO : WRITE A NAME FOR THIS ARRAY ON YOUR PAPER?
3 X, 4) |

!

‘ HOW'MANY COLUMNS ARE THERE? () I o
i
i

- CAN YO MAKE ANOTHER REQTANGULAR ARRAY USING ALL
" 12 PEGSH (yes)

x ' HOW MANY ARRAYS GAN YOl/ MAKE USING ALL |2 PEGS?
- - (six: Ix_2,2x6,3x4,4x3,6x2, 12.x 1)

-

The children sliould record in some fashion all those that they
fmd s

X Repeat the above wn:h various numbers of pegs in the initial
set 1S, 14, 7, v\nd 13 woulc? be interesting ones to try.

\ / Tl




[esson 21: GOMMUTATIVITY WITH ARRAYS

By physically turning arrays the children will have direct ex-
perience with the commutative law of multiplication, although
the words "commutative" and "multiplication" will not be used
with the children. ‘ )

MATERIALS

' for each child:

— 20 counters or 20 pegs ,-

N\

— 9" x 12" construction paper or'pegboard
- Wor/}isheets‘36 and 37

PROCEDURE
\
This activity is described for children using counters and con-
struction paper, but pegs and pegboards could also be used in
a similar way.

> Each child should have counters_and one piece of construction
’ paper. Have each child make an a\rfa\y\ of 2 rows of 6 counters
(a 2 6 array) on the paper and count the total number of count-
ers. (12) ° . .
Have the children carefully turn their papers one quarter turn,
Ask someone to describe the array now. (6 rows of 2 counters
or a 6 x 2 array) Help.them discover, without counting, that
\ 6 rows of 2 counters is also 12. Have them check this by
counting, (This shows that 2 x 6 =6 x 2, but since multipli-
cation has not been introduced, this won't be stressed here.)

Repeat this activity-with other afrays such as those having 3
rows of 4,- 2 rows of 5, and 3 rows of 3. Note that when the
3 x 3 array is rotated one quarter turn, it is unchanged.

e

Have the children complete Worksheets 36 and 37. -~
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Worksheet 36 .
Unit'nl Name .

i -

Worksheet 37 ‘
Unit 11 Name

<

v . -
\
s

T
b

\ ! - - , - i K . : ' ° . ‘ -
O LA.B O\O How many TOWS?_-.Z_ — COMB ‘HZ)W many rows? 3

How many in each row? 4 : you »  How many in each row? 4 -
] O G O How many in the array?_8 H I How many in the array?_12
: T T T e e e e — .‘ — S
8 O How many row. ® 4 \ O OO How many rows? 4 :
D How many in each row?___z___ . i vV V V. How many in each row? 3
0Q How mary 1n the array? 8 \ O SIes How many in_the array?_12 _
B ) ' © - -
90 » | 299 N
. 0 M \
00 g ' > 2 Mo T ) )
- o8 o How many rows? 6 . 7 T ? How many rows? 3
gg3 How many in each row? 13 7 ') ? 7 ’) How many in each row? 5
g-o o How many in the «rray?_18 | How many in the array?_15 -
ooao s ?27°?? nany yr.aa.
) oo ' . ‘
’ ] V V
Dogoog - , v
) How many rows? 3 A A A How many rows? 5
oooooo | > E . , -9
o oo How many in each row?_6 -V VV How many in each row? 3
oo Y How many 1n the array? -18 H AN How many i the array? 15
o \AAVARY) ’

1)

O

{

AY

"ERIC : - |

Aruitoxt provided by Eic:
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Lesson 22: BUILDING NUMBERS.BY REPEATED ADDITION

" Counting by 2's, 3's, etc., is.given as a use of arrays and
" as practice in addition. A similar lesscn using the number
line will be included in a later unit. e ‘

-

MATERIALS
— 20 counters for ea_ch child

— Worksheets 38, 39, 40, 41, 42, and 43
PROCEDURE o
Have each child follow a procedure similar to the following. °

3 Place 2 counters side by side near the tbp of a piece of paper.
Write the numeral 2 beside them. Place 2 more counters under
them. ’ . ’

- HOW MANY NOW? (4) )
Record this beside the second row. The paper should nusv look
like: :
® 0
® 0 4 ,

-

Continue placing pairs of counters and recording until all 20
counters are used.

* ® 02 T ‘
o 0 4
9 @ 6

® 020 . ' T

]

" The children can see that, whan they#ead the reco_rded numbers,
they are "counting by 2's" ¥i,e. @. are saying a sequence

S
.




-~

Repeat, placing counters in~se',ts of 3's and 5's

Y

The chlldren should riow be prepared for mdependent work w1th ’

Worksheets 38 through 43,

(The starred problems are for

those children who can work with .numbers over 20,) They may .

write numerals in the circles

to help their counting,

R Works“hee! 38
Unit 1l

Name
Al —

00
OO

000
OO0

. Work sheet 39

Unit 11

Name. .

000000

-

[t 3 ’

-

O Q O
Q. Q- O
2+ 2= . Q O O
.2 twos are 4 2t _2 +,2=—‘"'6'—' O Q O -
- oL 3twosare__6__ Y /
100 0061188 |89
OO OO ( 22;222— 12 OO :
Q O @ O +'+ e -1—2—_ 2+2+2+2+2+~2+42=__.1_4_~_
. -|" 6 twos are - ,
O{.O 8 8 | wos are __1& o ?rei.
é+g+3+g=__8;_ - .Count by twos. . )
- ttwosare_8 . z*z'z*f*z‘—éo— 2 4 6 8 .10 1514
twos are
- *
£ .
(O |
Le ) 63
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- - - 4

{060006@ _‘f
¢ s OO000000 |+
£ 5000000

|

o
g
[
[o 0]
~
=
o
=<n W
(78]
w
|§—“\
N
poni
' » . 2
) \ . ' . .
v ° ) - -~
P Sy K v «

= @y
c'OO0000QF
(&)

+
(98]
+
(98]
+
(98]
+
W
+
[98)
y—
[0 0]
w
W
(98]

' 3+3+3+3=?'£§__ , 373431343 = 1S 3 6 -9 12 15 18 21 '

nit 11 . Na me

i To 0000000000 |. -
| 00000100000 | [88386| 36330 | -
.| ©O000| 00000 .
. 0O000 | OOO0O | -,
i 1O00Q0 1 0000000000 | -
w0 o2 GO000| 00000 |
| Sooa000000 OOQQO:%%%%%
1 O00OO 00000 | |- i s | w38 |
OO0 | OO0 T | e as

SOOO0 QOO | | . ] T

5*'5.”?5*5"‘_20_. OO@OO Count by hv'es.

S 10 15 20 25 30 35 |

4 fives are 20 . S+S+S'&S4‘~S:_2_5_
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‘Lesson 23;' SECRET CbDES WITH ARRA‘YSA(OPTIONAL)

©

This is an optlonal activity for enr1chment It may be con-
sidered a "challenge" act1v1ty

PROCEDU REf

The coded ‘message is prepared by printing the words in a mes-
sage one beléw the other, so that each letter is an element in .

a8 column and-row. Add X's tb make the array rectangular. Por
examplef :

MAR YXX : . ’ .’
: HAD XXX o
. ' A XX XXX ° . . ‘ ] .
. LITTLE - _ -
"L AMBXX S ' '

s . - : - v -
Record the number of rows. (§) This is the clue, , Now write

the letters from each column in a line, starting with the left

column and going from top to bottom:'

'-MHALLAAffKRDXTMYXXTBX&XLXXXXEXL

Give the lihe of letters and the clue (the number of rows) to
the class. Can a Chlld decode the message?
You may have to decode the, first message After seeing the

method demonstrated once or twice, pairs of children can codé
and decode messages together




‘\ . . LI

- ' A o
MINTRODUCTION TO THE NUMBER LINE -
. - . . N

i o - » M \‘ *

’ This section introduces the number line, which ls\a model of
the system of real numbers, and.previews addmon anq sub-
traction on the rﬂmber llne. . \ .

_ BACKGROUND R : S
| .- ) ) . .
__— ) ' This section contains a. story, ';'Skip's Trip, " and related ac-
o stivities that introduce the number line, Skip, the mischie- e
vous dog, takes 4 trip alongdus street, stopping at various . o
. houses locatedat intervals alongnhe street. The street is v1s—« N
nalized as a lme and the house.sﬁwhere he stops are numbered
in ordgr from his starting pomt giving a representation of the .
number line, ~ Y .
. .8 .
Lessons 24, 25, and 27 involve locating numgers (integers)
- and counting spaces on a number line. These activities do not g
require that the integers be evenly spaced. Therefore, al-
though te number lines given to the children will have uni-
form intervals, the children may correctly draw their own num- )
‘ber lines without using rulers to mark the intervals. o ;
v Lessons 26, 28, 29 30 and 31 prevxew addmon and subtrac-
. tion of numbers repxesented by specific lengths on the number )
) i ., ling. Tor these activities a number line h uniform intervals L
" - must ge used. With reference to a P(;igz:?ar number line, any - N
length represents a number. Thus, dd two numbers, two B ( '
lengths may be put together. The figure below illustrates find-
. ¢ ing the sum 2+.3= 5 by puttmg a 2-umt length w1th a 3-uuit -
length, - . w
l
|
|
|
|

L 2 ‘

N

S

4
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LY
b
ce

The operations with lengths apply to all real numbers, not

. only integers. (which are only a subset of all real numbers),

For example, in the illustration below, a number clése'to 1,5 -
is .subt;ac\téd from a number close to 3.3, The numbers 1.5 °
and 3.3 are real numbers but not integers,

01234

<‘ [ S N N
.. » - ! .
LI

!

-

. ' Vs

" To eomphasize‘ the imbor'tant idea that the numbess. beiqg_éaded

and subtracted are represented by distancé on the number line',
the children in this unif use either Minnebars or strips ot-
paper to show the lengths. Thére will be much more addition
and subtraction on thé number ling in Unit 13, Interpretations
of Addition and Subtractien. - g

~

Numbers to the left of 0.are used in this section. These are
“the negative r'mgnbers conventionally written as; for example,
-4, If seems better to introduce the conventional notation *
later when the children have a feeling for order on the number .
line and have ‘experience with the - signas a symbol for the
.subtraction operation. At this stage we ‘have chosen to denote
positive numbers by black numerals and"riegatiye numbers by - -
red numerals, There were two reasons for this color choice,

First, the children will use positive humbers most of the ‘time

and, thus, us‘ually wjallyse ordinary blac\k pencils. Second, -
when negative numHers are used later,” one interpretation of

them will be in term$.of debits (negative) BB contrast to credits
(positives). For this it is natural to use ‘the bookkeeper' s

“red ink" numerals for debits. . . .

2.

R i el

o,
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+" Tesson 24: INTRODUCING THE NUMBER LINE
o - ' : - - . o ¢
This lesson introc}uces the ordering of integers on the number ;
line. {The integers are whole numbers ... -2, -1, 0, -k, 2, 3...)

-

- MATERIALS S S [

— figurg of Skip *~ . .
— numetal cards (blac'lf) 0-10

! 1 . . [

* © — numeral cards (red) 1 -3 - . ° e
S h ‘ . \ o ’ o : O.;. I
o - ouse pat‘ﬁern . ’ ) Y
,7" ‘ - maskmg tape or Sthk tite . .
dPROCEDURE/ . \ : o _ N
Befo're¢reading the story, "Skip's frip," draw two long hori- = . 3
zZontal lines on the chdlkboard to serve as a street map. “ 4
€ ©  The card showing. Skm's house, the numeral 0, and the figure N _
© of Skip should be n place as shown. : o e
‘ b .'§ -
. * g R v
\ . [ - .

v

.Read the story, "'Sklp 's Tnp, " pausmg at the md1cated
places to.ask questions and have thé cards posted. The
. > gtory introduces thé-concept of the number line although it
« " does not call it by name. :

- After the story present the following. . e

A, Show how Skip moved fr:c;m his. house to .E‘he store (3).

& .

t

WHICH DIRECTION IS"THAT ON THE STREET MAP?




¥ » N R
L4 . .
\ N

- HE RAN TOWARD THE STORE, DID THE, HOUSE NUMBERS
- —  "BECOME GREATER OR LESSER? Cl
. . . . . .- ¥
’ . : = .o £
B: Now move Skip past the store, - .
. o N \
. , . ARE THE HOUSE NUMBERS GETTING GREATER OR LESSER? _ .
N\ fgreater) v e . o

WHICH WAY IS HE GOING? (away from home) _ ]

* .’ Have the children post the cards for a few more houses. R

_ C. IF SKIP KEPT; ON GOING ALONG THE*STREET*A LONG WAY, -
WOULD HE BE FARTHER FROM HIS HOUSE? (perhaps)
. It should be bréugh; out here -- perhaps by your suggestion ~-
that the street might curvé back toward Skip's house, as real
~ ' Streets sometimes do. In this case, as Skip continued along
the street he could get nearer his home. We wouldn't know
whether, for example, House 21 or House 32 was farther ffom o ‘
Skip's house. - To avoid this confusion, we will from now on . 5
say that the street goes on forever in opposite directions, ‘al- = - '
ways straight, Then the street can be called-a line. - .o ‘
) - i ] . . : /. ‘ 5
D. Place three hduses on ‘the other side of Skig's house -~ to _
the lef; as you face the map -- and label the left one "School.”. " - Vs

4

LET'S PRETEND SKIP' PIIP;S STARTED OFF TOWARD )THE éCHOOL
- " INSTEAD OF TOWARD THE STORE. MOVE SKIP TO THE FIRST
; \ HOUSE HE WOULD COME TO. WHAT NUMBER SHOULD WE

« 4.+ PUT ON THIS.HOUSE&'-

{  Guide the children to sée it should be a .l;'because it is one
\ space from 0, Skip's héme, but it should be different from the
N | already rsed. so that two housés won't have the same num- e
\ ‘ ' . bers. Suggest-that a different color be used. Place a red num-
Voo ' eral | card. Continue Fwith the second and third houses to the
left of 0, " . . ‘ ‘ -

A * : "
\ ° - ' 3’:.
\ .
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-7 ! ' ‘ ‘ 8
- SKIP'S TRIP_
~ 7 * *
/. '_ Hello My name's Skip. I live in this corher house with Tonifny . .
T ) and Don I have a lot of fun playlng w1th¢them. Sometlmes I even ‘
Ve

s

try to go to school with them, but then they tell me % "Go ht)me Shp.

(3]

Go home, boy," Usually when they say thatI do go home, but someg

t1mes I don't. I kinda hke to go around and see what's happening . !
in the rést of the nerghborhood e t d "

©
. P
- .

One Saturday mormna I woke up early and since the -door up-

sta1rs was closed so I couldn't go.wake up Tommy and. D0n, Ithought

I'd go out51de and see if I cou‘ld find anythmg 1ntere=t1ng to do.

t : , After pushing the backdoor open andvrtrrfmg out51de\, I trotted ) '
\ ' up the street one space to the very next houSe where Dick lives. « |

- Show Skip's path on the number line (street map), Place \ )
~Dick's house ome | jSpace away from Skip's house, but

/‘ without any num_l;er on it, CAN ANYONE PUT THE® NUMBER
) ON DICK'S HOUSE" ‘Have a child place the numeral
on the house and ; move Skip to that house,

-
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e — i 0 . .

]

.
Whe\‘) I got to Dick's house, I didn't fi \d‘anythi‘ng interesting

in front, Eo I went around back. The first th ng that I notlced was

that the m}lkman had been by and had left two quarts of m11k by the
|
backdoor.‘\ Since I hadn't had my Breakfast vet) I was very hungry.

So'. well,, mayke you can guess what I'did'? (Show picture)

e 1
Iu/t as I qot the milk carton open ‘Dick's mdther came out the

e door --8he wa., pretty unhappy a out my visit so I\ran away as fast

gs I could. . B /

"\ I went one space and stoppéd at the next housL: wh1ch was

}g Sally's, }(‘hat made Sally*s houge the second house\ from mme
[
.," \ CAN ANYONE MOVB SKIP TO SALLY\S HOUSE.AND PUT
/ L ,lli”‘ RIGHT NUMBER ON HER HOUSE? (%) ;

P

7
R . . . {,

\

. - \&
(SN ,@ 3,‘
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Sally, who is a good friend of mine,” was playing by herself in
the backyard. She was happy to see 'me, se we started running},
jumping a'n'd playing together Unfortunately, I didn't notice that S
- : " . the lawn sprinkler was on and got my”feet all wet and muddy, When e .
: .Ijumped up, Igot Sally's dress muddy, too. Sh,e didn't seem to

mind, but just then her mother came out, Sally's mother was 'pretty

3

mad: "Sally, are your clean clothes dirty already? Skip, you go on

home.

But I dldn t go home.. I scampered to the next house one space \
beyond Sally's. ) . o

= p '*Place._the next house on the map, .

My favorite friend, Jack, lived in the third houce from m'e ~ .
3
Jack's fathér owned our neighborhood grocery store, and Jack lwed
N . " above, the store with his father and mother) ’ ‘ 4
- \ . .

- | CAN ANYONE PLACE THE RIGHT NUMBER ON THE STORE?
. (3): AND MOVE SKIP TO THE STORE? .




um‘i .
[
!

ll,"’ ;

i
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4

-
.
<

Somethes Jack would give me a bone or a cookie, but I couldn't

flnd him anywhere. He wasn't around at the back of .the store elther

But as I passed the garbage cans, I could smell something dehc1ous.- .
M',,.,'yl-_.‘,‘bf$

It smelled like nice, juicy meat scraps. I thought that I would try

to get sonie and - oohh, what 3 mess I made' But ]ack' father‘heard

the garbage cans tip over, so he came out and chased me away.. He

.

was prettyamad.
/
One $/6ace from the store was the house where Susan llved

P

Susan' g’ house was the fourth house from mine. :

/ Place the'next house on the map. CAN ANYONE PLACE
THE RIGHT NUMBER ON SUSAN'S HOUSE? (4) AND
MOVE SKIP TO SUSAN'S HOUSE‘>

N

77







Susan was Jumpmg rope in her yard when I came up. She was

-

my frlend too, so she stopped jumping rope. and patted me on.the
ﬁ'ead for 4 whlle . '

] .
" o

But I didn't want to be petted, L wanted to play games, So Il

grabbed Susan's rope in my mouth and ran away, hOplng that Susan «

would ghdse me. * . -

- '-’Skip, come back here with my rope,™ Susan called. "Here,
Skip. Here, Skip." When I wouldn!' t take her rope back to her,
.rather than chase me, Susan started to go into her, house, calhng, o N

"Mother, Skip's got my jump rope K

Well tnat dldn't sound like very. much fun=~to me. 'So [ dropped

her rope and went on one space to the next house, - -

Bob's house is next to Susan's. I was now five Spaces away
from my own house.
. . ¢ .

Place the next house on the map. Have a child move
Skip and place the right number on the house. ' (5)







&

By now I was very hungr§,~ but I femembered that I had buried a
big bone someplacé in Bob"s yard. Unfor‘tqnately, I couldn't remem-~
ber wfhefe I had buried 1t Even aftér snif:fing around -the flowerg,

* a;round'the tree, and al_l around the yard, I couidn't remem.bér where
the bone waé. So I started digging to see if I could find-it. I dug .
around ihe flovx;ers. I dug .around the, tree.~'Ahd Idugin thé yvard,

But 1 ¢ouldn't find that bone.

Just then. Bob's mother came out to harﬁg up her clothes, Yéx}

can imagine what she saw. (Show picture) o,

She was- very upset by m{z visit, so I'ran for hpme as fastas I

could go. ‘ ' T : o

e

-
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/ ;/ ) Have a Chlld move Skip.rapidly as you/ read the remainder i
. . of the stc;{y, " coynting down" with ‘the house numpers = - e

A i . as he movyes the {igure of Sklp. . J . J
e (4).

I ran from Bob's house' (5) pa.fs“:t Susan's ho

L ’ -
! N S I ran another space to the store where ]acl\< lives (3).

(

I ran on another space past Sally S house (2) / - L. ‘

Fas\terid fasterI ran untll I passed Dick's houSe (n. L /

3
e

N . / / . * v
\ With only one space to go, 1 was soon back at my own home (0), =~}

1 . Y

,;l' ‘

Y S e e e e . RN e

. . , Ve -

l‘ommy and D\on, who/éad been watchlng me run home, ran out

to greet me. \ "/. : v

,» ° e,
/
\

. we Y o
"Here Skip. ﬂere Skip," Tommy called . :,’«"}9 [ ; . RO

L
\
.

N e
. .

"fo'here have you been, .Skip?" Don asked as he patted fne on

. ) ‘ /
¢ my head and rubbed by ears. : Y
. - “ . . _ ./ :

"Arf, arf," was all I answered, wagging my tail,

LT

‘ - 1was gl'ad/to he hom but I couldn't tell the boys where I had
Q

been. And after thmklng apout it a little, I wouldn't have wanted to
SO tell thém even if I coxld ha\\ : | -

- -

-

"('zood boy, Tommy said as he patted nmre on the head too., I-
. kmda hung mx head and slowly wagged my tail, The boys dldn'
. - know’ about chk' 8" mllk carton,»«Sally S dress Jack's, garbage cans,

Sr.sanw;)ump rope and Bob's yard. o . S

¢ ..aw\ hd
[

’

l thrs point, return to the questlons suggested at the L
beginning of the lesson ) T 83
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c,ardboard houses.

v

<

Use this pattern to make llz;

l C ’
R A FuiText Provided by ERIC




_ —~ cardboard. . )

Sample of Skip figures to be pasted on two sides Q'f & plece of °

Ihree red numeral cards -- 1, 2, 1; are provided with this
uni .**‘*T_l“he regular numeral cards provided by MIN_NEM‘AST
should /be used when Black numeral cards are called for.




A

Lesson 25: LOCATING NUMBERS AND COUNTING SPACES ON. THE
NUMBER LINE

MATERIALS (from Lesson 24)

b

— figure of Skip

— houses | e <
— numeral cards (black) 0 - 10 and (red) | - 3 .
'PROCEDURE )

Redraw the line for the street map. Mount the houses and the
0. Put the remaining numeral cards in view, but not in order.
"Skip" should also be in the tray. Tell the children that Skip-
is hiding and that they must try to find him. You will give
clue's.about where he is. After you have gwen a clue pick a
volunteer to come up cmd post Sklp where he thinks the dog
is htdmg B i .

» R

At flrst, give clues such as "Skip is at house blaé‘%g 2" or |«

""Skip is at house red 2." As each ch‘ild counts spaces and
correctly posts the dog figure, hé mayualso stick in place the
correct numeral for the house where Skip is hiding, Vary’ the
instructions occasionally; e.q., "Skip is at the fifth house to
the right of his own,(" (Emphasize that right and left are deter-
mined when you are fating the-map.} -Sometimes give "number"
clues without mentioning houses at all. -"Skip.is..at.black 2,%) .
Encourage the chtldren to postithe Skip figure as quickly as
poss1ble This may prompt them to use ‘more efficient methods
such as starting from -an already posted number (not 0) to find

a new one. Continue the game until all the black and red num -
erals have been posted

Fy

- » 2

Point out that the game is now too easy. Everyone can tell
where Skip is hiding. Ask if Skip can sometimes be between
two h0uses ive clues such as “Skip is between houses 4
and 5" or "between houses 0 and black 1." Then begin saying

just, "betweenvblaCK 3 and black 2" or "between 0 and red ) L

. T >

v




After a few clues of this type have been given, ask:

/

DO YOU KNOW, EXAQTLY WHERE SKIP IS HIDING? (no)
: WHY NOT? (He could be arywhere in the space between
© the numbers,) - S ..
Theng;ve' some clues w1th longer 1ntervals e.gd., 'Sklp is
between black 3, black 8" or "black 5, black 2." Here it is
even harder to know just where Skip is hiding s1ncc he could
be” anywhere between the fwo clue numbers.,

et
»

When the chlldren have had enough practice, choose a
ch11d to be Skip. He'shéuld choose a hiding place on the
story map and whisper it to you., He -then must give the class
some_clue as to Skip's hiding place. He should make it as

- hard as possible for the other players to find Skip..  The other
players can ask questions about Skip's location but these
questlons must be answerable by yes or no. Suppose "Sklp s"
clue is "I .am between red 3 and black 10," The dogcatchers
could ask quéstions such as "Are you h1d1ng between red 3 and
black 72" or "Are you hiding at black 52" etc. . until. they find
Skip.” Many children.should discover efficient types of ques
tions 'to use to find Skip quickly, questions that narfow the lo—
cation down by stages: Ms Skip hiding among the red houses?"
(no) "Is he between 0 and 52" (yes) "Is he between 0 and 37
efc.. Because the main purpose of the game is to give practice
in locatmg numbers ‘on the line, thie strategy of finding effi-

" cient questions is just,an additional benefit for those chlldren
who may work it out* themselves.‘ N .




[esson 26 MOVES ON THE NUMBER LINE

Activities in thlS lesson should help the chlldren to learn to .
locate numbers and to count.spaces on the number line with
ease. Combining moves on the number line is similar to addi- -
tion with sets in Section |. For example, when we start at 3
-and move 2 spaces in the p051t1ve (greater than) direction, we
have combined the set of 3 unit- spaces (between 0 and 3) and
the set of 2 un1t—spaces (between 3 and 5) to obtain the entire
set of 5 un1t spaces (between 0 and 5). )

~

oY

The ideas of | space moves- and the ex1stence of numbers half—
" way between the counting numbers are 1ntroduced .
Some children will be able to glve the correct responaes to, ,
Worksheets 44 and 45 rmmedlately 'They may gc 1o Lesson
28. Other children who nee(‘ more practme-may beneftt
from Lesson 27, ; . .

MATERIALS. ' N

— numerals 0 - 10 (black) and | - 3 (red) from Lesson 24

— Worksheets 44 and 45 )

Il
/

s

. : . ! . -
— strips of heavy peper in lengths of | and’'2 number line units -

PROCEDURE B .
A. Post or draw a number line with. umts marked on it similar
in length to those used for. "Skip's Trip." Arrange the num*~
erals in order after choosing a position of 0. The location
chosen for the starting point 0 should vary from act1v1ty to
activity to show that it is an arbitrary decision.

It is preferable to stop using the figure of Skip now in order
to avoid too much dependence on Skip, and to gu1de the chllo
“to respond to thé conventional number line,

- Ask the class how the number hnc has changed. (No Skipor™
- houses. The 0 may be shifted, which makes no difference. )
Tell them that they can now use this line of numbers to do
1nterest1ng, things, just as thev did interes ng things with
Skip and his street.
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O ) Directions and questions similar to the following should now -
+ be used: ’
. "'CA.N SOMEONE POINT TO BLACK 3? HOW MANY SPACES
FROM 0 IS IT'> (3 in the "greater than" dikection) - :

MOVE 2 MQRE SPACES TO THE RIGHT -~ IN THE GREATER
. THAN DIRECTION. AT ‘VFICH NUMBER ARE Y@U NOW'P (5)

. HOW MANY UNIT SPACES FROM 01S THAT? (5)

- Repeat this procedure with other starting points and numbers
. : of unit spaces. Sometimes move to the left -~ in the "iess

; than" direction, Sometlmes start on a red numeral. The chil-
dren can take turns q1v1ng starting pomts, spaces to be moved
and dlrectlon. .

cored B. After the class.understands moves of whole spaces, intro-

duce some half-unit moves. Show the class the l-unit strip
« of paper. Hawve a child hold it on the number line to show it
is just as long as one unit space. Fold it so it is half as long.

HOW LONG IS THE FOLDED STRIP'? (% unit space)

[ e e e - N

Cut the strip on the fold..~Place the left er}"gi of the cut strip
at 0.on the number line, ) . ~

. 0 1 2 . /_.3 . b _
. . ‘. . N . P - -..‘ N

~ ‘ WHAT NUMBER IS AT THE RIGHT END OF THE STRIP" (2 )

Mark the end pomt . Place the left end of-the strlp at 1,

’ > ~ ) 4' ’ ) ) 4 ’ .. x T .
‘. ¢ .o N o = 1- 2 3 r. lf' . .
. . . . \4_ = N : . LN -
- . 7 .

WHAT NUMBER IS AT THE RIGHT END OF THE STRIP'> (1%)

-

Place the left end of the cut StI’lp at 4. h N

N WHAT NUMBER IS AT THE RIGHT END'O[’ THE STRIP? (1) -
e , g ' g9




Lesson 27 PHYSICAL ACTIVITIES WITH THE NUMBER LINE (OPTIONAL)

‘The activities in this les sOn are designed to reinforce the

child's concépt of the number line. , They-should be espécially .
helpful to the child who has trouble ordering the numbers on
the line. Some children will not need this lesson.

-

.
5, A

MATERIALS - e N~

- number line on the floor w1th step long 1ntervals (marked.

w1th chalk or mas‘kmg tape) ‘ {

— individual-number lihes and counters

- » . .

PROCEDURE ot T s 3 .

v

A. Matk a number line on the floor with ghalk or masking

tape. Have the children close their eyes, and tell them that™
you are standing on the zero. After-explicitly saying that |
you will move one unit space between marks with each step,
taKe "loud" steps on the line, Tell the children which direc-
tion you»walk When you stop, have the children. predlct b
which numeral you are-on:— They then open -their eyes to check

. T L their predictions, o . . - Y e a

B. Pollow the procedure of #-except for start1ng at. numbers -
other than 0. - . . SN
T )

C. As a variation of e1ther A or B, have children do the walk=
ing, They can pretend to be grasshoppers rabbits;, kangeroos,

etc. S Y
, - D. _Commergdal "track"‘games, such as "Chutes and Ladders, " =,
' _ prom.e in counting spaces, . o

- -

E. Partners play, with each having a .small - (about I" units)’
aumber line and &ounter. One says, for example, "I put my -
.~ counter on 3 apd move 4 in the ! greater than! d1rect1.on.. What
" number do Iland on? How many spaces am I away from 0°? ‘:_
The other child may use his counter and number line to find
the answer., The partners alternate questioning. For each.
, -correct ans.wer the ch11d can make Sne tally marks

- N
.. R
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L Les's“o'h»z& Li-:NGTH OF MINNEBARS OAN THE mm‘m LINE -

In Lessona 29 and 31 the chlldren will add and subtract with
Minnebars on a number line. Before starting these lessons,
-+ they should be able to find out how many units ‘are on the |
*  side of the bar {without counting) by placing it '6n a number
* . Mne that. hab‘units' the same length as those on the bars.
. . Naturally they could count the units dtrectly on the bar, but
T ‘readlng the length on a numbqr line emphasizes the relation
" between number and length oir o pumber line.
N .

e - .
. - MATERIALS - :
B for dach childs™™ 7 S : T s i
) 1“\\ . . ) 00 - -v":;\
- | set of Minnebars I — Ay
Ar ' _ - | nﬁmbér line having numerals from 0 to 20 with }" spgﬁéug P
(The number hne tapes designed. for the add ition slide rule ) g
. may be used or numbér lines may be drawn on strtps of
o s paper-or on masking tape. ) o LT .
— masking tape VRN : :
* PROCEDURE- S . - S
Lach chtld should have his number line taped at the top of hlS e
desk. One edge of the maskmg tape should be exactly at the - e )
0, as in thlS sketch; : .
3 ) B - - - e .-.»
K 7 ) . N ' ’ )
é v: = - . i
‘ v I 1 I T LT T T T T T 1T T T 1 1 1 1
o éf 1 2.2 4 5 6 7 -8 9120111213 14 15 14 17 38 19 2¢
[ ¢ l
- . ' The first twenty numerals should be visible. :
. . ¥
\ T, * .




Have each child place a 5—un1t anebar along-—hls~number e ‘
. A line. The left end of the bar should be at the ¢ mark of the . |
’ numberline,” Have the children notlce that the 5 unit-squares °

i on the bar correspond exactly to the flrst S-unit length on this
. : numbeor line. Lead them to see that the length of one unit- .
square on the bar is the same as one unit length on this num-— :
oer line. (Other riumber lines may have ‘a'ifferent length unlts ) e

Ask the children to-turn the Minnebars so the colored sides
" are underneath. Ask each child to find a Minnebar whose
length is 6, without looking at the colored side, You can
. ) guide them by asking questions such as, “"How can the number v
o ) line help you?" and "Where must you place the left edge of
‘ the bar?" When each child seems to have found his & bar,
ask each to hold up the bar.

. e -¥

ARE ALL THE BARS THE SAME_:_CQLOR?

L0

. If a child bas difficulty ir: aligning the end ofthe bar with
the 0, a'paper clip or similar object can be taped Just to the.

left of the 0. Then the bar can be pushed against the barrier .
at 0, :

Repeat the lesson wifh different lengths as often as seems

necessary. You will probably want to leave the numbér lines
in place for the next lcsson




A .. "‘ 5 L,
e Lesscon ZQ.aDDING WITH MINNEBARS ON THE NUMBER LINE

In this lesson concrete objects (Minnebars) are usnd' to show

the addition of numbers represented by lengths on the ‘number’
line. The children should not be required to memorize the

combinations, s 4.

— .

. MATERIALS ~ ~-_

“+ . N T

for each child; L

— | set of Minnebars "
=N i

— 1 number line

— Worksheet 46

r - \
PROCEDURE . : . \
Have the number lines taped on the desks as in Lesson 28“
Have the Minnebars turned with the colored sides up. Since
all sets of Minnebars are not colored the same, -your bars
may not agree w1th those referred to here. Simply: use the : \
colors” you have

. B R _
Introduce the worksheet by going through similar problems »
together. Typically you might say the following: )

R i . LR

"FIND A RED BAR AND A LIGHT GREEN BAR. PIACE THEM

¢

L -
END-TO-END ON THE NUMBER LINE. HOW MANYJNITS
. LONG: ARE THEY TOGETHER? (7)
. HOW MANY UNITS LONG IS THE RED BAR? (2) | ]

HOW MANY UNITS LONG IS THE LIGHT GREEN BAR? (5)
~ CAN ANYONE WRITE A NUMBER SENTENCE ON THE BOARD

= ' THAT TELLS TWO NAMES FOR THE SUM OF 2 AND.S ?

i .. . (2 + 5= 7)
. . . ’ ~
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¢ ~ When you feel the children are ready, use; W'orksheet 46.

’ Worksheet 46 specifies the colors of the mnebars ,t0 be .

added. If the children cannqt redd the color names, ghow the )
" colors with crayon marks. If soﬂxe chlldren particul‘gry enjoy . -

this activity, ‘they could combine Minnebars of their own )
{-chome and write the” approprlate number sentences. o : :

-
~

I‘he Train Games 4 through 8 from Sectlon 6 should be usetul

ERIC.

Aruitoxt provided by Eic

-

at this time. -

v Workshw‘vz ~10, A
Unit M Name . &
Red - Blue Light' Red .
Green’ ’
* = CE N =
L } e ' °
Rjod . Black - Orange Red
. = + = o2 ~\
- & Ny
. .
Dark C)range Dark Red ‘
Green Green .
I = . = .
Lol N L
~ +™| Blue Black Yellow Liglht
Green .
. [ E3 = + = N
. R N oy
N -Light Oriange Light . Yellow . .
V Blue Blue ) L
’ I = T = i : !
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I . Lesson 30: JOINING STRIPS or DIFFLR@NT LENGTIIS ON THE
- . .  CNUMBEREWE -~ . "+ . &t e -
- ua . \(’ g L
®
Cs . Every pomt on the number line;, 1’10t only thos’e-pdmts marked
- . with integers, represents a real number I‘hus,, a’rWo real
.numbers can be added- on the number line if therapm‘opmate
) lengths can be located. For example, the sum™ ™ .
N .23+ 1.79 = 3,02 could be tourid, although» the.procedure
’ would be almost impossible on a small scale number‘hne, :
L . This iesso‘h prov1des a flrst step towa rds working thh num-
. ce ‘bars that are not.countjng numbe«rs. Paper strips of iengths

R . ‘ near an integral number of urmts (w.hen megsured) are'given to
the children. They place the strips end torend on the numkher.
line and note thet the total Iength is near an integral number

. of units, This'is all that is desired at this stage. T i

o " “ D , ¢ \ ‘.
MATERIALS : T ' - '
. - a . . e ’
y — scClssors I L. \
. — crayons
e . — Worksheets 47 and 48 - RN ' “

Worksheet 47 contamns a jargar-scale number line to be cut
out and used by the childiren in place of the number line used

. in Loessons 28 and 29. This is done so that~tha length of a
Ce . strip can B "near"#5, for r,\dmple and still have the lergfh

obviously dlff rent from 5 . , T ‘

v . *

<

PROCEDURE

- .

r

sheet 47, bltht macmuracre 11 the leegths due to vanalRl» -
cutting abxhty wikl not mattdr. The number Lines should be. )
cut on the dofted line ::lmpage may'be. prevented by taping
the number lines to tho dosks,

. <
v, ’9 v

MHave the childran comple(e Worksheot |18, 'I‘hey'aro..to place
ihdividual strips'and combinations of strips on the number

line and nota the longths are nirar intoaral numbors of units,
y ‘

S (' L B

: © N PO
Thd children should wolor and thon em\\ Strips ‘uni Work=- ¥’

~

-

-
.




: N 9 . 3
g ’ . T
. ¢ . o - .
i » Al ¢ . .
) ‘ ' ’ ) . - . ) « oy
B Eor example, in thé¢ sketch below the combined length of the B
strips is "near 4 units." “ K . ‘ |
. LS pgé . :
- ., R - R 3 B ' \
. ) C 4 4 - |
‘ R C 1 2 a
< ’ b " 3 b l? ? N !
~ —> .

o
‘- - : .
| .-y L] . . . .
- v » . *
o £ ' * e oY
You will need tq guide the children through the exercises to )
-_ i . ‘an extent depending on their reagiing, and motog skills; ) - ..
. ‘ ‘ . B \
[} ' . . .1 o . . - . t
If certain childrén Know combinations such'as 3+ 2= 3§ ) o
) : .~ (which is not fequirdd), they may like to predict that the sum PO
T _ of the réd length and the yellow length will be near 5 units, . o .
4 They-should then Jay the strips on the,number line and observe A '
. o that the total length is,. indeed, near § units. . ’ :
v ¢ * . : AN .
\ 'P ~ v © . . : . . : . [
R . N Iy -
: Worksheat 47 Worksheet 48
X Van v Nagee - . ~ , ] Unit1l+ , Name ) .
) : ~ ¢ - - - e !
N I Xength of blue strip is*near | .__units, *
Length of red strip is near 3 units,
N A ! * '.
L Therr lengt'l)ﬁtogether is neag_\i_ units, R
‘ - . e T e
s . . o TR = .
2. Length of yellow Strip is near _¢_ units. R
.~ . . ’ .
N ‘Length of white strip is near_f1 units, -
Thewlength together is near * 6 units,
. A K . v . .
3. Length of red strip g5 near 3 units.’
. . . 2 e ‘
R Length of yellow strip 1s near units, .
" Therr length .toge}her 1S near __i_ units, ] .-
- » | : : - 4 . s
! 1. Length of whne strip 1s near _, * _ units,
h ;. . \q ) ~
Length of blue strip 1s near I- units, - . e
o N ‘. ) ) . - /‘/,
» |7 . Thear length together 15 near 5 units, '
LU RSN e % - .
e . K - \ i)
. . ¢ ) . . Lt »_‘7-' 108\ AN o ! . 97 . i
. . . . ‘\‘/ - . ’ “b h el . . . . ) ‘o . ) : - l.’ - - .
. . . 0 R ‘ 1 ’ Q - ¢ . ' . ' tt &‘ '. - 4
o - - - X . S A <N w o
EMC : < . a ." Yo, . . . '

- ' " . . = - 0N ‘t
N -~ . . . .
. .




Leéson 3T:_SUBIRACTING WITH—MINNEBARS ON THE NUMBéR L"n\i*a '

LY ot

" This lesson prov1des an 1ntroductlon to subtrdctlon on the num- L
. .7 . ber line by ‘the nipulation of actual objects (anebars) on ’
- ~~  the line, SubtracCtion will be considered more in Unit 13,
' Interpretations of Addition and Subtraction. .

LN
N

MATERIALS L . o
[ ) ’ ) ‘ / .
¢V \ \'-'for'eacnh child: B

T oA L S

— | set of Minnebars 2

— | number line ©

L3N

o masking tape ~ i . ‘ A . AN - | o
*‘ o : s Worksheet 49 . B . ,'. C \ '_ h‘ - o b
,PROCEDURE S e
kN é.’Have the nu‘mber line§ taped-to the desks as in Lessons 28 .o

e e and 29, The anebars should be placed w1tn the colored
LT 51desup P '

5

-
L- 0

PN o -

'I'ell the chlldren that t:hey are now" gomg to’subtract on the, ce )
. _ -number line, "Ask for suggestlons on how to find the difference
o N begween thg, length of a black bar and the length of a light
e L green bar.’ Probably the Clearest arrangement 1s fo place the
N ) - longer bar on the pumber line and to lay the shorter one beside
it with the right edges matching. Then the difference’is read
RN from the num‘ber_lihe at the left edge of the 'short bar. This is
e " illustrated below. ' :

- b
3




. o PR N ‘. (X} . a’ 53
T ) The black bar is 4 units less ‘than the llght green bar and the
L light green bar is 4 un1ts greater thdn the black bar. .o
. SO - Ask someone to write the approprlate number sentence on the : Co _’5’;)’:;
U : board, (5 -1 = 4) . - I
When the children understand the procedure, have them find L
the differences in length of Minnebars of the colors suggested \ .
on Workshcet 49 . - ; i e
. . . [ o . T
R B . %vorksheet 49 A -
. LT . . JUni 1 Name
i ‘ Yellow Grange Dark Light - - <
. . R . Greén  -Green e H
. " \\ ~ - T
v . - - . h \N\J . . 1. —
Omﬁgi Black Purple Red . I3 :
N \“\\“ ) . R " be .
R - - = s 2" . . R
) Yellow PRed: =~ Dark’  Dark .. T
: : . Blue Greslt - <
£ N . - - . p
- . N s -
v _ Dark Orange . Dark Yellow
. s ] Blue Blue ) N i
- i'} - b - = - . i,
R | ‘Purple Dark ‘gnrpie " Orange . ,
Green e ) . s
g - Lo =, - L Y .
.: LR 4 - . . ¢
L . ’ «
‘?.:- " . f\a -
S ad £
A '\‘A \.
- 3 ’ ~e
» -~ Q
PN : & A
. 2 <4 *
- ' ? -
. : ! -
ST : Coee 110 : S .99 <
v . § ~ - -
~ N
" " . t i b
[ O ) :\, ‘ tad N - .

ot

ERIC

Aruitoxt provided by Eic:
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WTRODUCTION OF NUMERALS THROUGH 99
,The 1essons in.this section give practice_in repea ted groupmg'
into Subsets according to a given rule, give an explanation- '
of our decimal positional number system;, and introduce the .
wrltten and spoken numerals through 99 (optlonal throughx 999)..

= -

BACKGROUND _ - S -

Preceding MIN\JEMAST un1ts have only used the numbers from

0 tdo 20. Place value notation has not been mtroduced for
example, 14 has been written as a symbol for "fourteen" with-
out commenting about the two separate digits in ‘the numeral.
Now the concept of place value will be mtroduced The Hindu-

Arabic decimal system, the number system we generally use,

- _is called a positional number system because the numerrcal

value of a string of symbols depends on the relatLve position
of the symbols in the string.” For example, 325, ™35, and 523
. indicate different numbers (This is not true in all systems
of numeratlon”that hav% been used in the world.) :
. Writing numbers greater than 9_is probably so familiar.to you -
- that you hardly realize what @ wonderful 1nvention place.value
_notation was.- Suppose our number system had no place value
.-.notation. A.different symbol would hdve to be invented for
each number (as was done for the numbers from 1 to 9). At~
Jost, Wwe could memorlm. a few thousand different number
. symbols. Imagrne the expressions for astronomical distanhces

- in such a system! Numeration systems like that of the Romans |

do not require as many different symbols as. there are numbers

to represent, but new symbols must be continually introduced
- as the numbers representec‘ grow larger. Addition and sub-
traction operatrons”are less effrcmnt with Roman numerals
and multiphcation and division operatlons begome very com-
plicated. The power and efficiency of place value notation
can be apurocmted by oOnglrl‘:On w Lth other notations. o

b « - [N
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N
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" Whien nimerals using the decimal place value system are read
o or writteri, the positions of the digits tell what they sfand for.
... When & real number is represented, the digit to the extreme - -
+ right (before™thé deéimal;point) fepi*gsents the number of. ones,

the next digit to. the left rep_resé nts the number of tens, and.

*S3 on,. %ﬁ'ﬁis’system Uses a zero to show the absence of cer-

= tain groupings. “For example, in the- number 3027, there are
"3 thousands, no hundreds,” 2 tens, and 7 ones. Qur number -
system i3 said to be a base 10 system because each paosition,
of.a digit stands for a power of 10. For example, in the num-

eral 9785, we have § ones {or 5 x 10°; 10%is equal to 1), 8

. ®

tens (or 8 x 10! ='8 x 10), 7 hundreds (or 7 x 102 =7x10x 10),-

-and-9 thousands {or 9 x 103 =9 x 10 x 10,x_10).
s ‘@l}he childfen should begin to appreciaté the power and useful -
ﬁ how to write ‘multi-digit Arabic numerals. This is why the. -
MINNEMASI approach may appear ih’c{irect. We begin by pro-
# viding background experience in repeated-grouping (say,

ness of the place.value notation, not merely to learn (by ro.té) ‘-

T e _grouping a set _into sixb‘sge.ts of 5~ then-grouping five -of the su.b'—‘

sets of five, etc,), Grouping and recording groups.of-ten -are .
str‘és’sed. These groups are used in the explanation of place
‘ ». .,.value. Then the ordinary number words for 20 to 99 are intyo-
I ‘duced. Finally, the abacus is Antroduced as a.deyige to repre-
\ ) - sent our positional number system. ,The abacus-will be u'sed
again in‘Unit‘I3:' ) T

-
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Tesson 32: GROUPING GAMES "... - -~ | = I,
. In this lesson, the children will form groups according to a’
o " given rule (e.g., form into groups of 2;"G‘r-, by another rule,
form into groups of 3). -The groups formed are counted.” The
children regroup several times chposiné different partners each
time. After a few trials the children should discover the im-
portant fact that the number of groups formed (from the same .
. number of children) depends only on. the rule us_eﬁcﬂl_-and not* on
y the particular composition of the groups, This idéa_ is basic .
~ o " to the grouping activities in the remainder of the unit. ’

. ... PROCEDURE ~ ... ~ . S

- - -Have the chil'drerﬁ'p_lay A and B each thtee times.

X " A.- Game: The Rule ofTwo . .. - BT
e f Have the children move around the room, Tell the children
L Y that at a signal (such &s a bell) they should find partners to
form pairs -and stop moving. " If an odd number of children are
. . playing, a single child will be left without.a partner. He
e . . should stand alone. . Have:this child (or another one if:thedre“
* * is.no child ‘without a-partner) count.the number. of pairs and
record it on the chalkboard. The record might 160k like the
following: ' : . ' ‘

e

Rule of Two .
12 pairs .-, .l ‘Teftover

TR e e . ~ 7 -

Begin the game again with each ghild moving about alone. At
the signal, have the children form pa irs with different children
- than-in the first playing. Again record the number of groups.
After a third playing, the children will probably arrive at ‘the .
correct conclusion that if the rules and the total number of
players are left unchanged, the same number of groups will
always be formed. ) ' :

[% - »

s *
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. B.. Game: The Rile of Three - - g T
« Play this game as Game A, except that new groups are-formed . -
. - by three children ]ommg hands. The record might look some= ‘
. X ; ‘thmg llke the follgwmg' - : P .
' ' . : o w
: - . Rule of Three : .
. * . '; N " L. B N . . N v ‘ -
' 8 groups of-three | leftover - - - .,
s . - "l . q ~ . . e i
» - ~ . %5 R Lo . “ -
) « - ® * Lo ._ iy ': -~ . .
R N " . -~ “'12:5
A . « ) a w ~ - K
. - i . 2 .
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. T \ ing to a given rule and COunt the groups formed.

R DEIDIDDDDIIDI

" ue -t grouping by tens leads directly toethe decimal system of num-

MATILRIALS -

- . - ‘-
- - T
. M ey . N
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Lesson 33t GROUPiNG M’INNEBARS BY;TWOS" AND T-HREES

“ Here the ¢hildten make repeated groups wiéth anebars accord—
The first rule
Tgliven-for grouping is that any 2 piece$ of the same size can
_be- e?chanqed for one longer piece.that is equwalent in total
number of units tot the two smaller pieces. When starting w1th
“thirteen I—unn: bars the process-can -be represented by thls

dlagram~‘ - \ - v

\ \ I
' ! \ \\ ' vt

i FJ -y 1 J FIEJ

7 ’
.
: : CI] - _ I:J
. o - c° a.,
h ) ‘. — N Y “> - D

» . L)

---

10
>

The process ends W1th c’Sno 8-unit bar, one 4- -unit and one -
The second rule given calls. for - = .

I—umt, a total of 13 units:
grouplng any 3 pleces of"the same size,.

-

, These acuv1t1es thave value in prov1d1nj background for cers’
tain science’ top'lcs end méthematlcal concepts such as multi-
.plication and probabrhty However, the mmmediate appllca-
tion is i ‘provide background for Lessong 35 and 39 in which

- eration. ., Groups of smaller size afe easier to manipulate and

. perceive than the‘grouos of 10, E\penence with thom holps
prepare the child for“groupmg by tens.

+ . k)

-

for each child: . - )

~ .1 box or bag of Minnebars

Worksheets 50 and 51

> - T LU

Sl P




P;RO.C[‘;DU_RBu
A, Have each child place Worksheet 50 and a box of. ane—

.
T L Y

. traded fér .

. .
PR VR

~-.

\Tell the chlldren that the rule for this worksheet is that any

-, from the box and put them on hlS desk

4

-

. ‘_.__'!‘( A 4
3
-

Ask him to remove the black | =unit bars

bars*on his desk,
(There are l3 black

.-

'1,..,

he L

-bars.) - ) - )

Pl

two small pieces of the samte’ siZe’can be tfaded for one longer,
-piece, equivalent in total number of units to the two s_maller

¢ pieces (i, e. E] I:I:can be. traded for [ - |and| || ] can be -

. e

)
¥

-

Each chlld then start:s tracung hrs umt pieces. for 2- -unit bars.
He shoulo put.a pair of I-unit bars back ‘into the box, take .
. outa2- unrt bar, and place ‘the 2- -bar’in.a column under:the - *
eicture of the 2= bar on the worksheet, He contmues as long
as he can exchange pan‘s of I—bars frr 2 -bars, o

The 4- bars should

LI

A

} .

-

__Then pairs of 2- bal‘S are traded for 4-bars,
\o>phced m a columa on the WOrkbheet under ‘the plcture of -

. che 4- bar - -
“\\\ - v . N

“When. the &-.Ddrs haVe been pal\“d‘\he\t):ades a pair of 4=bafs
ior an 8- bar, and the 8- bar is placed on the wo‘rksheej: . \

IIe should now remove the'bars from the worksheet and record
with a tally mark in the proper column the number of bafs.he
had of that type., The record sheet will look hke thrs if l3 .

black bars were uaed

._‘\ > T . .
N N - L . .
. R . .

H
B
CDCDOCD

(One 8-unit bar and one 4-unit bar and one I—unlt bar are equi-

valent to thlrteen l-umt bars )

' Ropmt this activity as often as you w13h, starting with dlfft_r‘-‘

ant numbers of I+unit bars,

116




B.
count 0,

the name forﬁf@ and 2 Z,. 20 and 2,
that - .

v

Then hdve them count aloud 2,

Practice coupting by tens with the’ class.
10, 20~ gte., start with a8 number such .as 2.

Ask’
etcsr Illustrate on the board

12, 22, 32,42, and so on.

C N.umber B)\ngo - Prepdre tfagboard cards similar to the fol—

N - -

lowing:

2 7

26‘\ . ‘ r:_“

a

from 0 to 99.

Call'out numerals one at a time.
_numeral on his card, he covers it with a counter.. The winner
calls out”’BINGO when any.row, column or diagonal is covered.

D. C'ountincj lunch tickets ~dental cards, book reports, books,

Each card shéuld have a different combination ©f numerals
Each child should have a supply of counters.
If a child locates the-given

-

coats, children, ets. , areg all possible situytions where the

number names may be reinforced.

N

When theyacal
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Lesson 34; THE ONES PLACE ANLC TENS PLACE.
® - ‘ e %
This lesSOn introduces -the essential concept of place value 1n
our decimal system of numeration; .i.e., it will show that,
when 36 is written, it means 3 groups of ten and 6 ones.
MAYERIA%S N e Werksheet 52

v . < Unat 1t » Name .

~for each child:

Write Lhe number of your groups of counters in

Lo o : & . - - % ' “the boxes.
R >U disk counters Complete the sentences
- e = S smali paper cups © | B = -
— Work'sheget 52 . -

-

The small paper cups -
_ are not necessary, bit : —
- , are suggested to cut LI —
" ‘ - down on the number of

"o ‘ dropped countors, _ A ) i

- P PROCEDURE -~ C R . tens and _.___ .- ones is "

Y

. . . » ,..c' . ] ~ P
. . 2 . - . 3. g ) 'qg

tens and ones 1is .

——

A. "Have each.child plate
almost all (about 45) of his

A 50 counters on h.s desk |, , —=
: R along with his paper cups tens dnd _____ ones is .
. T i and”Worksheet 52. - ” P4 :
- . 3 TR T v

Fla.c the children groufp their counters by tens., You can tell
.them to use the little cups to hold the groups of ten counters
> , swce stacks of ten fall over easily. Have-the cups cohtain-
v ing the groups of ten placed to the left of the ungrouped count-
<18, When all the groups are made have the number of groups
of ten and the number of ungrouped single coun iters recorded
“in{he Ldble on Worksheet 52, The answers will vary because
the children w11,1 have different numbers of counters. ‘It is
o .. . the process that is important, not the "answef." Do not have
them complete the ontence under the table yet.

107
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~ Lesson 37: FINDING GROUPS OF TEN ON WORKSHEETS

MATLRIALS o p

In this lesson the grouping activities are more abs tract. Here °
the children are to find sets of JO syrmbols on a printed page.
They are,’ ofycourse, unable to physitally group these symbolsf,
but they can draw a line enclosing them to oind‘i'cate the groups.

4

2

— Worksheets 54, 55, and 56

PROCEDURE ~

-

Have the children look at Work-
sheet 54. Tell the children that
they are to show groups (or sets)
of ten by drawing a curve around
cach group of 10 x's, and aftert
wards record the number of tens
dnd the aumber of ones leftover«

on lines on the worksheet.. They -

should then write a "shorter
name” for the:nun‘m.be‘r.

& Lo ER

S

Woskshect 54 . . )

Unit 1l Name S |

NXXXXXXXXXXXXXX

‘

!

. -
- tens and __ V-~ ones 1s 19 .

XAXXAXXXXAXXXXXXXE XXX X XXX

2 _tensand_ 2 onegis 22 .

XXELANAXXXXXAXAXXXXXXAXX XX

o
2 : , '
2 tens and 4 ones 1s 24 .
-4

e \

XXXXXXXXXXXAXAXX LXK XX Y XX XX
. »

X X.X . 8

2_tensand

>

A
Ones s 28“ .(

XKYXXNAXKYXX X LR XX HXX X AR KX KX

XX XXX,
3_ tens and _ Y. 30 .

. LRSS 1o

pEv)
NN ALY XXX

[ 4
U tons and 7 Gnen s 7

- .
PRSPV ——— — -
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NUMBER W ORDS-TROM 2000 99

Legson 35:

. . . O <
It is strongly r‘ecommer,rdedjghat Ga\@ of Section 6 be started
now., . .. ) T :

. - - .
“ R L. - Vo

If the children do not know the words for 20, 30, 40, 50, 60,

70, 80, and 90, they should learn them. 1If they have under-
o stood Lesson 34, they should now be able to count with under-
-~ 'standing t6 99. - . - T

-

T MATER;ALS ‘ . o “
— numeral cards 0; 20;.30, ... to 90 °© - .-
. foreach child: - E « »

- - . -
L&

© — tagboard "bingo"

»

cards with assorted numerals 0 to, 99

»

counters,
PROCEDURE S S ‘

e

The procedure to be followed hcre depends greatly on-the pre—
vious achievenient of the class., If they are uble to do Activity
B easily, they Can go to Lesson 36 directly, Perfraps they

T w1l need the practice indicuted in all actwmes

LA (;le" one of the numeral cards to each of ten children.
Have those ten children ordex themselves and-then. ha. ve.the

) la:s 1dent1f‘y the numerals.” You may have to introduce the
namas of some numbers. Then stand behmd various cardy

nolders. C'brandom and ha ve the children glve the appropriate
ndme.

°

oy
B
P

#
.
.
<

2]
’ - . .
. .

&




L

é. Practlce countmg 'by tens with the class. When the ywcailt’ ‘

count 0, 10, -20.. gtc., start with a number such.as 2. Ask’
- . the name foretd, &nd 2, 20 ond 2, etct Ilustrate on the board _
: that T . L '

A} - i

.o 0+ 2=.2 .

. . 10+2=12 " L e L
: 20 + 2'= 22 . ' ‘

e . " . N ‘
T . etc. . >
) -6 . ) R . . o' st . : >

S e Then hdve them count aloud 2, 12, 22, 32,42, and so on.

C. Number Bl\ngo - Prepare tfagboard cards sxmxlar t:p the fol-
R S lowmg . . - - R ey
R e[ 2 [ ] 9271 o

.
* N 1 R

’ ) » ' —— . - = -

L e el o [areer [ 26 N

e T ] oofX|ea 3] -
S S 7Y 7Y N UYL IR -

_— - 33| s2[13) 76 92| . C

-

-

o . Each card s_;hduld have a different combination ©f numerals .~ -

.7y . . from 0to99. Each child should haue a supply of counters. T

' - ».co 0 Callvout numerals one’ at a time, If a child locates the-given -

o T _numeral on his card, he covers it w1th a counter.. The winper '
. calls out"BINGO when any row, column or dlagonal is covered,

*
1

- S .. D. Countmg lunch tickets ~dental cards, book reports, books, - B
' coats, chlldren, etc., arg all posgible sxtuauons where the )
number names may be reinforced. -

%»

t
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Lesson 36: TWO—DIGIT NU\/IBERS ANT COUNTLRD S Wl

. (]
’ 3 -

~ ) ~
f‘i} . - Again inthis leseon, tle children, form subsbts of ten counters. s g
PO SR They thdn exchange a subsect of ten for an c,quwale,nt counter + . _* . . (
J marked with q 1.\ 'I'hlb exwhdng‘. Lllu*etrat:.s the idela of tens' . d M
1IN two chglt numbers. o . ¢ . ‘\ . e ]
.. RN . . ™ . ¢ » N ~

R MATERIALS e : ¥ RN oo
for each child: - SN ' . - - Y
oLl prat — 50 paper disk counters CL

Lo ~ Worksheet 537 TN S
e g X PRO\,EDURL . . R S
’ - C . o \ : : f ¢ b
: “Each vhﬂd fakes 4 ofl hlS c,ountérs and marks both sxdes of RN
C adchwitha "I Tell them Lhajf the T mark stdnds for ten, .
Have thearked counters er)boxes (or othen »ontamers) and =~ . >
PG the unmat®®d counters on the' desks. Tell the children that
e ’ thls time when a set of 10 \.ounters is formed; jt should be
ST exuhdnged for one T-counter, wlu.ch is worth 10 of the unmarked
.t omd= dﬁlnters Have them make sets of 10, #nd exchange them .
o ) ac long as they are able. “Ask one or two)of the children to" T ‘
. - . report tj’lu final number of counterg ‘of each type that he has. .-
R . ® (4 T-cOtintérs'and 6 |-counters » if none of -his original 50
.  has“been lost.) Wnte 4 T's and 6 1's on the board
' \ : - -, v
"ﬂ . . - Ask for suggestions of another way to wnte the numb(er of count-
. Ty L ers represénted by 4 T- counfers (40) Write 40 under the 4 R
B - CTs on the board. Ask for suggesnons of a symbol to use for- )
the "and" 4in the T expresswn (+) Write + under the Mand"s- . °
and write in the 6. Ask for and write another name for this
sum. (46) They may need to recall haw they wrote* sxmllar .
. . numerals in Lesson 35; el g . 4 tens and 6. ones i 46' The
o " form’ on the board should now be: ' ~

"

oo , dT'sand 6 I'se .| - . 7. S
o 0+ 6 = 4g ‘ '

S

. ’ . Te )
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- ) ' e : ane
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N * ] ° i ) a : '73 *y
- . -
. - . Each, ch11d should put the T- cnnnters back inthe box along
: R with a few of the unmarkéd counters. The othér unmarkea >
e counters should be on his desk. He should then repeat the .
N . procedure three times with different numbers recording his - Y
SO ’ resulto Oh Worksheet 53, | L L. -
. . N ) R ) .
" . . . .
Once agaln, different numbers will be recorded on the work- .
sheets. You should see that the children understand the pro- ‘
; cess, but it is not necessary to chegk the accuracy of the o
) , + counting of the groups of fen. = o * . !
1 S e X -
. . worksheet 53 S ’ . o SO )
- . Unit 11 . Name. - ° v s as b LT Lo
N . . ) 7 - . - A L .. - v
. . . \.
L - . . Ihad T's and ones. G o ’ :
’ o ’ T or ) ~, F » f? "/i:
N —
. ‘ N -
- . - ) ‘ . ‘ )
2. Phad _ T's and _. - _ones. * ° . ) Y
‘ ‘o 3 - N ; i N - e
¢ L oa or . .. . . ]
. “ + b - .
- . o ) : N .
) . ‘8 3. I had T's and onus ‘ -
[ - . \ o
—— . SR RIS
A . ’ )’ oo e ) .
- *or + = o - - N N -
. - N2
- O e ° ) - , 3
R ~ : 5 ;
’ N ) . . .
. . = )‘0‘_' - e e ‘ - v’
" - A .
. i 4
o . v, - hal
. , . . “ v @ @ e oL e
Lt e T TS . . \ < ’ L
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" ~ * R
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N Lesson 37: FINDING GROUPS OF TEN ON WORKSHEETS o S

i

L4

ERIC

Aruitoxt provided by Eic:

e

/ They are’, oflcourse, unable to physically group these symbols, _—
but they can draw a line enclosmg them to md1cate the groups i N
MATLRIALS - . I - -
) - . : .. Wosksheet 54 . . o
' — Worksheets 54, 55, and 56 Uit 11, Name = |,
. - ) XKXXXXXXX XXX XXX
PROCEDURF . . tens and' 5. ones 15 195 . A

In this lesson the groupmg activities are more abstract Here
the chlldren are to find sets of )0 symbols on a prmted page.

Have the children look at Work-
sheet 54, Tell the children that
they are to show groups (or sets) __g.__ tens dnd__z_on‘—@ 1s _2_2_._
of ten by drawing a curve around

XXXXXXXXXXXXXXXX XXX XXX i

Qachgroupoflox'sl and aftert XKXA XXX NXXXXXXXXXXXX XXX .
k3
wards record the number of tens 2 2. 4" 24 ¢
i tens and ones 1s

and the n‘gmber of ones leftover«
on lines on the worksheet. They f — :

. ] XXXXXXXXXXAXNXXXXXX XN XXX |
should then write a "shorter X X% »

) - . “
name’ for thevnun‘l.ber. . 2_tens and 8 onos 15 28n

e 7

-

. . XEXXXAXXXXNKYKNNNAXAXKKXK |
’ ) . . X XXX X,
- ® , 0. \s 30
. tens and * Ones 1s

" Dot i ———— ) s
\ .

.\.":.':,"..‘C)E.'\' .
U 7

tes and: 7 [GITTE T
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On Worksheets 55 and 56 the obJects "have already been grouped
by tens to avoid confusing the children in counting. Here they
also are to record the rumber of groups of tens and the ones

on the lines and write the Yshorter name. " '

-~

Worksheet 55 . - , Worksheet 56 . 7 C
"l Unit 11 Name, l . Unit 11 Name . B
. 2 tens and _ ones is—_ 99 ] 2 tens and O ones is 25 . :; -

ooooo 00000 g¢
»

guqocn | mmmmg g

__° temnsand__" __onesis _°° ! tensand__9_ O opesis_75 .
S | f@?@? s
R '.. | %%W% zi
‘ _J tens and _5  ones 1s 99 _Y tens and ones.is __ 9% . c‘A;
. ' . m*mr ' *m» ’*¥#
. ***** INAAKX X
e et Lz

o
- r
¥
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Lesson 38: PENNY, NICKEL, AND QUARTER GAME - = =« . . - o

[l

In this lessdn the children use play money. They form sets of
S.pennies and exchange for eguivalent nickels. Sets of 5 ... S T
nickels are formed and exchanged for equivalent quarters.

/ ’ ‘
\, In addition to the experiehces with common units of money, S .
® N\ the activities here provide practice in grouping and ex- o
changing equivalént sets. , : T

. MATERIALS

»

tPla‘yXKoney for eacl:n child; - ‘ . . ‘

—-SOp'e\\nies ’ R -

~

o
— 10 nicke\

o

? — 2 quarters

*:

: . for play pennies the paper coignters can be used. Play .
nickels or quarters tan be heavy disks of a different size or -
- < color, poker chips, ° mmercial play money, etc.

N \-PROCEDURE '

Divide your class into groy s of 6 to 10 children. Choose two.
) children to be bankers for each group. Each has a desk or
\ . table as a bank. Banker #!'hys two boxes at his bank. One o
is initially empty and one contains all the nicKels. Banker# 2

also has two'boxes,” one containing all the quarters and the
other empty.

Give each of the other children fifty\pennies and a slip of paper
with a numeral on it. (Use various nymerals from 41 to 49.)
Each child places beside the paper thé& number of cehts (or
pennies) indicated on the paper. T'h'e_r le is that the child
should exchange his pennies until he ob ains the fewest pos-
sible number of coins, Tell the children-that they may ex-
change-5 pennies for | nickel at the, first’ l\ienk and S nickels

~\for | quarter at the second bank. Let them devise their own
procedures. N

126 L
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When they have finished, check the results. The children’
then exchange their nickels and’ quarters so that at the end of

~-the.game each child gets back his orlgmal number of paper v

disk counters. s

To glve more mterest to the game, you may suggest that the
slip of paper is a bill that the Chlld must pay. to receive a

~ prize (such as a star), a snack or a treat, The bill and money
can be presented to you at the "store" (your desk)

Another. variation is to have the slips of paper represent tickets
‘that must be paid for before the child can go on a trlp (to the
playground or lunch room, for example).
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Lesson 39 _THE HUNbREDs PLAGE (OPTIONAL)
o .o
This lesson extends the concept of place value to the hundreds
place. You’ may use the lesson if you feel that your chlldren
are ready for it. If a child masters the ideas in this Lesson - B
he will be able fo use with understandmg numbers to 999, -t N

Some children will mdependently extend the concept to thou~
sands ten thousands, etc

- MATERIALS =~ S _ ' >

for each-child: l - ' . Worksheet 57
a ) ) J ounmae Name

— 50 or more counters, (paper Write the number of yourtgtoups of counters 1n
disks) © o ) the boxes. .

N Complete the sentences. . ) ,"'»‘
— S or more small paper cups

S . ' “ -
s et n e | (08 B | =
for. each group ofi 3 or 4 children: .

— a shallow tray or box top, as

from ¢ Muinebar box - : hundreds ang- tens and ones
4 —— g N
’ - Worksheet 57. . ; — _
PROCEDU RE N g =
’ | N
' The children will work in groups :
of 3 or 4. -
» Have each child place almost hundreds and tens and ones
all of his counters (about 45) .
on his desk along with his paper . . 5 _a .

; cups and Worksheet 57. Each
child should begin by grouping
his own counters by tens, plac-- .
ing each set of ten in a paper cup. After this has been done,
«ach small group.of children should combine their counters:.
First they should see .if there are enough single counters to
make more groups of ten. Next, they should make a second ©
grouping by tens, i.e., form groups of IO ‘tens. A convenient,

way to make this grouping is to plaqe 10 cups each<contam1ng )
< 10 counters in a box lid, or mmﬂa’“tray, to keep them together. ) -

. i V17
A .
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Aruitoxt provided by Eic:

ERIC
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Each child should record on Worksheet 57, #1, the number of

_ungrouped counters, the number of groups, of ten, and the num-

ber of groups of 10 tens that his group of chlldren has formed
Ask for a volunteer to tell another name for "10 tens." If the
;dea -of 10 tens being one hundred is new or difficult-for the
éhildren, you should take time here to reinforce this idea. -
For example, you could draw &n array of 10 rows of 10 objects
each. The children could then count. the one hundred objects
The sentence under the fable in %! should now be completed.
Explam that in writing numerals for numbers over one hundred
we use three digits. The hundreds place is to the left of the
ten's 'pla‘c’:e. : g -

Repeat this act1v1ty with dlfferent numbers of counters for #2
on. the worksheet .

<
vy -

I
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- Lesson 40: REPRESENTING NUMBERS ON AN“ABACUS ) -

. o

. 'The abacus has been used in various forms for centuries as a .
Cme. " physical device ‘for recording numbers. It is. still a convenient
and useful tool and can be used for many quite compllcated -
~mathemat1cal tasks. It will be used in later MINNEMAST ma-
. terials te illustrate addition and subtfaction operations. Here
. . . the chlldre,n will us&it primarily as another concrete represen-
) tation of numbers up to one hundred
An abacus should be available for the children to expen—
ment with before any formal presentation ‘s made. e
MATERIALS N
. ‘€ )
L ' - — abacus

"

/

- — about 15 objects for the flannel board -~

™

— Worksheets 58 and 59 i ‘ ‘ \ e

g PROGEDURE T S

“« o, - . -

— .

" . A. Show the children 5 or 6 of the objects, “and tell them that
they will be counting them. Place the cleared abacus where-
the class can see it. Have one child move one bead into the'
column on’his right for each object as it is counted. Have the
child moving the beads report the number of beads he nioved
mto the column, . y

»

Display 14 objects. Repeat the above procedure. Ask how < -
they ‘should proceed after the ninth object Lead them to sug-
-gest using the next column to show the groups of ten.” They
~ should see this easily after their other work with grouping. . ‘
(If you have a 20 bead abacus, 1t is possible to have 14 beads - s
_ In the-fairst column.  This is correct, as an intermediate step.
B . However, it is mse to have the children realize that to agree’

: with csonvcnuonal notation only nine beads can be in any col-
umn. Perhaps explain that if there are many more than‘nine
beads in any one column, it becomes confusing to. tell the num-
bor of beads.)

Repeat with difforent numbers of objects for practice.

: ~ N
139 ’




8.1) 'l’he children should now be ready for readlng a number fro

- - abacus. Show the children an abacus with 3 beads in the
ght hand _column and 2 beads in the next column. Have .one
e ' Chlld write the number of tens and the number of ones on the
. boarc (2 tens and 3 ones). Have another child wrlte the num-
‘ ; eral in the demmal system (23).
N Repeat this act1v1ty with other numbers as often as you feel is’
N necgssary . » - ST e
! N B ’ »
o . C. Have the class do Worksheets 58 and 59." . _
> . o
2 Worksheet 58 L . . Wdrksheet 59
Unit 11 Name . Uit Hl Name
. Name the number shown by the bt_ddb on the ~ . Name the number shown by the beads on the
abacus in each picture, abacus in each picture. |
W aWaVal / nn
- /
f ' J
| .- ) ! G . q 3 Q )
. ~ \—;J @
¢ N c
N i . .
N 4 téns + O onessz_ 49 8 tens + _2_ ones=_082
- A "‘ ) S P n0n
| ”~ “ -
. .
S T tens + 6 ones- 76 \ 6 tens + _4 ones=_04
o } ) ' - Ao . . oo
. &
. .
~ ‘ .
. 3 tens + 9 ones= 39 o ‘ 2 tens + 8 ones= 28
¥ S
) ~
) ‘
; 120 ' ‘ . :
9 ‘ . - o
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muppLEMENmRY GAMES

There are many mathematical concepts to which young chil- ) .
dren can and should be exposed. Some of these include prop-
erties of humbers, commutativity of- addition, and principle’s
of numeration. They should meet these concepts in many con-
. ) . texts. One is the more formal, structured situatiop described
B in the precedmg lessons. Another very fruitful one is the game
t . situdtion. Games-can be introduced at the appropriate time ) 7
in the formal presentation and then played and expanded (pre-
ferably by the chlldren) throughout the year,

~ The games described here shouia be regarded as skeletons for
similar games. “They should probably be introduced to small 4
. : groups -of children at a time. Use the games accordmg to the -
S _ chlldren s needs and-interests, , )

w21




-.Game A TRAINS /

& The various train games described here are designed to develop
spatial relations hips., develop an intuitive concept of length
and present addition concepts within a new embodiment,

t . N )

MATERIALS

w

.=— Minnebars
* }
&,

" — deck of cards with numerals 1 to 30
" > - . -~ - ‘ -
PROCEDURE . - L _ ' ‘ _ :
e 1. The chlldren will have had many opportumtles through the
year to play with the Minnebars. They will match the bars;
build towers, trains, buildings, roads or patterns; and'develop
their own activities. Let them make up -stories to go with their
de51gns The Minnebars should be left in a place ‘easily acces-
"sible to the children for use durmg free time. Encourage free
activity as well as the followina structured situations.
actl ® : ]

2. Have children work in groups, of three or four. Each group
should have three or four sets of Minnebars. Tell each child

; to take a handful of Minnebars and tQ build a train with it.

N Ask questions of each group concermng such things as which

o .. train is the longest and how they can be sure, and what kinds

) .of cars each train has, The-purpose here is not only to broaden
- the child's concept of length and addition but also to widen '

' his investigation qf .the train he built,

. wy

-

3. With the children working in pairs, ask one child to pick

- up a set of Minnebars. The other is then to take a different
set of bars that have the same number of units altogether. ,
There are a variety of ways for the child to find out if he has | .
the same number of umts, including ‘'matching colors by one-to-
one correspondencgs~er laying out'one set of Minnepars end
to end and constrfucting another train of the same length,

*
L] -~ ‘
.
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4. Tape a numBer line with

the samé spacing as the Minnebars

to the floor or a counter top. Ask the children to6 build trains” . |

along this number line.
of the caboose at 0 and build
them give the train the name
reached by the front of the engine.

different length trains.

Of the point on the number line

First, have thenl line up the rear end

[y

Have

-5. After a child has built a train’
pieces so that the Minnebars of e

%

ask him to rearrange the ‘
quivalent size are grouped

together. This set could ke rearranged this way; *

P
{

+

—-— - -

- -

)

6. Each child should start with one set of Minnebars.
the child build a train with any combination of Minneb
After his partner has removed some of the cars, he is

and a-2-unit car, C

Some possible expansions and variations of
.. <

< s = « 5

to put © *

other cars in thei_r place so that’the train doesn't_ become lorger

or shorter. A‘car cannot be replaced wtth the .same fype of car. .
For example, a S-unit car might be reglaced by a 3-unit car . o

" Have N
ars, b

A. The "'chénger" might try to use as many bars as possible . >
in each substitution. For example: : : .
N 8 P o
- ah
4 :." ;-
.\ - )
. A
134 173
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" ! . :
. . N . . \
B. The "changer" might try to-replace the cars' in such a way
that the total train has as few pieces as possible. .
b P by [ P :
o . t 1 ] l. \ ‘ ]

* 7. Rrepare.a deck of index cards numbered 1-30. For individ-
ual play, the.child would draw a card and build a train of that
length, For a pair of children, have one child draw a card and'.
both chlldren build trains of that length. The two children cas

race to see who can build his train first.

8. Have the children line up a train on a number line and then
move it so that the ear end of the caboose is at uny numeral
(e.g., 3). They should notice at which numeral.the front end
. of the engine stops. Have them move the same train several
times, noting the positions of the caboose and the W
each move. Have them describe tb_gg,ualn-lﬂ—tMWay :

-
P

N ;:W

-""'."/ Rear of Caboose Frout of Engine . -

moves to ® ‘ moves to * . .
. ) 3 12
" 8 i7 .
N 6 . 15
1 - i0 )
0 .9 . o

9. One child builds a train while his partner.is not 1ooking.
"The builder makes a record of his train and takes it apart, -
He theh gives the record fo his pTrtner who rebuilds the train,

The record could be a :g‘ies of appfopria tely colored crayon
marks or a series of numecrals to designate the length, e.g.,
orange + yellow + dark gréen + light blue + dark blye, or
3+44% 6+ 7+ 8, . ) 3

+



107 Encourage a ch11d toisee how many trains of d1fferent

< Jengths he can build using only blocks of zne color.. He should .
compare the lengths of the trains by~noting the number of units
in each train. He might record thgse trains_in the following | °

. manner; L . 7 k ‘

- ¢

i

Blue Trains (usi}{g“4 -unit Minnebars)

‘Number of Cars .~ - Length of Train N
e 2 B \

|
. 2 8 o \,'\‘
3 . T2 R ¢
) - 4 . 16 . .,
> S 26 _ -y
N . L . o b -
"This recording. may be done in any similar manner. . . . . R
% > \ . [N i !

1. Have g Chlld build a tram and record tbf\number names of .
the cars in hls trdm ' f

.
1

-

~

-

1]
t t
t ]
l 1 3 t

L;',‘ 2+‘+ 5 2 +|+'2 ,

. .

N
a

-

A t Y. ¢
Then he qis to rearrange the train with equivalent cars together.
- E ik T o
o ! ‘ : P~ 1.
[} ~ e
*

V a‘Aék how this could be written in a shorter form, and, if neces~ i / \
©  sary, suggest the way by saying that there are 3 cars of 2. 3 *
units each, atc. . . o o S e

i L
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Aruitoxt provided by Eic:

‘ &a s / $ , oo
- ya < Py
- . w : 4’ ? 7
/ ', . T - ‘ . . . wos ‘ .
12. Encourage the childrey to find various names for describ- ‘
ing ‘the-number of units in the same length train, as shown . o
below, Have>them build trcnns, ‘rearrange them and record,, ’
: e .. L . . r“. .e . . ._1"\~ .
**« _ " long name . + ‘" wshort name, ) "

. . . " e -’ 1. .‘.& . . R f»
SH2E AR 0+2¢2 27T o T 19 T - )
2+2+2+3+4+5+| ST ACIE

« .y I R .
N 3(2+3+4+5+I P |9 : )
|3 After actwrt‘y |2 have Chlldren cl.sk::stJ.t:ute longer cars) |
for two or more :maller pieces so that the train remains the ,
same 1eng§h‘. They ’shQuld record th?ese in the same way.
Child -« - c . . ..
. shbstitutes:>, Cars in Train  Long Name Short Name .- ’
L .6 o 3424 14 4+64+ 17 f
i Sfar3+2 . -5 B ledebrl 17
1o forS+1+4 3 T e A
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.- Game B: EXCHANGING GAME

) ) ?’1‘. . .
This game’ reinforces the idea that multi-digit numerals repre-
sent a great many orles or units. The game should be started
soon-after Lesson 34. It will continue for up to three months.

*

MATERIALS -

(¥}

- — many small slips of paper { .

— .locomotive and 3 cars cut from' colored construction paper
The last-car should be labeled "Sets of I's," the next car
"Sets of 10's," and the car just behind the locomotive
»Sets of 100's. " The cars should be pasfed around three .
edges to g sturdy cardboaid backing, and left open at the ..

tops.so that they form pocket;s_.

/ST :

Sets of
10

Sets of
X

PROCEDURE -
There are many desirable activities that you might want to

keep track of for éach child. Among these might be: readﬂng'
- a book, being on time for school, doing a homework assign-

ment, bringing back a note sent home. Choose one or a com~- ™™~

»ination of these that y&u expect each child to have done at
least 50 times in three months. '
Bach time a child does the activity you are rg'cording, gi\{e him_

+ a small slip of paper with his name on it and have him put his .
slip in the one's car (caboose) of the train. He should fasten >
all his slips together with\a rubber band or paper. clip. When
ae has 10 "passengers" in the caboose, he can exchange the
10 slips for a slip of a different color, the 10-slip.” This dif-
ferent coiored slip is put into the tens car. The child con-
tinues to collect slips for the ones car until he has 10 more
that he can exchange for a 10-slip. Ten of the 10-slips can
be exchanged, when they accumulate, for a slip of a third
color, the 100-slip, which" goes in the hundreds car.

138
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.Meanwhile, you keep all the bundles of slips that the children
have’ exchanged. At the end of the playing time (perhaps
three months), reverse the procedure., Call in all 100-slips
“and provide 10-slips in their .stead. Finally, have the chil-
dren exchange the 10-slips for shps of the orlglnal color (10 .
for each 10~ shp)

Before the final exchange, the children should predict how
many slips they will have altogether after the exchange, Have
them check their predlctlon by counting slips that they hold

at last.




Game C: BUILDINGS -

These games are designed to develop spatial relationships,
present addition concepts within a new embodiment, and intrd-
duce the concept of scale drawing.

x

MATERIALS
— Minneébars
— graph paper

' PROGEDURE

A. For the first day or twd, allow the children to -construct,

"buildings" (vertical arrangements) by stacking Minnebars.

. . They may build one-legged buildings, two-legged buildings,
\ . .

N >
-l ’

»
1 \ + ‘. Y
. ’ ’
7
. Nheaod d

or multi-legged ones. It will be a challenge to make multi~
legged buildings stand up.- The children will soon discaver
that the cross pieces 'may not always be horizontal and that,
in order to make them so, wood must be added to the shorter
leg. -

F 4] .

The children will find they can build more varied buildings by
constructing them flat on their desks and pretending they are
standing. The problem of making them stand limits the pat-
terns. Encourage flat building for the next activity,

140 - SO
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B, After a child has leveled a building, ask him to keep a
record of his building on graph paper.

Give each child a sheet of graph paper and ask him to make a,
picture of his \building by using one square on the paper to repre-
sent one unit on the Minnebars. The record might look like

this:
7 f//////i/( 1.
2 //(/f//.z/_ ]
L ol
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