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ABSTRACT :

This volume is the sixteenth in a series of 29

coordinated  MINNEMAST units in mathematlcs and science fcr |
kindérgarten and the primary grades. Intended for use by second-grade
teachers, this unit quide provides a summary and overview of the

unit,; a list of materials needed, and descriptions of five groups of-

lessons. The purposes and proceadures *for each act1v1ty are discussed.
Examples of questions and discussion topics are given, and in several

cases ditto masters, storied for readlng aloud, and other '

instructional paterials are included in the book. This unit begins )
with a review cf ordering .concepts and then introduces linear N
measurenent to the nearest half inch, measuring and adding fractional .
units, and measuring diameters and c1rcumferences. Fourteen 1lessons

are devoted to systems of numeration and place value. The measurement

of weight, an introduction to negative numbers, and our monetary

‘system-are the subjects of other lesson sequences. (SD)
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INTRODDGTION

4 .. N . Vi

This uni'g\is des'fgnédr - A \ R
.. - To 1mprOVe the Chl\kd S alfuhty to make quantltatm)e measure-
_..’ . ments by giving h1m practuce in }r\easunng the properties of '
W lean:h ant we1ght.. _ . o - .
\3- - TS ' et : ’
o ) ‘ To 1ntrodace thefidea that measuréme s vany because of
human error and 1mprecrse measuring dewces ’

B
. - v - . »

- : : Loy ’ .
'+~ To enlarge the ch11d s.comprehensmn of the real number
system\l:\y extendzng his knowledge of numbers to 999, to . )

.

fractionk, ahd to negat1ve integers,

4
2

N

-

+ > .
*

- To explain\the, structure of the dec\ga-l place—vaiue ngtafion.

v - »

A - . ‘ . . .....<",
. - To pi‘ov1de~‘;§per1ence in calculatin with dehominate quan- '- N
tities; 7“ynches 6 feet 107 cents)ﬁn-' . . ‘

A ¢

. NS ‘ .
At th1s “point ih the MINNEMAST program, the child has had
‘ - expenence in comparing objects ‘oni- the basis of s1mp1e proper-
P . ’ ties and has started. to_study the real number system. In this
unit we:want him to learn to mgasure more accurately, using >
. o qua‘nt1tative scal‘es on rulers and balances, . ‘We also want him -
‘to learn more. about the number system by examining' some of
L. . the ways numbers are represented. ‘ \
. R . N
“ Rreviously the child made rather rough estimates of the proper~
- .7 ties of‘objedts by comparing them two at a time (binary. com- * _
w par1son) When determining the 1engths of ob)ects he hned -t
o . ' . them up and arranged them in order by eye When compar1ng RS
) , weights of different’ objects he judged their heav,iness bv i .o
- . "hefting them in his hands. In th1s unit the child discovérs -y .
. that these simple binary comparlsons do*not give very accurate e
. ) ‘ determinations of propertres He finds out that a rulet, or any
' ' . . such quantitative measuring devide, gives more precise mea- i
" ’ \ surements, He also discovers the advantages to himself and « . *
; . others of th1s 1mproved descnptron of a property. .
Length and wemght are the two propertles-used ;o illustrate .
the need for quant1tat1ve measurement Thé idea’ is-, that sim- ' -
ple b1nary compansbnmand sub]ethe Judgment do not ‘, :
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carefully describe certain Lmds of properties. A more quanti-
tative method dis. needed. The whoie process of measurement
is an attempt to extend the precision and accuracy of the
human sens’es ‘Our eyes can jydge length, but with*a ruler
R we can measure it more prr,crsely.

Measurement, then, is a tooL we use for mak1ng more accurate .
( . and obJectLve obs&rvations of the warld. The better we can
. ~N
. : describe and analyze a thing, the belter chance we have of .

.understandlng it, and measurement en \ les us to be quantita-
tive in our descriptions’ Thus measureirent is a fundamental

* part of the scientific process, and the %asls in this unjt is

* on measurement rather than on length or w g\ht per se, :

o

. - - 4 .
F . . @ In performlngﬂmeasurements we always f1nd a certain amount S
4 ‘ of variation in the results. Different people m:\get different "
S * " answers, and- ng instrument-is-perfectly-accurate, " Thetefore,
“n this unit we, take up the subject of error and variation in .
measureme,nt so that the childill have early experiences™ . .
with the-practical problems of maklng measurements '
- . . . - - : 3
. ' Tn enlarging the ‘'shild's view of the real number sysstem, num-
N bers. up to, 999 are 1ntroduced Fractions and negative numbers .
- - . . are considered in a very rudimentary way, as are other mathe- ° '
» matical ideas (the ,value of coins, the Egyptian method of rep-
i N rr=sent1ng numbers,, . etc.). \/Iany of these extensions of,the
y i child's v1ew of mathematiés have important practical applica-
. tions and will be emphas12ed in other un1ts. But the emphasis )
) - here is on.enlarging the meaning of the number concept There .
. o is no wish taq minimize, for example, the ‘significance of frag-
. . .Hons -~ so essentjal in-many kinds of calculations and'mea-
r.surements "But mofe important at this time- than the chrld s . e
. amhty to man1pulate fractdons is his reahzatlon that negatlve
. ' ‘numbers, fractions, *and numbers up-to 999 (as well as the’
. " digits from 0 to 99 with. which he is already familiar) are all .

-t

E . i .
- . part of the same se:l ef real numbers oo - T

-1 -

Similarly, the base-four systeém of numeration is introduced

. . only to clarify the decrmal place—value system of notation we
= . .use for representing numbers, No emphasis at all should be -
, T e placed on memorizing the base-four system. Also, all consid- - ‘
: B eratlons of theé subjeot "number vs, pumeral," are included T

“only to hélp thé chlldren drstmgulsh a number from the’ varlous 4
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tions, others for representmg fractions; and still others for’ .
studymg the’ propertles of the numbers. Ifis precisely this
flex1b1hty of representatlon which needs emphasis, Once a
chlld understands ,the concept and structure of numbers as dis-
tinct from the way they are represented, he can choose which~
ever symbols or systems of numeratlon best suit his purpose

NOTES ON TEACHING 'I'HE UNIT

L

This coordmated unit should be taught during two class peri-
ods each day, and be completed in four or five weeks. How-

ever, you may W1sh to'begin thig unit before completing t= r

Unit 15, Investigating Systems. In that case itis suggested
that you start.teaching this unit in parallel W1th Umt 15, at
any point you find tonvenient, - .

I

The first part of a contmumg story, "Tor," appears%’at the be-".

ginning of Lesson I, Tor is a very inquisitive little man from
outer space, Teachers who have fried out this unit found the -
story highly motivating to the children. Children not only
enjoyed’ preténding they were answering Tor's questions, but
seemed to find it easier to explain th1ngs to h1m than to an-

" “swer direct questlons “ You may use the Tc Tor’ ‘device as. much
as you see-fit. For your convemence a black and white fig-.
ure of Tor, is provided in the. prlqted materials, TRkis can be
colored and. mounted on cardboard by you or the ch1ldren,

or you may choose to draw your own figure of Tor or use one
the children draw In any case, make _sure the figure has )
two- ~digit hands (only dfe thumb and one finger-on each hand)
asthis is useful in introducing the lesson on base four.

[T -

Questlons may arise about what "Weight" is. To avo d long

departures from the main subject of measurement, you can ex--
plain to the children -- guite simply -- that weight is the

property of heavmess that all ebjects possess. We Lnow that.
we are somewhat sensitive to this preperty because we can -«
feel the weight of objects by holding them 'in our hands,
Should some children he persistently curious about weight,
they should not be disccuraged, but should be told that the
weight of an obJect 1s the pull on that ob+cct by the earth.

*

~

. ways it can be represgnted, Some ways are useful for calcula~. ~ .

|

*

LW

LR .
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o RN vieASURING AND ORDERING . L .

PURPOSE ‘ ‘
' — To review the propér use of the greater than (>), less
o - than (<), equal to (=), and appears to be.the same as (= )
.. symbols. -

e e - To h2lp children $ee the advantage of using ai'fferenE’iqnits
of measurement. e ' N

-

. \
o~ . . . P -t - W™ -

-

- 'To give practice in the use of measur1ng tools. - .
C- = To 1ntroduce the use of fractional units in measurement and
to glve practice, in the add1t10n of half units. ;
pr— e Lt A AR . } /

S COMNIENTARY ; . . s

- . A . <
. .

o This section rev1ews and extends earlier measuring eXxperi-
™ ences and emphasizes determining 1ength and recording, it,
The records then are used as a bas1s for review and practice
in atithmetic. _ e T ;
—— ‘ The sect1on consists of - four lessons, each requiring ,about
two class periods. A story is read to the chiildren to, intro-
duce the activities of Lesson |. The activitié's include a re-
. view df the symbols’ listed above, orderlng by length, and’
° ' ‘counting by ones. Measurements in thlS 1esson are made .
’ with the centlmeter scale

-t

g . « « In Lessoh' 2 the symbols are used to“record,coxnpér_isén of . =

- womem — - numbers, The children use rulers with an inéh scale to

measure objects to the nearest inch or half inch. Thisin-
forination is plotted on a number line. '

: : An eyperlment in Lesson 3 1nvolves using ordinal numbers
- - (ficst, second third; etc. ), measuring distances, and record—
ing data. The number line is used for thé addltlon of half RN

.

unitsofmeasurement < - . 3 :

. 2 v
1 - . ~

) Lesson 4 introduces two new mgasurements that can be made
¢ on circular objects. jI‘he chxldren have opportun1t1es to inves- -
& tigate the relationship botween circumfgrence and dlameter.
|

AR
2
Ve . . . 1:;—- . .
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. . . ‘
\/Ieaourements are plotted on the humber l1ne and .more expem- - )
ence with whole and half umts is g1ven i :
. o w
.. v 1 -
. . £ 5
“‘? ¥ . 8 R h
! The bdy in the photograph is usmg numeral and symbol cards, . - o
) to show that 7 is greater than 3 and 3°is greator than 2, . If .
you wish'to uge'cards in this way, they are gasy to make; o6 o
you can borrow them from the flrst—grade supplu s, .
. . " ) o
3 v . M U .
. - ' / . - K " B
. B », 5
3 ) .




L A
. .
: 3
b
.
] K
£y -
P .
I
-
L -
v
.
P
i
Qe
¥
¥ v
3
s
4
¢
s
~
D
3
P

- 7 " Lesson I: A REVIEW OF ORDERING

i . A story introduces the act1v1t1es of this lesson; which 1nc1udes
- R a review of the use of symbols, ordering. by 1ength and count- "
oo ) o ing. As in Unit 12, Measurement with Reference Units, “length

is defined as the measure of the longest dimension of an object.

-

L — ) . Activity A revrews d1rect comparmg of lengths and recording of
' the comparisons, You may want to remind the children that
. some objects. can be compared for length not only by iningup .
N S one end of each, but alsc by.stacking objects: appropnately -
the longest at the bottdm, Try to guide the discussion_so that
) . the use of the symbols (> <, =) occurs naturally when thé
I SR children are comparmg the lengths of the varlqus ob)ects

. . . o , T .

Y

N

k -For Act1v1t1es B and C, Worksheets 1-4 give 1nd1v1dual prac-
o tice in ordering the lengths qf objects in two ways: by direct
comparing and by measuring. Remind the children of the spe-
] cial ways the equélity and appi‘oximation symbols are.u.sed—. ’
o’ de *
) -~ The eguality symbol =) should be used to state the number of
N ) objects in a“set 6f discrete cbjects, because the number is
o - ' ~kn?wn to be ‘precisely 3 ansl not-2.or 4, E: rample 2

Zs
B R M- -
o ? f P -~ .

- F . I e

o N, =3 )

) “This says, “The nu"mber-*of'objects in SetA is exactly 3." .
ER R ' . . D ' ® &
B ‘ The approx1mation Symbol =) should be used to state a measure- )
; ment, because measurements are not precise., A measurement “of
e 3§ mches may«be 2, 999—91&«3 OO-L_eExample...“____, ™

A . N S“Tnches - N _—
\ N k.‘ ' ’ A o . . A

A — =

This. says, "The length .of obJect A appears to be about 3 inches.'

. Act1v1-ty .D gives the chlldren a review of the counting numbers
. from 0 to 99 (Worksheet 5)

ey

’ . * 4

Vv
-
N




s o < "As Tommy was doing thls he lookedJup and saw a streak***m—-—-——

g
Ll
[y
«
/
/

»

. MATﬁRIALS o ~

- ~

e . *

CL- story, "Tor " provrded,below

'-.-, drawrng of Tor, provrded in, tﬁe prmted matenals

. 5 flat rectangular objects (boxes, rulers books, etc.) ~=-
2 of which-are apparently of the same -length —_

S e = MIN’\IE\/IAST rulers, | ger child-
) Worksheets 1-5,in Student. Manuals

— scissors. for each'child -

. PROCEDURE o g
w i ’ 4 . -’ ‘t:\ - i AW \ » L
. Read the story, "Tor," to the children; ILater, perhaps during \
T~ o art or free time, they canhelp you color and mount on card- -
' ’ board the figure of Tor prov1ded in the pnnted materlals The Cee
" figure (orzanother drawn by you or a ¢hild) can be placed on

the chalk- tray dunng the act1v1t1es

-

. - ,-»—-_.__......‘...r —— e v o e . .
N . [ . _ ) R

» . . U TOR
L T The chrldren in the second grade were s1tt1ng at their.
T ‘desks, quietly read°1ng. MlSS Iohnson, the1r teacher, suddenly "
L - .

+ realized that the room was much too warm. Speaking softly to
one “of her students, she said, “Tommy, it's such a beautiful

da‘y, alm‘ost,_like sumnier. Wouyld you open the wi‘ndow,s.,A please? "

-

™

of brlght ‘white’ hght hlqh 1n“the sky. Then the hght came~
S *  nearer, It‘looked more red than white, The streaL.seemed to

_ point. toward the school yard just below the windows,
v N
B ce e e Tt
_____ m_Mlss_Ith,son," ‘Tommy called -out; " sometlfing's coming .

r

dowh out of. the sky. I think it's going to land on our play- -

ground! "




— - ' Everyone rushed pe'll—mell to the windo‘ws . All'hearts

“T'\' ' ‘ pounded with exmtement as the red streak slowed down.

~.

oo - Then it gave off-green and purple puffs of smoke Then it

_ we‘nt\beeple, beeple plop, and landed —-- w1thoat another

. ™

sound -- ngtTt‘m\th\ecenter of the school yard
- ~ \
.- . “It s ‘a space ship! I )u\rknow it's a space sh1p I

-

v

- 'l‘om'my excla1med. S . ‘ . -

" "My goodness, Tommy, I thlnk you re r1ght|" l\/hss

h ]ohnson sounded just as thrllled as the chlldren
_— -t
"I looks just 11ke a great big rubber ballI N Susan

o

‘ - . shouted., . . - ‘ U

w - .

<

v oan

"And it  has red and white stripes like peppermint.candy!" o .

PN . + -

e Mary said, = °* .- e e LT .
. ~ N N - ?

-

¢ o - TQmmy pomted 10 the space Shlp "Oh, oh, a dooris »

s npenlng!" R <

REs . . o

N Loy o 4 d

And sure enough, one of thered stripes slid open, a-
5. .adder popped out, and a little man:in a space suit climbed
- «wlown the ladder to the ground He looked up and waved-,to“the

t:hlldren_ and Miss Iohnson., Everyone gvaved back.

.
o N

o~ —— - . ¢

Then the lfttle man Taised -his -visor-and called.out, "Is - N

K4 . — e
this the Earth?": and the children al'l_shouted back, "Yes, yes;
S LR &,ltisr!" B .- . REE—

——— - i

o T “”‘***-"Is—thls a- school 2." T ..

1 - .
. oo . . "Yes, yes!" . o x Lo ‘ L

e 5 -

- ' ) ' "Good' I was hop'fng it was,” but I'couldn't be sure.
. 3 - .

May I come up-for & v151t'> v

Nt

L
B
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5 R ) T T b - T e e
T .o . . ) - \ . I R I

. he . . .

The oh:_ldren surrounded ‘Miss Iohnson beggmg her to
- . .say yes. "He's very frlendly -- he even waved to us," they
wa e, "~ **teminded her. I ", . - .o
- - . \/hss Iohnson sm11ed Then, 1ean1ng from the w1ndow a

.~ - . . » . .

h ‘ " . 11ttle she called out,r,"We Bi come down and show you the \"' . T
‘ . way to our.room." A e Y PR
) L ' S "ﬁlhanl\ you very much but that won't be necessary,
' L. T the space man said. And before anyone had a chance to de—~ I
c1de what to do next, he reaﬁhed ina pocke‘t of his space su1t
- P hd L -~ R . . - - o
o R - . and-topk out a can _ . ’ :
"That looks like some kind of a spra"sr-'canl'“'loe said: - Lo

3

B _ _And ‘that is‘just what if turned out to beJ The chilrdren

‘~'A ' and the1r teacher star‘edvrn amagement asthe space man polnted
the r‘an at t_he ground and began to ‘spray. As he sprayed down,
'k o ‘ i - ' he rose up, up, up, 1n “the air, When-he was Just above the. .
| ‘ wmdow sills, he sprayed away from the school and flewwback- - ~~
wards throughan open window right 1nto_the classroom. ‘Then

C S stopped sprayi‘n'g:and floated gently to. the. floor.' ™.

o . ) N,%W the children clustered around the si)c“gce man, 'l‘hey . ‘ :
\ o admrred his sh1ny blue suit and hlS brlght red boots. When he .
took off hls helmet they were dehghted to see a round,
& - N\ . fr1endly face with rosy cheeks .and hair’ brushed to a neat
. polnt on top. of h1s head 'I.‘hey 'not1ced h).s hands -- he had

. hands that 1ooked something hke m1ttenSx, with just a thumb

~

, ) P and one fm.ger onh. each, And Tommy not1ced that the space
0 ) an was much shorter than anyone in tﬁf@ réoom, but, of course,: - -
- he didp't say anythmg about that,. * # :
- ' | i | | ' <
K] % s

LN RL q






. Are you sure this s the Earth and that this is truly an Earth

dents." . . - —
. o [N

- speak your language. Now I have been sent to learn how to

"Good morni"ng; Earth people," the space man said. "I -
am-Tor, .from Titan. Titan is the largest moon of the planet

Saturn. I can hardly believe that I°have really found the ‘Earth.

©

—r-

school?" -

- .~ . P

"Yes ‘I’“r*'»the teacher answered., "This is a classin. .
\ N . «

the second grade. Iam Miss Iohnsomand these are my stu-

- " - .

at W . ‘ “ . ~— . »
"That's wonderful"" Tor said. "I could not haye selec-—

ted a better place to’land. On Titan, _many of us have been

hsten1ng to your radio programs and so we have learned to"

read all your written symbols, espec1ally those you use 1n

mathematlcs and sc1ence GanI learn such th1ngs here? " A

-

"Yes, we study all k1nds of th1ngs like that," Miss Iohn-— )

N kA
son sa1d. “Today We ‘are go1ng to revrew SOl'lxu symbols we use
when v}e compare the lengths of ob)ects. ' T R

» » . 4

-

S ]

z/‘"Wel],, could I stay- 1n th1s class and leam along with' R

. ° ~
.

your students" " Tor asked N .

« N H K

) Miss Iohnson said, "Well, W{hat do you ‘think, children? h
Sh‘a-l‘l' we let Tor stay and learn along with us? Will vou be :

willing- to explain things to him and'try to; find answers to his *
hN . . P .

questions? "’

-

L

R T .
Together the children all shouted, "Oh, yves, yes!" and

" ipor, please stay!" . \ v "
- \\ Yo - I, * - .
. - S * . Ly
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Tor practrcally }umped up and down for 10y "Oh how

-t lucky I-am!® he exclarmed "People on Titan sa1d you mrght'

S "« not like me -- that you mrght not be. frrendly at all, Iwas so
LT o 'afrald Moy : =T . ’ g
T o *- . .. Then% to sho‘w how friendly they were, the children all '

.
v e

e e " - surrounded Tor again and startc,d asking questions. rhe ques-

. tlonsccame out in such a rush that Tor could harctly keep track

o D . -
T e of them - oo oL
~ . - . : T B S v

RSN - Torﬁm} asked, "IIow lo)g did it take you to get here, ‘ .

-«
3

'l‘or'? " and Joe wanted to know how many. miles Tor had trave‘ed

hd )

) +
. v 4 To. .
. . Q Sally asked "Where are you gomg to stay” " and Mary- wanted .

¥

- ‘ : . to._knowwhat he liked at, . o >

- " Miss Iohnson rapped a pencrl on the desk, for order.

‘ When it was quiet in the room, Tor turned to I‘ommy “It took ¢ ,

v o ot a very long time for me to get here and I can tell you how much

- that is in my time -~ it's. segura zrggeratres - but°'I really e

» . don't Know,how to frgure anything in your, tmre S0 that answer > .

s w111 ‘have to wait until I learn." ‘l'urmng the? to Joe, Tor sard, e

"When I learn your urits of measurem nt I+ be able to téll )

you how far I traveled, But I certainly can't do that now.™ To . .

- : Sally and Mary, he said, "You don't-have to worry about_where

I will stay or what'I will eat, bec‘én'se T will live in my space

ship, where I have xeverythmg that I need After school you k '

- . @re all 1nv1ted td come and inspect my shrp, hut rrgl f now b

am’very e.agei“/to start learnmg, pecause there s so very much

-

-

.1 don't know. " AR ORI

e« .
L] 1Y

L) v

Migs Johnson. offered Tor her chair, Tor looked it over.

.
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o . _"It's much too tall for me, Miss Johnson," he said, - "It would

S W

’ .not.be- comfbrtablé. " ;
o —

* .
.- - v

a3

’ Miss Iohnson sent Tommy to the klndergarten to fetch a

]
4 .

smaller chan, but when Tor saw it, he sa1d ,- "This chairis less

> L a tall than your chair, Miss Johnson, put it's still too tall for me."
) e "My," Sally sa1d, "you are fussier than GOldllOCkS in the.

story of the three bears, " but Tor wash't hstenmg. He sprayed

> . -himself out’to his ship and back again, and when he came ba k

4 ) ~
\ e " . .  hewas carrying a httle cha1r that he said was Mjust right. "

A ‘ He. put it-beside Tommy s seat, announced, "I'm ready now,

-

- o * and’sat- down T - B . (O

] When Miss Johnson saw tndt Tor was comfortable she
‘ ) B put some objects on her desk and rsald MLet's begm by show- ~
1ng our visitor how we make compansons," and the lesson began

-
5, . . R R ‘ .

¥ ActlvnyA 0T “ ' K

U Lo Place five flat rectangular objects where the children can seg .
: #4 cee ¢ them (Remember that two of the objects should be of the same
e e apparent léngth, )’ Ask one-child, to pick up any, two objects
L v (8. g.', 2 book'and a ruler), and hold them up for/thé class to
< T oL see.. The follow1ng questions assume that Tor is lea ing along @
w1th the chlldren Whether’ you,use th1s pretense or ir\%}t, guide
- . the dlSCUSSlOl’l to- the property of length R .
oo CAN YOU TELL TOR WHICH OF THE TWO @BIECTS
e T . HAS THE GREATER LENGTH" (The ruler ) .
;‘- L ' e SHOW TOR HOW W‘E CHECK THE COMPARISON . .
e o ‘ (We place one ob]ect beside the other, ) Cge Tt
T HOW ‘GOULD WE RECORD THIS COMPARISON'?
: . . (We could write, "The-length of the ruler is _
vee L ) - greater than the,length of the book. ") R

<

- B e . .
. . - B R . - . ab . ~ S

..‘2‘7 " | N .ﬁ |




. CAN ANYONE'SHOW TOR A SHORTER WAY TO RECORD -

C " THE COMPARISON? . : : I

o . . ) : ‘ - . * , e ] .
] o Write L > LB on the chalkboard. ‘L ‘ -~ T
c, - . , o i

GAN YOU TELL TOR WI—IAT THE L STANDS FOR? (Lerigth.) P

i

WHAT THE R STANDS FOR‘? (Ruler )

i

. WHAT THE B STANDS FOR‘? (Book.) . ' .
t -. HOW DO WE READ THE SYMBOL" (Is greater than ) I

NOwW-” PLEASE READ THE WHOLE COMPARISON S,ENTENCE
FOR ’LOR (The length of the ruler is greater than the
length of the book.,)
- - I - "« . .
. Have another child compare and then record the ,re"lé’tive léngths
' of two other objects., Repeat this several times until the great- -
"er than (>), the less than (<) and the approximation (%) symbols
have all been used and discussed, Y
! ” . ) ’ .- : °
The children may enjoy recording a comparisor of the lengths
, of the three cha1rs in the Tor story
P " N ; -
: . ‘(\\ . LI > LK > LT ' .
(The’ length of Miss Johnson's chair i's‘greater than the length® .
of the kmdergarten charr, which is greater than the length of.
Tor's chair. )

) They could also reverse this ordering, using the < symbol:

< . <
( | LT LK LL . |
(Th.e length of Tor's chair is '1e‘ss than the length of the kinder-
g.rten chair, which-is less than the length of Miss Johnson's
chair,) . -

~

If there are children in your class who have not had MINNE- L
MAST in first grade, they probably will need additional prac-

tice in using the symbols before going on to the next act1v1ty

Numeral apd symbol cards may prove useful here (see phqto-

graph on page 5) . . :
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Act1v1ty B ) ( i
D1stnbute the student manuals and have éach- child carefully

" cut out the six ob]ects on Worksheet |, -

X2

.

Worksheet *®
Untt 16 Nwme_. - _ . .

A

- Uit 16

Order all your paper strips by length-on your desk,

Worksheot 2
Name

o

*
Zompare the lengths of your paper strips, two ata
time, In the blapks, write <, > or =.

3

' < L ~

A ———lp
otcw'—_'i*_i'm ",
"Lw—-sj—r—’r ’
A < thy -
> Ly
‘ tp a2 e ¢

v

riti i the name ::( cach strip and <, > or =
[ ‘ 4
o L Lo = &L ou LT
ET - [ E 8 9}
for I) (or €)

Tell tife children they are to

compare two of-these paper 7

.

strips at.a time for the.prop-

" erty of lerigth, then fill in

the proper  symbols on Work- _
sheet'2, Have one child
make the first binary com-

‘parison of strips A.and B,

and re¢ord it on the board
for the class and Tor. Then
let the children work indi-
vidually on the five other -

binary Comparisons.

When they have completed the
six statements, ask them to
arrange their six paper strips

"in order on their desks. == .

the shortest at the left, ‘Then
explain that in ¢he gefieral -
ordering on the last line- of
Worksheet 2, they are to fill =
in first the letter symbols or

' names of their strips (A for

strip A, etc.) and then the

corrgct relation symbols,
L 3 '

Have the shildren save their -

paper strips for use in ACth-
ity C and for Lesson 2

o,

“~




ACthltY C )

J— L4

In this act1v1ty the chlldren use their paper strips, a ruler .

with a centimeter scale, and two worksheets, Begin with a
¢, review of the proper uses of the equality (=) and approx1ma- '

tion (—) sﬂrmbols (for Tor, if you like), ‘ '

Ask six chlldren to come to the front of the room, Tell three

to stand at the left and three at the r1ght Name one grodp'u

"Set A“ and the other "Set B. " !

e

A

HOW MANY MEMBERS DOES SET A HAVE? (3.)

Write.-NA = 3 on the chelk 'board.

"HOW MANY MEMBERS DOES SET B HAVE? . (3.)

Eas

B

IS THE NUMBER OF MEMBERS IN SET A EQUAL TO .
THE NUMBER OF MEMBERS IN SET B? . (Yes.)

~ N N 1

- Write N. = N_ = 3 on the chalk board, * .

Write N_ = 3 on the chalk board. . - \ . , "

.

A - B

: NOW'TELL TOR WHEN WE USE THE EQUAL-SIGN.- (When

) two sets have an equal number of members; when we can .
. ‘count the members and see the equality” ’
Add a member to Set A, then ask the same quéestions again.
This time the final answer is-that we cannot use-the equal- )
sign because 4 is greater than 3. (4 >3J,)

) * - = ¢ - ’ ; > 7‘ n . ‘ '
~§1nce NA 4 and NB 3II then chA NB. - N . < "_

DO WE USE\ THE EQUAL-SIGN WHEN WE RECORD"
" MEASUREMENTS OF LENGTH? (No, because mea- .
surements are not.exact.) - .

TELL TOR WHAT SIGN WE USE. (We use =, the ','appeafs
to be the same as" symbol,) -



&4

Worksheet 3 .

Unit 16 Name,

" Measure each strip with a centimeter ruler and
write the lengths in the blanks,

1

LA = 14 cm
C Ly = l6,~ em’ '
Lo % 15 cm .
32 17 em . N
¢ " L, = g . cm .
L, = 15  cm

Ll ad

Mt
_Order the measurements here, Start with the smatl-
est, o

. e

S cm < em <15 cm 5 cm <_i6 cm % 17 em

-
<

AW

~ Now tell {hé children to show

Tor how they can chécK their -

previous ordering of the six
paper strips, Have them usé
the centimeter scale on their

rulers to measure each paper .

strip and then.record the
length of each strip with a
humeral on Worksheet 3.
Remind the children to line .
up.6ne end of each strip with
zero (whlch is not‘at the -
very end of a MINNEMAST
ruler), L

e

On lhe last line the children

- fill in the numerals repre-
senting the measurements -- .

starting with the smallest-
numeral,
given in this ordering. -

" ARE YOUR NUMERALS IN
COUNTING ORDER?

Check to seg that the childrer place the smallest numeral on

the left, the largest on the right.

an

e

Ask the children to compare this new ordering W1th the order--

ing on Worksheet 2,

ing directly below it,

Ask one child to copy the first ordermg .
on the chalk board and another Chlld to put the second order-

\

Have the class check to,see whether the two orderings are

o carrect.
parisons (LA =

14 om, etc.) o

Remind the children to use the list'of binary com-
n Worksheet 3 as a reference.

>

-

One (15) i§ already- -




-

H ' 4 "~ =] - ”\‘ .. . i
: . A
e ‘On Worksheet 4 the’ children record on.the number’ﬁne the & |
) | name of each strip (its letter) at the numeral which represents I
P ) the length of the stnp. The length of C is already plotted for
' “them. : . A .
. ' . Worksheet 4 B N '
s < ' « Unit 16 "Name : SR . R
How : 1any centlmeters long is your A str1p'> . . . ..
» ‘ Pl Mark an A at that, pomt on this number line, '
s
T, , How many centimete‘rs long is your ‘B strip') o ey,
S e Y Mark a B at that point on this number line.-. )
. : s . v .
i . Do the same for the rest of your strips.
‘ T T F < - . o
. “ . . E A C- 8 D - ., ) . '
o & -y
oo - "0 1 2 3 4i5°6°7 "% 90 11 i3 M. 516 U7 g8 U9 3020 2 23 M T
- . s “
“»
. e " » <
- “ )
%y .
» v . +
- 2 * -
° . . RS
[ . .
. ' ' <\
S . , 2.1 ‘
i 2 -
N “ 32
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Act1v1ty D

BEY

/

/

Th1s is a review of the counting numbers from 0 to 99, The
children fill in the missing numerals on Worksheet 5. .,

Al\ -

. of squares,

Vo l7r 2l sl relns vl 7 6179

¥

. Workshget 5"

it 16

Staft at O and work this way ————3> across each row
Fill each blank gquare with the newt

counting number,
|5

*—717‘”[“_ AFIYIE)
/01/1112.13]14(15 116 |17 /819
ZOZJ22Z32%252@272ﬂ2?

o 41 WalHS | o 16 T HEIH0
150|51152|63\5% 55‘5&5’755 59

Namne, 5 L~

1B0/31(32/332413536137138,99| "|

Point-out that some of the

numerals the. children put in 3

order on Worksheet 3 are’
found on this worksheet,
with some others.- Read the
directions with the class
pefore the children start
writing in the numerals.

Remind them that each num- _

efal~i§ one more or one less
than its neighbor, Tell them

‘that they may refer to the -

number line if they wish -

Save the completed work-
sheets for correction and

0016(162{6%|64165 6066768169

S S P ol

sol 8118 2l93\84{55 50 (87(38199
90091 |92)23|94(95(9€197|98 (99|

review in Lesson 2,

W et e semeen s

<
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33 - N

® - . *

lines,

sults in two ways:

&
s

(1) They measured within
the measurement as

B

“

L =6 in.
< o ; B 6

et s wmen me v whemom s s st

£

- 4

“ .

. N ) L'B’=6in.

1.A = 5% in,

‘imations; ‘

Lesson 2: MEASURING TO THE NEAREST HALF INCH
- This lesson gives a review of the 6r,derin§ of' numérals and then

int{oduces th.e measurement of length to the nearest half inéh,
The children. record their measuréments and plot them on number

Earlier units emphasized the fact that measurements can never
be perfectly accurate by having the child;en express their re- )

an. interval os length’ and recorded . .

4

6 in., '<L-<7in.,

(2) They made & simple —approximati_on andsrecorded it as.

RN

In this lesson the children again use the appfoximation« sirmbol
to exapres‘s measurements to the nearest half inch: b

Some children may need help in deciding whether a length is
6% or 7 inches long. Guide them to choose the closer reading,
When a measurement appears to_be midway between two read- #
ings,. let the child choose the reading he prefers, Experience '
like this reinforces the idea that measurements aré only approx-

appears to be about
. 6.inches,) . . .

$
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(Six inchés is less than the :
length of object B, and the )
length of object B is less .
than seven inches,) : et

(The léngth of object B o
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© MATERIALS .

— number line (0-100) taped-on the chalk board

. -- for eéch c.‘hild am- ' .
~ 'Worksheets 5-7 -
_ MINNEMAST ruler , .

- . ~

—~ paper strips A, C, D and T from Lesson |, or a setof
four Minnebars _(‘such as | pink,, | grayy | purple, and
| green) labeled A} C, D and E respectively

e \ .
— | object of the child's choice, less than 7" in length -
Nt T -

Activity A - ) - -

< . . ..
Have the children review and correct Worksheet § for Tor,

Activity B f / ,
: ‘ Rsk the children to tim to . .

Worksheot b . Worksheet 6; antl explain the
Urit 1o : Name, X . . . N pl

) instructions to them, Do one’
Pl th soctSblank with = = or -. Look at the or two examples as a class
nunver lne of at Workshest 53 you wish, * exercise,. Sugge st that tha
children may use Corrected
Worksheet 5 and_the number -
. 1 line on the board. for refer=
0 ence. Ask the children to
1 complete the rest of Work-
sheet 6 individually. As soon *
as possible after completion,
check the answers with'the
class. . ’
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Activity C . ~ . ' T L
. Have the children take out - - — —
their MINNEMAST rulers. , C
y 4 :
See if they can tell Tor Goreneet T ame . -l
that the marks betwegn * | . - AR K
_ the ‘mumerals on'the inch \ Objects .Length in inches
- * scale indicate half lowesth N EEEN .
‘ inches, Then explain » 2. Obect © Set ' hearest
. that they aré going to 3. | Object D NaNE inchor
measure the length of-ob~ [- 4. |ObectE 1| =337 K
jects to the nearest half 5. | Object 1 C'l:ose z7u (am:gxe,;:)ssme
mch : - o
- . . - Length of Object A
. - R * ” .
g 1A A ) . & (TS U S SN (TS SH SUN SR S Siey SN SUNT R L .
Have thgz children m‘easure ] oI T2 i Ty v,
and record on Worksheet 7 | . engthof Object C . ]
* «  the lengths of paper strips-{ 2 T . LTS L
v A, C, DandE (or Minne-~ 0 2 2 3 5 e
. . . ' Length of Object. D \
bars.so labeled) and an : ,
’ 3. < 1 e 1 - 1 L 1 |ﬁ i
L ob]ect of their own choice 9 24 Z 3 % £ . ¢ %
I -~ ngt longer than seven Leagth of Object E K
0N inches, - . i I crar . ST O
C;- 1 . . o 2 3 4 5 ¢ 7
T _ Length of object I chose. . o
. Next have the children 5. e e
*". .use number line | to plot LT 022 3 Y 5 e F
T " "the length of object A, o v ) o z
o - @hd ‘number line 2 to plot . L 1t R ;
\ the\l\éhgth of object.C. " © 0 R . =

Then, before plotting the length of object D, ask them to write
in the numerals on number line 3. When the chlldren have X -
done this,» direct them to mark off the inches and ha'lf inches
on number lines 4 and 5, and to numbeér these two hnes.” (A

) _few children may need help in iumbering or markihg the number
lines,) Then thay are to plot the last two- lengths . '

.-
.

Somre children may fael frustrated at being required to measure
only to the nearest half inch, when they are capable of measur+
ing quarter inches. Since MINNEMAST rulers do not indicate
quarter inches, thése chi ren should be permitted to work-wit}
other rulers_and record theirX easurements on ‘plain sheets ¢

. paper, but only after they have completed Worksheet 7 accord—
ing to direttions,

Save the completed workshee; for use in,the next lesson,
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‘ ' Ce s - Lesson 3: MEAS URfNG AND ADDING PRACTIONAL UNITS
;o . This lesson cont1nuesj the work w1th fractronal units, reviews
.the idea that two halves combine to make a. whole, and gives’
B o ~ practice in the use of ordinal numbers (f1rst! second third, ~ .
Lo T cetc) N\ . ‘

Act1v1t1e5ﬂnclude a worksheet on wh1ch lengths measured to
“the nearest half inch are added, s.well as some sets of ob~ ’ e
jects yith whole and half members, An ‘experiment where ob- '

g . jects roll from an 1nchned plane to a level surface- prov1des

o fugther opportunmes for measuring to the nearest half inch,’

2 .
* [N

. o . The.inclined plane can be constructed very s1mpLy v\utb' o
N property block and two rulers, as shown: o o o Y

. MATERIALS R ' ', ' .

-—_ d few paper or flannel circles, squares and stfips

~ number line,  0-6, of very large umts drawn on chaU< board-'_

*

L number line tape (to 100) .1‘

Y

"~ Minnebars

~ 2 MINNEMAST rulers

— L thin square proberty block e : - : o
‘ - *] tape meaau‘re or yards?ck ) ‘ '\
v . , —~ | addition slide rule & ’ . .
' . . - | piece of whiteychalk ! red I blue

- ) = 4dor5b cyhndncal ob)ects such as: 6 oz, )uxce can,’
‘ dry cell (D), empty viscosity tube without cover (from e
¢ first-grade kit), large and small circular property

blocks, crayons or pentils, small cars (size of Match-

box Series) if children can bring them

/a3y R
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~ — list of ordinal nurnAl)ers on chalk board, as’ follo;/vs: ‘

First first . . st _
. Second _Second” - 2nd
R N " Third “third . 3rd N
Fourth- fourth. 4th ) -
O & .- Fifth fifth Sthe - a .
A - Worksheet 8 . ) - e .
X ) i ' . . . ) . )
i ~PBOCEDURE~ ’
Act1v1ty A . . . ‘
- ! " To prepare the chlldren for thelr 1nd1V1dua1 work in addmg - v
: . fractional uhits (halves), review with them the idea that a o
. . wholeqs rmade up of two equal parts and-that each of these - -
v ' ' . two equal parts is one half of the whole, - Demonstraté this - )
Vs ' with draw;xngs on the board or by cutt1 ng paper strips, circles

and squares in half and fitting the halves together again.
Pretend that a paper c1rc1e 1s a c,ookle cut it 1n half and line:
up the halves. llke this: N

- -
- .
N « . . ] * .
.
B ‘. *
» - v
. PN
) . %

' N *. . IF THESE TWO HALVES ARE TWO' EQUAL PARTS OF A
: ) B COCKIE, HOW MANY COOKIES WOULD I HAVE IF I
" ADDED THE:IWO TOGETHER" (% + 3= 1) ”
Have a child check thlS by turnmg the. second half "cookle“ to .
fit the f1rst : . . N 7

¢ . R . »

A

. . . .
- H
- c ) 2 . ¢
. “ 3 . t
. . . A
- B
. . .

s ; . : . . - . . . o,
: Give s many. similar examples as seem necessary for the
children to understand that } + % )

"Now pretend that 2 paper squdres and 3 half squares ‘are cook-

. - ) :/

¢ ..
.

[ T D

S

e . les and Ralf cookies, and arrange them 11ke t'hls

o

HOW MANY COOKIES WOULD I HAVE TF1 ADDED {

ALL THESE WHOLE AND
?(!+1+|+L41—31

Y

ALF COOKIBS‘2

¢

A . .. N«
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I:f children have trouble adding these,» encourage them to-fit
as many he;lves into wholés.as possible, and then count. .

.
N [y

To review the addition of wholée uhits of length, use ‘a number

line of six large units on the chalk board. In showing how to’
»add.2 and 3, for éxample, draw first a curve from 0 to<2,

then a curve froin 2 to 5. The children should be able to see

. that the numetal at the end of the second curve is the sum of

the two, \2"-._‘,‘ + . 3. ‘ =5
. ) ‘/T_N'
/lt‘l B N T | 1\‘| 1 ] TR
0 b2 .3 ¢ ., S 6 ‘

Have. the children demonstrate, by mafking of'f."the solutions to
such problemsas 4 + .1, 3+ 2, 3+ 3, etc.” ’

Now use the same number line to have the class do a few ex-.
amples where they add one length'that is a whole number of
“units to a‘'length that has a fraction (2 + 3%, 1% + 3, ‘
o+ g, etc.), C B )

, 2 o+ _ 3%- T o= 28F :
/—\)/’-——-_\ ~
<'-l L | [ L~ IS IR TS I 3 J
o . ! 2 3 4 - .V 5 - 67 ...
Finally, demonstrate the addition of't\.No fractiQ_'flal lengths: \ -

2% + . 3% . =6 -
e 4 1 1A RIS B T
0 l 2 3 4 5 6"

Have the children practice adding’other fractional lengths on .
the number Jine until you feel sure they understand how :to do-
it. For those having difficu}f;y_, provide ;‘Pairs :of Minnebars-so
that the children can measure each bar with a ruler, then place.
both together at the ruler's edge to read‘the result,

Activity Bx . . ‘ T

Remi nd.\ the children that on Worksheet 7 they recorded the
lengths of five objectsgo the nearest half inch. On Work-

sheet 8 they will usenMber lines to.add the numbers which

. fepresent these lengths. Point oyt that the worksheet is-not

wide enough to hold a_ fumber line of twenty inches, but the
marks will represent inchés. In the first three problems the 7

1
.

MY
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- children will be adding -
. A the number-of inches and' B
Lo , . +half inches. In the last ‘(Aij"‘Sh“"" v
. . nit 16 Name, 2 3 .
: “ four problems, they will _ : s ,
N 4 ° be addmg objects and »l. Draw a curve to show the length of Ob)@t o Y
halves of ObJeCtS. Read ‘ Add the’ length of Object A(o it, . s Y T
‘ P -mm P I | 1_:1 : :‘1 x' ~ ' ’
{ I the;li;ecttionsézn the;.g..\ 1S o1 23vser690nuBrBLTBE0 ~ )
P ' N C e .WOI' sheet an ave the . 2. Draw &curve to show the length of Object Ds ’A? <
T ) L children-fo)}ow along,. *il-  Add thé length of Object E to it. N
.« '+ When yoy.think they un- | Ao Moy ‘ T
. ’ ‘ ’ derstand the procedure, S 01234567 *9;;4 10218 131 15 Jm‘ﬁzqzo 5 -
Lo . : ' 3. Draw a curve to show the length of Object A.
” e, ' "" haVE t:em focrlnp:celte lt]_he g A;d the c;:ng(:h %fsygur c:oseer:\gob}oect to lct : -
! - ..t . worksheet-individually, . /‘K‘ . ‘ ° 1
- N e W 1 1 1 1 \7(__\'1 b | S 1 4 ‘i‘ \I ;' ' ’
L . . withas little help as ST I54S 6T 69 GURBNIE BT B2 '
N ., s posﬂble s In the: CIass ’ Add the cookies and half” Write the equatlon .
e _.dicussion that follows | - '} cookies in eacttrow, - ' ‘ .
o g ; letleach child check and‘ «.00M0o00 = 5% o zl,a 3 = 5%}
- BRI correct his results. AN S B , <
s S There.may be a little s.00+0000 =5 2355
. » " . * ' varlation in the answers | ' . K n L :
B . . to problems |ﬁand 2, be- 6'.OO_OO+G =-‘£‘£‘- : 'i ta =j—f §
' RN cause someé childrenmay |,  q+q+d=/¢ | =. ..': PR L
- ~ .choose.areading a half | "~ A S
e o wunit differént fron®others;.| ' s ST
o but the ahswers"to. prob- . : ~ . .
t " lem 3 should vary. - . ' L
D greatly. Mgk about this; - — T o ‘
. . . DO WE HAVE MANY DIFFBRENT ANSWERS FOR PROB- * .
T LEM 32 (vés.F ‘ . : o
o S » WHY’> (Because we. chose ‘many different ob)ects to . “ ‘
o . . . add to the length of ob)ect ): A ) o T e
) L, o Some children may not see that the ans‘\:ov:er to prob‘em 71is ¢
S C R+ R+ % =4, If'so, review the cutting and fitting together y
b . *  of the paper cookies, Elicit from the class that half ar ohject * . '
. " remains half an ob)ect no mattgrfhow it is tumed, ~ : .




Ly

Activ1tyC o Lot : ’ :

This actlv1ty involves” measuring the d1stances that cyhndrical )
I ) objects roll from- ’an‘lnchned slope and familiarizing the children
with 'some of the ordihal numbers., The equipment gonsists of a
Jong number line taped on the'chalk board at.a ‘height where the
VY children can-edsily reach it;. two MINNEMAST rulérs propped on .
a small, square property block; four or five cylindrical obJects -
_ (marked.A, B, C, D, etc. )yt be.used in each "race"; and ohe
. . tape measure or yardstick. Since an object may roll six feet or
more, even when gently releaséd at, the top of the slope, select
a fairiy 1arge area where ‘all children can see what.happens, A
location near the number lide would probably bé most convenient,
A .
- . Introduce the activity by asking the ch11dren whether they have .
: i ever rolled toy cars downhill to see how far the. cars, would go.
.Say that today the class is going to roll some ob]ects down a
vslope for the same reason

1

~

&"
Explain to the children that they are going to observe, mea-
sure and record the distance ‘each object rolls after it comes
, ‘ off the slope. Tell them to think of the actwity as.a race to
. ' . see which object will rall the farthest, j "

A

Then tell the children they will have a gcz)d opportumty to use
some.of the ordinal numbers they gee on the chalk board Thay
can say that the object that.goes the (_7 eatest distance is the
winner -- itAds first, another obJect will come out second in
the amount of inches it travels, and so on,

- - M -

For each race, ass n four diffe'r‘g/ children for these tasks.

-1, To release the objects gently{ one at a time at the top of
the slop . ’

) 2. To mark w1th chalk the spol/on the floor where each obJect
' stops.- . ‘ / K N
e ) . i ' : \\,
N , ‘ 3. To measure to the neare tl half inch the distance each ob-
A . ‘ ject trayels from the ba;e of the slope. -

4. To record each measuréme”lt on the number line, marking it
with an A, a B, etc. . J




Have the children Fecord with w-hi_te chalk for the first race,
red for the second, and blue for the third, Provide child 3
. with a tape measure or yardstick, Help him 15 he has to add

R large numbers.
i

-

.« -

After each ot)ject has been rolled, and the distance marked,
( ; measured, and recorded, ask"the children which obJect came
e et e . in first, which second etc. Use these ordinal numbef's fre-

“y - quently and refer*to them as ordjal numbers, The children .
will need to recogmze the abbreviations (1st, 2nd, 3rd, 4th ) i
and 5th) for the Worksheet in the next lesson, but they need '
" not go beyond that now, as they W111 receive niore practlce

with ordinal numbers in future lessons \'

At the end of the first ; race, ask the chlldren what would hap—

pen if thé same expenment were repeated

DO YOU TH)INK WE WOULD GET THE SAME RESULTS IF
WE RACED THESE SAME OBI}fCTS AGAIN" :

HOW' CAN WE FIND OUT? : )
Erase the floor marks from the fitst race and have the class .
repeat the experiment with other participants,- Ask whether. T e
the results are the same. Then ask whether the rest?lts -

i ’ , would be the same "for a third race and let tbem conduct that.
If there is time, the children may enjoy racing the same obJects
. s from a slightly higher slope, or a d1fferent set of objects from
. the same slope, etc.

4
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Tesson 4: DIAMETERS AND"CIRC'UMF‘ERENCESA

“

Measunng diameters and-circumferences of cyhndncal ob-
jects gives the children further practice in determining and
recording lengths to the nearest half unit. The lesson also
_ takes a first step toward developmg in the children some
apprec1at10n of the relation between. the diametér and the
c1rcumference of a circle. - :

-~

'\

In Activity A the children hold yarn around each of five .
cylinders, mark the yam where it overlaps, then measure . ,
the marked segment of yarn to the nearest centimeter or half
centimeter, They record these five measurements of circum—
ference in Table A of Worksheet 9,

In Activity B the children draw an outhne of one end of each
cylinder and measure ‘the diameters of these_circular Qut-
lines with their rulers. They record -- to the nearest half *
centimeter -- the 1engths of the five dlameters in Table B of

\ Worksheet 9. They also.check the accuracy of the first

32

. diameter measurements by mea sur1ng another dlameter of
13
each circle.

Then each child selects the two measurements of just one
object to plot on number lines, On a third number line he
plots the length of the circumference of his selected obJect
with a red crayon above the line, and repeated lengths of
the dlameter of the same object with-a blue crayz}\below
the line. He thus discovers that the ‘circumference is
approx1mate1y three times longer than the dlameter of\a
circle {and/or cylinder).
; ) .
For the purposes of this lesson, define diameter very sim-
ply as "the distance dcross a c1rc1e“ and circumference as
"the distance around a circle." Use the terms »diameter"
and “circumference" as often as you can fit them in natur-
ally, so that the children will begin to use them, too.
» -

'MATERIALS’ "

— | rather large cylindrical object (such as a 3-lb, coffee
. can, canlster or waste basketf and a piece of yam
slightly longeruthan its 01rcumference

—~ Worksheet 9 ) '
| a3




o

: " —- for each group of five -

- |'six-o0z, juice can; | dry'cell (D); | tube from viséos-
* ity kit; | large, thick, circular property block; | $mall,
-vthick; circular property block, (In the order listed,

# label the objects: Ist, 2nd, 3rd, 4th, and’5th.)

A

‘_ T —~ 25 pieces of yarn, each about 10" long S o o
' = 5 rulers with centimeter scale - .
" — masking tape (optional)

- 5 crayons, soft 1éad pencils, or pens for marking the
. i ‘ R . yarn . o .

v ' PROCEDURE

Aétivity A N\ oL '
Display a seb .of the five cylindrical objects that the groups .
of children are going to use, along with a ruler, a crayon or |,
. ¢ other marking tool, a sheet of paper, and a piece of yarn,

£,
/

Explain that the five obJects are cylindncally shaped, much ' N
3 ) like some of those the children used in the last lesson; Say ’
that this time, instead of measunng'how far the ob]ects roll
from a slope, the children are gomg to® make measurements: ~
on the objects themselves, - f :

Pick up two ’objects from the set, e ' '

. ) i CAN ANYONE SHOW TOR HOW WE COULD COMPARE: o & -
.. . . THE CIRCUMFERENCES -- THE DIS'TANCES AROUND
THE CURVED SURFACES -- OF THESE TWO OBJECTS?.. ° A

. . 1
Have theé children come to the front of the room and try out X
whatetrer methods of_comparing they suggest. Some children - -
may remember that in kindergarten or first grade they put’ '
string or paper around each circular obJect cut these .at.the
point or line of overlap, and then compared the 1engths of
tl‘fe strings or the pieces of. paper.

<
If no child uses the yarn to mark off the distance around an \
object and the ruler to provide units of measurement sug- -

'n;;est that th1s be tried, If necessary, give a demon;tration

LI R . [N

44 . . 3

[}
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of the procedure: Select a cyhnder that is not in the chil-~

dren's set (e:g. , a coffee can) ahd wrap a piece of yarn

. around it, Mark the two parts: of the yarn at the point-of

overlap, and then.measure the marked -segment with the

_ ruler,

0|~23456789|0|II2

AN

~ 1 Ao M L J A " P SN A P

~

Have a few children try the method. Some may bé. dexter—
ou$ enough to hold and measure a segment of yarn withouts’

marking it. Others may need to fasten the yarn'to the

c“yhnder with tape in order to do the marking. In any case,

point out the importance of fitting the yarn closely around
the object and of holdmg the yarn firmly in place unt1l)1t
is-marked (or securing it firmly at the two appropriate
placés with fingers of both hands until it is measured).

Act1v1ty B

Have monitors d1str1bute the sets of cyhnders yarn, etc,
to the groups of children, Ask the children to take turns

measuring the circumference of each object to the nearest ”

half centimeter and to record the five _mea_sureménts in
Table A of Worksheet 9. The following rémarks may be
helpful: k : '

~ &

' USE A NEW PIECE OF YARN FOR EACH OBJECT, IF YOU

.ARE GOING TO MARK THE YARN, MAKE TWO MARKS ON '

THE YARN WHERE IT OVERLAPS. MEASURE THE DIS-~
TANCE BETWEEN THE TWO MARKS TO THE N EAREST

CENTIMETER OR HALF CENTIMETER. IF THERE ARE NO .

HALF CENTIMETER MARKS ON YIOUR RULER, DECIDE
FOR YOURSELVES WHERE THE HALP MARKS SHOULD BE,

If any member of a group is having difficulties, suggest
that the other members assist him,

o
(i

b

s
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When all have finished — .
filling.in Table A of the Worksheet 9

. . Unit 16 ., Name
! worksheet, hold a dis- ircun -

\ cussion-about the value AObjeFE ference B Obect ' Diameter
of knowing how to mea- tst | /8 em | juicecan [ist.[55 cm
sure the circumference: 20 | /] Dry cell '2 3 3 <

iy : . n [ ry ce n ° m
. *  of an object: - ;m“" Y ==
N 3rd | /O cem Tube 3rd 3 'em
CAN YOU GIVE.TCR sth /6% em | L20SE ah| 5 em
: ANY REASONS WHY o155 o | st [l 26 o
; _ IT MIGHT BE USE- h |52 . 2a
B FUL TO KNOW HOW APlot the circumference of your chosen object on naum=
TO MEASURE THE ber ““;“,_\\ - -
. CIRCUMFERENCE NS SR T LI T r
OF AN OBIECT‘? BPlot the diameter of chosen object on number line B.
‘ Ld's redson | S
. Any child's reason is orzyys
. . C Plot the circumference of your chosen object again.
adequate for this dis- ]
cussion (finding a R S A AL LT T e~
. length of paper to NN
; i et & -] Now_below.the.humber:line-plot-diameters of your
- B c?verﬁa.n»ob{eet ! Shqp chosen object overiand over until you have just
ping for a néw belt to passed the end of the circumference,
‘ surprise Daddy on hi’sz Jumps taken to come\near circumference _»3___ o
: _birthday, etc.). - ‘ ‘
-— .
Activity ¢ .. .
. ‘ Show the children how to draw

the outline of one end of a cyl-

inder by holding a: large object

(such as 3 wastebasket)

against- the chalk board and

drawing around it w1th a piece,
« of chalk

Then draw a straight line .

. across the circle on the board
and explain that this is one
diameter (one line of greatest
d1stance) ‘of your circle. Mea-
sure this diameter with a yard-.

. stick or meterstick and, record
the measurement on the board,

B . ' 1

’ 48 R - 35°

o
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- sheet 8,

~
—

Next draw a vertical diameter
of the circle, and measure

and record it. Draw, measure
and record.a few more diame-
ters until the-children notice
that all your diameter measure-
ments are the same,

Now explain to the children that they are to draw outlines :

of each cylinder (in the group's set) on the back of Work-
They are to pass the objects around so that all
can be working at the same time. But before giving an’ ob-
ject to the next child, they must write the-ordinal number
of the object (I'st, 2nd, etc.) inside its circular outline:

Ask the children to draw their circies Carefully, pressingf
down firmly on each object and keeping the pencil point as .
close to the object as they can, Tell them not to crowd the

circles together on the paper, but to leave roorn for recording -

some- measurem ent s.
[\

‘

When all have heatly drawn and suitably labeled the five cir-
cles, ask the children to draw one diameter straight across
each circle (horizontally). Then have them measureeach '
diameter to the nearest centimeter or half centimeter and re-
cord each measurement near the appropriate ciréle. Ask how

e

this measurement could be checked, When the children sug- ‘ '

gest checking it by drawing .and measuring another diameter
for each circle, ask them to draw an up-and- -down (vertical)
diameter in each, and to measure and record these near their
first records. Check the results' , ot

-

WHEN YOU MEASURED THE SECOND DIAMETER OF EACH -

-CIRCLE, DID YOU GET THE SAME MEASUREMENT AS THE

FIRST TIME? o . e .
If the two diameter me&asuremeénts by the same child for the
same ciréle vary by more than half & centimeter, checkhis
paper.to see.whether either his circles or his diametersgare
too poorly drawn to be useful, If so, have him draw-and '
measure others with your gurda nce. If his drawings are good
enough, ask him to measure again mqre carefully. Children

may have drawn circles of slightly varying diameter for the




7 .
Pl
same object so it is not necessary for all measurements in
. ac group or in the class to agree, but each child should have
~= for each of h1s own circles -- a fairly accurate measure—
,ment P ' ~
L ’ - " WHEN YOU ARE SATISEIED THAT YOU HAVE MEASURED
THE DIAMETER OF EACH CIRCLE CAREFULLY, RECORD
. THE MEASUREMENTS CAREFULLY IN TABLE B. OF WORK-
SHEET 9. < N

When the children have done th1s, ask them to discuss s1tu-
ations where the measurement of a diameter would be needed:
i)
CAN YOU TELL TOR ANY REASONS WHY IT MIGHT BE USE-—
> ) FUL TO KNOW -HOW TO MEASURE THE DIAMETER OF AN -
' . OBIECT'P S . .
Some of the answers previously given for the usefulness of
circumference measurements are suitable here also, but the
children may be able to think.of others (e.q. , fitting a rake -
or other,tool with a new handle finding a nut to fit a bolt,
finding out whether a "round" tablecloth will cover a " round"
.table while the cloth is st111 folded in half), .
. Call attention to the number lines on Worksheet 9‘ ‘Tell each’
» _ child to choose one'object from the five his group has and .
- check to see which of his cir¢les represent that object. Then
. e is to find,.from his data.tables, the léngth of the circuni-
' ference of that object and plot'it on number line A, . On num- : -
ber lingé B, he is to piot the diameter of the circle, '
. Before the children work 1ndividua11y on number line C, dem-
: “onstrate its use oIt a larger number line on the chalk board,
*Ask a child to give you the data for his circle -- its circum-
ference andysits diameter Lay off the- circumference_above
the.number line and then lay off the diameter below the line,
Starting from the end of; that -diameter, mark off an 1nterva1
equal to another diameter, Continue marking off such mter-
vals'until one diameter interval goes beyond the end of the
ciré¢umference, .
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line C in blue crayon,

D2 N DU U S L T T I,
00123456 7 8-9101112131415161718" .
. -‘ \5 . . . .l . .
| - | | o
| 1 T !

D D
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Ask the class to draw the c1rcumference of the chosen object

‘with red crayon above the number line C.- Tell the children

to try to find out how many d1ameter-length jumps fit into the '
circumference by drawing the .diameters below the number
Then you m1ght ask the followmg

. . :

*  CAN YOU TELL TOR ANYTHING YOU N.OTICE ABOUT THE
CIRCUMFERENCE AND THE DIAMETER OF THE CIRCLES?
(There. are about three diameters in a circumference,)

—
A4

IF WE KNEW ON LY. THE DIAMETBR OF A CIRCLB, HOW
COULD WE FIND ITS CIRCUMFERENCE? (We could lay
off three diameters‘and get.an idea of the circumference.')

If there is.time, or if the children want to- check into this
further, they could. make a number line on a sheet of paper, o
and mark off all the circumferences in Table A above thé -

line, and all the diameters in’ Table B below the line, Or,

"using a different color af chalk for each object's rneasure-

‘children provide it. ) -t -

ments, you could demonstrate on a large number line on
the board all the data in the tables of Worksheet 9 as the

4

- Some children might like to nreasure cylindrical objects

not used in class and report their findings. Suggested

items are: kaleidoscope, piece of metal pipe, plasticor = .
metal kitchen containers, drinking glasses, vases and-
jars., . ’ " . : R .

~ -
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BEEESE N\ uvErATION AND PIAGE VALUE
. . 1 ) g

PURPOSE B

>

-
~

COMMENTARY s : .

into numbers by us1ng them in making measurements

~ cepts they are studying.

-+ .
2, . . -
. - .
= - = 3

-

- []
- To teach the use of numerals in represent1ng the-idea of
number. . )

°

- = To develop'the child's understanding of the decimal

—place=value notation.

—~ To have the child recognize the correspondence between
the real numbers and the points on a number line.

[
L 4

.~ To develop an understand1ng of the.use of,numbers in mak-

ing measurements.

- To extend familiarity with the numbers: ip to 999. ‘

’ ' . )

— To give practice in ‘addition and subtraction.

2

This Section attempts to énlarge the child's-understanding of .

the number concept and of the structure of the number system
so that he will be able to manipulate numbers better in arith-
metical¥ operations. The child will also gain’more 1ns1ght

Tor can-be used to good ad.vantage in.this section, The
children can pretend to teach him some of the number con-
The fact that Tor has a total of
only. four fingers is useful in intr_oducing base four, -
There are thirteen lessons in this section. In LésszlS the
children study the distinction between numbers and numerals,
In Le.:son 6 they study T notation {using the letter' T to
represent IO s), and numerals to 99, Lessons 7-9 use the
number line, measurement and the addition slide rule to
provide practice in addition and subtraction of two-digit
numbers and to hélp the children understand place value.
The abacus illustrates place value in another way in Les-
sons |10 and | I Work with the abacus also reinforces the

groundwork that has alreudy been laid for understanding

. "t




the standard addition algorithm (rule of procedure for solving
.a mathematical problem), Knowledge of the numbers is ex-
tended to 999 in Lesson 12, not only to eaable the ¢hildren
to'handle larger numbers, but also to demonstrate the gener-
ality of the decimal place-value notat1on Lesson _l3 gives
practlce in counting by tens. T .
Lessons 14-16 aré concerned with the base four system of
numeration, Lessons 17 and 18 pres‘ent the Egyptian and
Roman systems of numeration to emphasize the superiority
of the decimal place—value notation. .
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Lésson 52 NUMBERS VS. NUMERALS

«

. " . The purpose of ‘this lesson is to review the fact that numbers
are mathematical ideas for which symbols can, be written, and . .
b that these symbols are called numerals, The ‘children are

. given further work with numbers to he1p them with the1r mea-

surements and to prepare them better for their future work in
mathematics and science; |
\ e

MATERIALS . -

" - pericils, counters, paper clips, etc, ’.
st
— United States flag = . .7

A ‘ . - ,.
— an apple (optional}- ) ,

B
.

PROCEDURE T )

Acthlty A

+ -

. / S
.-, . Explain to the stude"nts that they are going to help teach Tor
, about our numeration s_ystem , Coa | ) s

W o

: : . |

\, - By the follo«ving procedure demonstrate that numerals are
symbols, Write on the chalkboard these: ten numerals. o, 1, v

2,3,4,5,6,7,8,9. Tell the children that Tor wants to )

know what these symbols represent, Have a child read them

aloud for Tor.. ‘The following discussign will bring out th

idea that numerals are symbols represénting numbers and

that numbers.are ideas describing quantitiesw;"

L

— 7

Have th‘e?‘hildren arrange sets of five obJects J(e g: pen- : Q.

cils, couriters, paper clips etc,) on their deslés. Ask a -
question of Tor, such as, " Tor, how. are these sets alike?"
(They all contain 5 objects. They*all can be represented ¢ .
by:the numeral 5.) Write 5 on the chalkboard. ! Continue by . A

» .having the children arrange sets of 7 objects on their desks. : :

Again ask the question, "How are these sets alike" "

.. (They can all be represented by the numeral 7.) .Repeat,

- using set$ of 4 objects, 8 objects, 3 obJects, etc Tell, *
Tor and the children that "7," "8," etc. are the names we
o use for representing the number of members in gach set,

M L4
P \ ¢ - ‘ .
s




’ * ) "w{.
« 2, * a . - . N “_ Y . N
Tor says, "I think I understand, but I'm not quite sure.
Numerals are npt nu‘bers but they stand for numbers

- CAN YOU SHOW TOR SOMETHING IN THIS ROOM THAT 1S
-A SYMBOL FOR OUR COUNTRY'? (The United States flag )

2 N
.

. . IS THE UNITED STATES FLAG ACTUALLY OUR COUNTRY"
vt ~ (No, it!s a symbol for our country, ) ,

WHEN WE. SEE THE FLAG, WE ARE REI\/ILNDED ot OUR

‘ . .“COUNTRY. THE FIAG-IS A SYMBOL OF QUR COUNTRY,
I WE THINK OF WHAT 1T STANDS FOR WHEN WE GIVB
T "~ -OURPLEDGE OF ALLEGIANCE, :
: . .
N ' .o Now print the word “apple" on the chalkboard _Ask the ch11-
dren to find an apple for Tor, ' ‘ ) e

IS THERE AN, APPLE ON THE GHALKBOARD" (No )
o ) THE WORD "APPLE" ISN'T VERY TASTY, IS IT? THE eVVORD
’ ON THE BOARD IS IUST A SYMBOL FOR AN APPLE ' ."
] . ) o . H -.\ .
b K T THESYMBOLSO'y l 2, 3 4 5 '6 7 8 9WHICHWERE
‘ " . WRITTEZN ON THE CHALK BOARD ARE CALIED NUMERALS " N
R « + " WE-GIVE THEM NAMES: ZERO,.ONE,- TWO, THREE;"
: FOUR, ETC; BUT THESE ARE NOT HE NUMBERS -~ THEY
ARE JUST THE SYMBOLS FOR THE N MBERS R

) Explain to the ch1ldrer\ that they learn ma‘ny th1ngs abou\t‘\
.numbpers by doing things with the symbols for numbers -=‘the ., *
. nurerals -- but numbers have properties that numerals;do not, .
. . Tell them that by looking at the United States flag, 'they ®an
L ,.see that our country has 50 states and |3 original colonies; N
¢ P : . .\ but they can't khow from the flag that Washington, D, C.,
' _is our capitol or that the 4th of July is Indepenidence: Day—u
. In the same way, explain that numerals help.represent num-
. _ . bers, but they don't tell everything about them. Say that a
.o . large part of what we call "mathematics" is the study of the
. *properties of numbers, , . i \ .
\ .~ Tor says, "I think I understand now, " oo .

v . ) <
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Lesson 6: T NOTATIQN‘AUD NUMERA-I'S TO 99 N ge

<

This Iesson reviews the numbers from one to 99 and” explains (
how we represent them. The decimal system of.place- value -

: notatron is presen ed as ag,specrfrc example of numeration,
MA&"ERIALS ' . . .
= counters-an‘d flannel hoard . . ' N

~ Worksheets 10-14, Yo'lo.red crayons |
- < . ’ N ‘ ' s [ S -
PROCEDURE . . \‘\\ . : l S :

~ 4

Wr1te several two-digit numepls on the chalk board {e.q: 16,
o , .73). Explain that Tor iifs asked about these’ numerals ’

."~ What doés the " 34" mean'> Does it mean a three and a four"
- ]
3
Place 34 counters on the flanne‘ board Have one of the .
children divide the counters 1nto as many sets or groups of teh «
counters ais he can, (3 sets of 10 counters plus 4 left over ) '
Have the children explarn g . 7. ¢
to Tor that we represent™ | Worksheetto - . ’ N
Unit 16 Namnme, . .
.. the-3 sets of 10 counters co i "
* as 3 tens (or 3 x |0) or in Draw a closed curve around each set of ten. Rdcord !
the dumber of tens (T's) and the rumber of ones left
a Slmpler form as 3T S. over, Write the shorter name for the sunm,

We~ can write a numeral

fbr all 34 counters:-by us<s (ooooo) (ooon) [ooooo}ooooo - .
4ng the operation of addi- 20000/ (0e000/ 00000 L

tion -~ by addrng the*3 * |." 3 7 + 5 oues= 30 +_9 = 35 - !
-tens to the/4 counters or /

«~ 3T+ 4. A shorter name 6 |,
for 3T ¥ 4 would be 34, .

. " Therefdre, when we writé * 63 ¢« |: "
“-the numeral 34, the 3 ' N

"+ ‘represents the number of ’ )
set$ of tén, and the 4 .
represents the number of 17

onhes, This is called the

- decimal (ba'se 1Q) place- A
valué system of numerals., . A .
Repeat the above prdce<®: | _0 7 _+_ﬁ__o'nes = 0 +6 = 6 -
dure. with numerals sueh ™ - : -
. as 47 ‘62, 13, éete., untrl the chridren are ready te do Work~- : -

sheets 10~ l4 Raad the 1nstru.ctlons on the worksheets to them.

N 9 ) . °
'y ) . ) . -, @
. . . \ ( ;
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Worksheet V1 - - Worksheet 12 *
Upnt 18 Name__. s e Unit 16 ° Name_
- N .

- .
Pecord.tne number of tens (T*s) and the,number of
ones 1n the fotlowing numerals. Then wrte the
number 'nthe place-valhe chart,

‘T's Qr;es
1|6

T's

Number-of tens {T's)__.

16

Number of ones

-

Ones

Number of tens (T's)

34

Number of anes

W =9 I [ o |~
(€N
R

tart at zero and work this way —>across each row.
F{ll in each square with the nex® counting number; '
“ ’ -

11213]415|6|718 9
1213w s s 17118 119

M,le,?% 23_ 24125126127 29
013( | 32/33 24|35 |3 137138157 | -
40 4/\ 42143 V44 |45 46 [%7148 149

-~

Use Worksheet 12 to help vou fill in the boxes,

. tes oges 505+ |'salsa|sy |55 |56 | 57)53 |5
Number of tens (T's) I N & ;
92 a| 3 60|61 16216316465 166|676 |69
. Number of ones - -
' A Vo717 73 7|0 76 |17 | 78 |79
. T's Ones i - 1 -
82 Number of tens Ts__3 . . Q018118218384 185 |86 87158 89
2_ p $ () .
© umperofones  _ 2| 7| 190911 92| 93] 97 |95 | 3 197 % | 9]
~ ~ . T'3_Ones ~ |
) ,2 Number of tens (T-'s_)__j‘__.__ 1 .
j';' Number of ones S «2\ A 2’ ‘ )
: ‘ :
“Worksheet 13 ) . - .t i‘ Worksheet 14 /
unit 16 Name__ ‘ Unit 16 Name

' A

What pumeral completes the nufnber..pattern"

Co}or the numerals on Worksheet 12 as directed,

What,numeral follows? - |
) . ' 0,%,4,6, 8. _ ___{_0___ Color these red,
16 > /7 8 g T .
. [ v b
. . ! 9,12, 15, 18, 21, 2/-} Color these yellow,
32 2 33 280 1 029 . —_— ‘
. |
o P °| 26, 27, 28, 29 30 " olor these grgen
93. 2 271/ 47 » 9. 25, 3 » 27,28, 29, . Color q‘et; .
) o, ? ‘:
e ”~ * C. , . «
- 7 N
49 2 i/? 36? ’7"‘ ;‘ 38, 41, 44, 47; 50, 53 Color thése blue.
. . .- ; J —
5 = i »
8 N ,’/ 1
. / . 4 . o
- 540 74 2 7
. ) 74 .75 / 89, 91, 93, 95, 97, 99 Golor these brown,
W_ N - - - n -
) . ) O Q
/ .
. ] //, @ s




{* PROCEDURE

Activitt A . : ‘ SR

Lesson 7: THE -NUMBER’LINE

Th1s lesson reviews and extends the concept of the number /

\ line which is seen as still another way of representing the '

- ’ numbers’ and of learning some of their properties, The addi-

' tion slide rule (which is essentially two number lines) is
also useg Most of the lesson should be done as a class

acti\{ity/ . '

-~ Worksheets 15 and 1§ t/ \

i . . )
Draw or tape a number line on the chalk board. " Suggest
; /the children that the number line could be used to hélp
( Tor understand more about our system of numeration. You -
mlght say, "Tor wants to know in what order we arrange
our numerals " Ask such questions as:

\ IS THERE ANY WAY TOR CAN TELL WHICH NUMBER IS
\ LARGER THAN ANOTHER -- BESIDES LOOKINd AT THE
. NUMBER OF TENS/AND ONES? (Yes, he can look at

the numbe\x; line to see which numeral is|larger, )

A
/

" H W DOES THE NUMBER LINE TELL US WHICH NUMBER -
IS LARGER? “(The numgrali to the right of - anoth numeral
always larger ) a ‘ .

HAT S RIGH RIL;HT AS WE GO THIS wzw———) ALONG TH
NUMBER LINE, ,EACH NUMERAL IS ONE GREATER THAN
THE PRECEDING ONE. .

¥ \

ive each child an addition slide 'rule Ask the chlldren to
describe it, eliciting that it consists of two number lines.

N / ¥ N\
n Ay
" . . * 5 ” }'
. O i "
| {
.

;o . - s TN
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, . .

‘ " Ask for volunteers to demonstrate how it can be u§gd to add
. tWwo numbers. If nd child remembers. the procedure well

A " enough -- from first grade ~- to give a good demonstration,
show the children how the two number lines of the slide

- o t tule are used, ‘ o

/ . WE ARE GOING TO ADD 3 TO 6 WITH THE ADDITION
o SLIDB RULE. WHERE SHOULD THE 6 BE PLACED ON
THE LOWER LINE? (Straight below the zero on the
/ . upper number line, ) . o
WHERE DO-WE READ THE SUM OI‘ 6 AND 3? (Straight
downfrom the three of the upper line.) Lo

Have the children use the \addition slide rule,and then the
number line on the chalk board to show Tor how number -
lines are used to add numbe Ask them to do such addi-
tion problems as 6 + 7, 33 + 6, 53+ 9, 17 + 2, etc.

" Continue giving addition proble until the ch1ldren can |
use their slide rules eas1ly4r £

The various rules for addition, which the children have been
applying,. are properties of numbers, but i{ is not necessary
for the children to recogmze this now., However, they
should be able t6 state some of the ways (some.of the rules)
" they have used to.add numbers,

~

LET'S REVIEW FCR TOR SOME OF THE WAYS«WE ADD}E\
NUMBERS. (We used the decimal notation to add tens
and ones; we used one number line on the chalk board;
we used two number lines on the addition slide rule.) -



"Have the children do Worksheet ™15 (as a clas® activity, if
necessary).

*
A
d

Worksheet 15 ' . . .
Unit 16 Name . . < s : o . \

Use your addition slide rule to add the following.

_ 74+ 12=_A7 4+5=_9 '.'. .
) 649 = 15 ga+9=_93 : | " -
e = 17 s+8="13

’ 63+ 9 = 70?,. 3‘7-{»:0= J7 N

P L.

i . . . . . . ..

Activity B " o o )

Tell the children that Tor would like to know what we call

points on the number line that are between the numerals,

Have some of the children come up and find points halfway *

between a pair of numerals on the chalk board number line

{such.as 4%, 185, 23%, étc.) The number line representa-

tion helps the children see that fractional numbers exist

between the whole numbers. Explain that fractional num-

bers must not be very different from the integers since
- they are both represented by points on the number line.,




- ) .
Give the children red marking pens or pencils. Have them
mark the half-units on their addition slide rules (on the upper
tape only). ' '

-

,‘]

P li /rk I
, .

. o | I~| 8 l4 L l»6l 7
LN B | LI LA B

1 L/‘ l

T L 1. |
?Jl ?f‘*!“ 12 13, |

. Red

, Continue the class work until the children seem to under-

48

mark SV

o
Demonstrate addition problems such as these:
‘ 2L S | 71
54 25 = 7z 53 + 9% = 62-1
. — _-/_—_ L
_ 33 g

” .

i i )
17 + 33 = 292 32 + 3%

stand, Then have them do Worksheet 16,

. )

Worksheet 16
Unit 16 Name . . &

Use yoiir addition slide rule (with #'s marked) to add
the following. .

=

~ ar3y = 12 3+9§'-/°2%24 . R

73+ 6 = /3%, 9+ 63 = 151

e
i
< . . .

o -
342 = TR \e+2y = (95

»

. uy
10+ 10p= _RO% 15\ 25 = /74

-
3

s+ =/ §§+2>; A7

-——e
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Lesson 8: MEASURING WITH TWO-DIGIT NUMERALS

"In addition to providing practice in measuring with. two-digit
numerals, this lesson builds the idea that numerals cah be
used to represent size, Concrete examplés of length mea-
'surements are shown on the number line. This lesson also
reinforces thée ¢oncept of place value. . ..
In Activity B the children leam the number of inches in a foot’
and the number of inches and féet in a yard. 1In order tp de-
termine the numbeér of feet in a vard, standard 12-inch rulers.
are easy to use, If MINNEMAST rulers are used, allowance )
must be made for their extra length, eit ther by overlapping the
rulers-or by arranging them in this way along the yardstick:

3

Method of comparing MINNEMAST rulers with a yardstick:

rul‘er_

I yards_tirck‘ I )
12 . 24

. o . i
It is desirable for éach group of children té have a yardstick
andwthree rulers, but if this is not possible, either’ divide .
the clags into larger groups or have the children take turfis
using the equ1pment The number lines ~- which the children
use -- may be taped to their desks before the lesson begins

’

MATERIALS ‘
D . I

v

— number line (0£25):on the chalk board »
- red, blue, ye:llo’w and orange .chalk

- =< for, each group ~- :
- | standard 36" ‘yardstlck
~"3 standard 2" rulers

.1 large book - -

49
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{.

v -~ for each child'~=

= | desk number line (0—‘25) .
- red, blue, yellow and ‘orange crayons

'_ Workshéets 17,718, 19 and 20
PROCEDURB L - - "

Act1v1ty A

. o Write the followmg numerals on the chalk board =- in no : :
particular order or po sition -~ hke thls' ) ,

| 34 19 5 : S

o

A

Mention that Tor is still puzzled by our numerals He-
would like more information about 2's and 4's, for example
Indicating the appropriate numerals on the board, say that .
Tor wants to know'whethér.24 is the same as the!sum of 2 v
. and 4. ” ) ) \
LET'S SEE IF WE CAN EXPIAIN TO TOR THE DIPFERENCE \
BETWEEN 2 4, AND 24, . ' .

Draw a number line (0-25) on the chalk board, " See that
each child has a number line with the same number of units
on hlS desk. Ask'the children to locate .and mark with a red
crayon an X at these three points: 2, 4, and 24, Mark your ' ' '
chalk board number line at the same points with red.chalk,

_ Next, have each child use a ruler and a blue crayon to draw \
d a liné segment from 0 'to 2; a yellow crayon to draw a line
segment from 0 to 4;-and a red crayon to draw a hne segment. .
from 0 to 24, Mark these on the chalk board also. 3 |




TELL WHICH LINE IS LONGEST. (The red line.)

"WHICH LINE IS THE SHORTEST? (The|blue line.)

Explain that the same two digits, (2 and-4) were usedin all
the parts of the example. Bring out thé fact|that the length
represented by. combmmg and writing 2 and\4 as 24 is sig-
nifiéantly -longer than a léngth of either 2 on 4. Then,

above the red line on the ¢halk board, repres\ent the sum of /

2 and 4 with ah orange line segment from 0 Lto 6.
IS THE LENGTH OF 2 + 4 THE SAME AS TH\E LENGTH
. OF 242 (No.) . i
’ . |
WHAT DOES -24 MEAN? : ‘\

Answep this’ by wr1t1ng 20 + 4 on- the chalk board

WOULD THIS SUM, 20 + 4, BEA WAY OF REPRESENT-—
ING .24? (Yes. ) \

CAN YOU THINK OF ANOTHER WAV TO WRITE 24°?

(2T + 4.)

3

Now tell the children that they are to think of the hAumber

line as havirig units which will represent inches: e numeral _

24 will fepresent- 24 inches, the 2 will be‘2. inches, the 4
will be 4 inches, and so on.

On the chalk board write:

20 inches +" 4 inches (or) '29"' + 4"

?




* , If you use the. shorter symbol (")‘ for inches, make sure the
children know what it is. - o : ’ S
. :' - IS WHAT I HAVE WRITTEN A WAY OF REPRESENTING
‘ 24 INCHES? (Yes.) L g

c e

) TELL ME ANOTHER WAY TO WRITE 24 INCHES.
D [(2T + 4) 1nches ]

. - .

Repeat the act1v1ty*w1th anotherqset of numerals, such as
1, 5, and {5, Then ask the chltdren to do Worksheets 17

- . L and 18. lee as much help as necessary.

ta

P g - T - ‘-Q:; , :
Worksheét 17 ot Worksheet 18 . .
Unit 16 Nome__ % . - . Unit 16 Name - 1 :
Complete the following equations: ol éomplele.the follewing equations: ‘
N 24 tnches = ( o T + g ) inches . . '8 _inches = C/ T + 3 inches
Cw 17 inches = ( / T + 7 ) inches *._20 _ inches = {2 T + 0O )inches
21 __ 1inches = 2 T + [ ) inches __7 _inches = (__O__T + _Z__ inches
RN /6. inches = (_t T %+ _86 } inches 12 _ inches =/ T #- 2 ) inches
* 3 N € . ~ . '
9 taches = { 0 T * 9 ) inches 1 ____/_/__ inches = (__U_T + __‘_’__;)inches
/l  inches = (_! _.T + _1 ) inches | 2 inches =_2 1 + _2 Yinches
. \ .
L] = -
X
N o the Tollow ° Measure the following:
Measure the {following:*
* {Many possible answérs) - ('\Aany possible answers) .
Length of Desk % tnches = (;_T + __ )inches Length of Book = __ inches = ___T + ___ inches
' . .. [ ’ :
Width of Desk 2. inches = (___T + ___)inches Wicdthof Book = ___inches = __ " T + ___ inches
o~
AL N ) . “
. \
¢ ) . . .
Activ1ty B- . I <o . . \

' Divide the class into groups and provide each group with
a yardstick and three 1'2- inch rulers. ‘' Identify the objects
for the children. Then ask them to find out (for Tor) how K

5z

ERIC
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Lo

i

many 1nches there are in- the yardst1ck and how many IZ-inch

.rulers are equal to the yardstick

’ . CAN YOU TELL TOR ANOTHER NAME, FOR YOUR IZ-INCH
\ RULBR" (it's a one-foot ruler.) o

L §

Writ If ot and | ft of the chalk board.

K

HOW MANY FEET ARE THERE IN ONE YARD‘? (3.)

‘L_.

-

.Give the chlldrenﬁenough ‘time to use the rulers in various

ways: to find the answers to the problems. If MINNEMA{ST‘ ©

rulers ‘aré used, see ‘if the children can  devise their own
methods of taking care of thé overlap when measuring the
rulers along the length of the yardstlck (One method is

shown in the lesson commentary )

Ask the ch.ildren to do
Wdrksheet 19, Tell

: them they may work

together and use their
rulers and yardsticks
to find the answers.
The starred worksheet’
problems involve con=-
cepts not yet presented
in the MINNEMAST
materials (adding ‘36
and 36-, which involves
carrying; using:the
fractional notation of
one-third). ‘Use your

* ‘own judgment about

_whether your class .
should. try thése prob-
lems with your help,

~ whether only advanced
students should do the
problems, or whether
the problem's should

_be omitted.

2

a

Worksheet 19

U“nit 16 . Name e e

iJse your rulers to help complete the following:

/2 inches = __ L . foot
T W inches = 2 feet
36 inches = 3 feet
36 tnches = ! vard
., ’ ot
72 inches = __2  yards*
S feet = _ | yara
e L
o1 s
! foot = _ 3 yard*

53
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-Activity C
- . .Draw a number line (O—QS) on the chalk bcard. Refer to the
units as representing inches,  Draw an X through the point
representing the numeral 16. . .
&t A\V4 } \.
N rAY |
0 : 16 3 25
» -
HOW MANY FEET ARE THERE FROM 0 TO-16?
Answers to the questlon may vary (c‘lose to one foot, g eat-
er than one foot, etc.). ‘Give your answer by pointing qut
.that.one foot would represent a liné from 0 to 12, with:
4 inches remaining, Therefore, 16-inches = 12 inches +
4 inches, or | foot+ 4 mches Write this on the chalk
board. Repea* the activity with a 21-inch example:
L . 21 inchés =121 chgs._-j—,g inches, or.l foot +.9 ig’lches
_ Have the children dci Worksheet '29. . ' -
./ _ ' \ /
’ Worksheet 20
. Uit 1,6 Name
' Use yourdesk number lfne and a ruler to help answer
- " inches =' I foot + ‘7’ inches
. . E |
inches = _ | oot + * 9 inches ‘ C
o .
‘ 8 inches = O  foot + 8 inches
/"/ lnches = ! _foot+ _2 tnches ’ -
- 25 inches = 2 feet + __\__inch
- 12__inchds = __I__ foot + g .inches
]
;
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Lesson 9: ADDING TWO-DIGIT 'NUMERALS ON THE SLIDE RULB

- MATERIALS - -

~

N

. . .'
.

The children receive more practice 1n using the addltlon shde

. tule to solvé problems on the worksheets which make up this -

lesson.™~A few problems deal with the addition of units ot
weight (pounds) to show that numerals can. Ige used to repre
sent and add- quantities other than units of length,

>
/

.

- number line (0~|00) taped-to the chalk board

— addition slide rules

- L/
~ Workshgetls 21, 22 and 23 / e

PROCEDURE  ~ | .

can be, found much more quickly,.

Let the children work the pfo‘glems on the worksheéts inde-
pendently, if {they can, If they cannot, read the instructions -

"to them, and discuss the problems carefully so that the

children w111 ee that addltlon is néeded to solve them,’
Emphasize again the fact that addltlon slide rules are merely
movable numb r lines arranged in a very convenient wa&for .
flndmg sums. Demonstrate by having a few children c#€ck
the answers ok?tained on the slide rule by using the .number
line on the cha$1k board. The children should realize that
when they use only one number line they have to add the
second numeral to the end of the first by ¢ounting, off each
one; when usi g the slide rule (two number lines) the sum
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o : : : orksheet . ~
- - Worksheet 214 ) N ¢ PR : ol , . .
nit 16 -
Untt 16 » Nate - Unie 16 Name =L e
N . A B - »
. ‘ N Ll . Use your addition slidn rule, f. L
L U'se your gddition shdewrule, Use yor ad ¢ ..
2 A » b
‘ i ' 1. Kathy weighs 2 ’
). Billy welghs 38 pounds, BRBilly's baots weigh § - Q athy wetghs 47 pouqt@ Ke th-y s wlmer coat .
! 3 5. i
. . pounds. How many pounds do Billy and s boots P ~weighs 8 poukds.” How riuch will Kat(hy and her A .
: . ¢ * coat vie togetlter?- ’ J - -
welgh-together? | < . <. o3t _}’b qettt Fyoa ..
. ' ~ 4y e 55
38  pounds + _S_ pounds.= __¥3_pounds \‘”—';"—— poynds + ‘i— pound_ A p‘ounds .
i — ! IS ) o - . ‘
. + 2. Batbara wanted to megsure a 17 inch stick with 2. Sammy wants to show Tor his gleuric traln. He t .
) hu 12. inch mler. she found that when she has two, tables one‘ 19 lnchras long and one s
L o placed the . uler beside the stigk, the ruler was N Tn&hes long. “if he pushes the two tables KR
b . too short. | How muny x‘nches short was Barbara's together, how long could the ll‘aln tratk be? -
. tuler? T ) - /7 “inches + // Jncﬁes 47 3 inches
: 12 inches + _ 5 inches = 17 ches ‘ ) A vl v
. ) , . 3. Sandra has two chairs.. One chalris 12 inches
3. ke measured u 27 inch stick with a 12 inch wige. The other 15: 13 xnche;s: wide, . hdd lhé ., b
- mler. He found. lha(.U'No lengths of the ruler ;wiatlgs of the two,chairs. ;2 1.
were too short, ‘How many fnches short"’ ) . o
" ) : /2 _inches + __ 73 _inche$ 2, S inches .
J12:1nches + 12 1aches + _ 3 = 27 inches ! D } DA "
X o . - - " . : i . he R . - .
’ : “ . N N .o - (‘ oY PYy LY ] -‘ M
: * — “ i A a Tk
-~ . - PR X 3 .
f . . » R N ~ . P | » .
. L ’ o . r 7
4 - - " . ~ . . N N
AT - . ol 4 R o
. Worksheot 23 < N e S .
. . . Fait 16 Name . oA e LY a "
. . . vt . - “w . e
. ‘. “y . 4 _“‘\ . - . . - ’
- Use your addition shde rule. - . RN ; i v
b . . , ’ : - ¥ ..
Tel 1, Becky has two pcr;crls. One pencll 15 § mches . . .
lonq The ofher is.-2 $-anches long. Add the L . . .
lengths of the two penclls. H - ' .Q . s o i
. . R
j > B . 3 -~
N _é__uihes i _o_?_:_&___lnclms = ___7_-7;,inches e L. 7.
. * ) ' " - L
. . . Y . ..
° ' . A P B Ve
. 2. fhlly s book is 4} mcht‘:s long. Sue'-‘ booL is . v ) . }
* - » - . 4 .
. Y \? znches long. . ‘How many: inches longer is Sut. s . / :
' . . ‘bock than Billy' s . . S AN Ce " - .
\ . P N ., . .
2 © - 4% inches™¥ '2-7. Inches = 7 inchdy, | . ‘N
) " - . -~ ' ~ 1 - N
. : s . ‘ ~ N
* oo . v : Ta \J " A - ..

.\ . . ' 3. Sammy is 7% years old. Billy1s 9% years old, _ . :
LN - . x . How m\ich older thdn Sammy 1s' Billy® | . ol y : .
™y & - . ' i s . -,

.‘\‘ . 7% yoark + _o% years = 75 yed3_y Lo g . ‘
.. ' ' » * v ) ) .
- \ - . . - . L DS 0
Y ' N . g 4 . \
) . o .. ~ , \
© %6 — 7 . _ \
’ A sk . . . L
\ « 3 "'- ' * A . 6 ';;' ! - S‘ - N . .
.~ \)‘ = " . . » a » \ . . . N N 9" . b
]: MC \\ " " . ? . .I R - ’
“ i PR . . . K IR R ]
R T ; o . ; v * : . * !
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Lesson 10: THE ABACUS N ¢ v :
aa . - . : § W
. This lesson is mtended as a review of the use of the abacus, T '_ o
but to some childsen this convenient device faor calculatmg y

may be unfamiliar. . & nine-bead (per columq) abacus shows ° ;
the place-value property of the decimal system of numeras
tion, The MINNEMAST. abacus has columns for thousands, Coe y
L hundreds tens and ones, In this lesson the children use, - . .
the abacus to find sums, less than 100, so they use only the
- tWO columns repre,sentmg tehs and ones, ,All parts -of the’
— lesson may be done as.class work

’ *.

AY




PROCEDURE
. Activity A «
Tell the children that.for would like to know if there isa
method of adding numerals without writing them or using a
number line or slide rule, Discuss this with your class and
, lead one of the children to suggest using an abacus, If the
. children remember their work with the abacus from first
e gmide, have one of them explain its use to Tor, If the ghil-
- .dren are not familiar with the abacus, explain its use as a
calculating device. .Demonstrate how the first column ‘of
_beads on the right represents the number of ones and the -*
‘ ‘ sec.ondofré‘m the right represéents the number of tens.

\ .
N : . A
\ . \ .

Yo Va e Ve

A\ 1

) \..\m N
i

1 000's 100's 10's I's /
—~
Columns

R

"Show how the columns .of the abacus have the same place.
3 . . value as the written numerals have, Give several exam-
‘ \ ples, e.qg: ' )

The numefal 62 is represented on an abacus as Co

6 beads on the | 2 beads on the /!
— 10's column : I's column

6T+ 2= 62

Vs , 69




' ' : ' To avoid confuslon have the ch1léren la/bel the two o}umns

' / ‘ | _that they:will be using 1n this lesson, “Have't them ut tape
’ ) at the base of the abacus and write { and T on ‘thie tape,

as shown in the drawmg . ,’ \

R

L/
fI/Tl

Make sure the ch1 Z{en understand that they may use no
more than ‘nine b s in any column. The/l's column may
represent numera s.from 0 to 9, depending on the number
of beads showing. When 10 is reached, the 9 beads are
’ slid to the bat '(o_f the column and repladed by | bead in

- the 10's colun When 20 is represented, there are
2 beads in'the [I0's column and no beads showing in the
I's column -

Activity B

Place ay abacu where all the childrer can see it, Illus-
trate a umeral {such as 72 on the abacus and have one of .

~ Chanée the number of beads and hav

a child teli what

the children tell what number is repr%/sented by the beads.

nu,m/éraI it repregents. Repeat this a

tivity until you think
the/children und '

stand the process, ~ .

Acti) ity ¢ . _

\ 4 - Write a numeral on \your chalk boar¢, Have the children
. . | record Iit on their abaci, Check to make sure the corfect

\ number‘i of beads is in each column| Let the children take

\ turns writing numeral¥on the chalk board and representing

the numerals on their gbaci. Then have them complete
\Worksheets 24 and 25.\

\After completing the wotksheets,/if some children want to
use their abaci to repregent hundreds and thousands. per-
their gwn time.
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C . ’ A
. Workshhat 24 . _ \L/’v:xrlkfgee! 25 Vame AN
Umt 16 Name . . am
* > ‘ & h
Write the numeral shown by the beads. ) Draw on each abacus as many beads as youneedto °*
R show the numeral, '

AN . . k !
' qf\ q*_)} fatalaial .
. }} . [{ “_‘/___ Tts + 7 ones = 47 ? ; 5 I3 ’ . *

3
p
. p
: [N S, ————— . 4
ot ﬁ . b
. o >

b o o ey

AN ) ‘ _
‘ ' 3 T's 4 g ones = 38 ataYala rQ’.lQQI
i— N ~ T1% _
. 42 94 il
: - i3l

LRC ) (3
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Lesson I1: ADDING AND SUBTRACTING WITH THE ABACUS
B
L ' This lesson gives the children practice in adding and sub-
- \ tracting two-digit numerals with the abacus. If possible,
' provide each child with an abacus and prepare transparen-
cies of the worksheets for use on an overhead projector,
All of the lesson may be conducted with class participation,
if you wish. I :

B MATERIALS SRS

- —~ abaci (! per ‘child, if 'possiblL)

— Worksheets 26, 27, 28 and 2

- tr‘gn :;Sar_ency of each worksheet (optional)

— overhead projector (optional)
- PROCEDURE

Activity A

Review with the children the use of the abacvs. Elicit from
them, or remind them, that the column at the extreme right
shows the number of ones; the second column from the right
shows. the number of tens; etc. Emphasize again the place
value of each column ky representing numbers on the abacus
. and then in written numerals,

Erovi;de each child or group of children with an abacus to
use, Then project a transparency of Worksheet 26 and
demor. strate the first problem. - (If you have no projector,
use the chalk board.) Carry out the addition on an abacus
and write the answer on the chalkboard:

»

ST+ 5 =255 0

Help the children complete this worksheet, so that they
canr try to do Worksheet 27 independently. Encourage them
to use the abacus to find the sums. -

. v




4 B B /
*
- .
)
: .
\ -
| —
Worksheet 26 ’ Worksheet 27 . g
Unit 16 Name Unt 16 Name,
; ' 23
what number is shown on this abacus® Add. Use your abscus jo-find-the sum.
SO 2 Add 32 to the abacus by drawing .
3 beads on the ten's column and ) -
o & . .  2beads on the one's column. : T 6o+ 2 = .ﬂ_
- 13 (5 The new number 1s:
) ST 1t o+ S = _ 55
i e a4 = (7 .4+ 13 o= 17 ?
“What pumber is shown on this abacus? 37 . ¢ .
. TN v Add 41 to the abacus by drawing T T R A B T T T
. ‘ l 4 beads-on the ten’s column and : .
P ! bead on the one’s column. 6+ 3 = _39 3 o4 3% = 37
v ; { i § Xf3 The new number is: )
7 1T 4+ S5 =25 S T oo T
' o - . - a3 = 6
What number is shown on this abacus” 72 L 12+ 37 77 2t o+ 43 —-2,-
. : Add 17 to the abacus. e R i
The new number 1s: ’ 61 + 0 = &6/ 37 &+ 30 = 67
, 8t 2 =_5F S
Activity B ) N
Demonstrate the first proklem of Worksheet 28, Show the
! children that to subtract, tney need only flip the correct
- . ’ number of beads to the back of the abacus. Give examples- "
i such as 34 - 21, ’
. * HOW CAN WE SUBTRACT 21 YROM 34 ON THE ABACUS? -
(We remove | bead from the ones column and 2 beads
, from the tens column.) ,
Write th\? answer on the chalk board in numerals: N
34 - 21 =13 ‘ *
1] &
. Have some children do. subtraction problems for the class.
Ask them to demonstrate both with the abacus and by writ-
' ' _ ing each problem in numerals on the chalk board. Explain
; that on the worksheets subtraction is done by simply

. crossing out the specified number of beads in each column
. to represent flipping the beads. | T

-

¢w

62 . o v




4 . |
Ask. the children to try to completé Worksheets 28 and 29, ‘
but-help them if they have difficulties,

<

- v
4 | Worksheet 21 Worksheet 29 :
- Unit 16 Name, Urat 16 Name
- 2/’: 5 ’ - ‘
What number 15 shown on this abacus® Subtract, Use your“lbacus
} -
NN Cross out 3 beads mn the one's
) . column, Crogs out 2 beads in . -
* 34 thy.ten‘s column. 6 — 8 = 3 48 21 27
. ¥ 5‘ The new number 1s: 0
‘ 2 L .
. 4 T + '2 = 4"' . “ * .
Y . : - y
What number g5 shown on this abacus” /6 23 = 13 = 70 53 2 e/
Crpss out 4 beads in the one's -
coluriry, Cross out 3 beadfun
the ten' tumn, ] .
he ten's column . ‘; 9 — 21 = 73 37 39 . 7
The new numb?r is: .
lor o) 2 o [2 : :
What numbcr is shown on this abacus" 7 68 — 2 = 66 R 86 72 - VL
N Subtract 17. Cross out the .
- pmg D ¥ carrect number of beads.
§ - .
R ¢ , . )
! { i § The new number 1s: 47 ~— 15 = __;2, 3 9 o
s
B e o J t + 0 = 30 .
~ . -
L 4 )
. .a
. ¢
N 5 .
2
s v
"‘f ‘ '
\ . .
- » ‘ &
: : ‘ 63
. re!
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Lesson 12: THE '\IUMERAIS THROUGH 999 _
‘x,.

@

The children's conception of place Value is here extended to
the hundreds. This gives the class some idea of the larger ‘
quantities that numerals are used to represent. After com-
. pleting the lesson, the children should have an understand- .
ing of numerals through 999. . * !
This lesson follows closely the procedure given in first grade
in Lesson 39 of Unit ||, Introducing Addition and Subtraction.
Lesson 39 was an optional lesson. If it was taught to your ;
*+ class, perhaps the children W1ll not ne"ed to spend much time .. I
on the concepts. However, new notation for hundreds is k
* ‘ ‘used in this unit, e.g: since 100 means 10 tens, T*T is '
used to represent 100; 3T ‘T stands for 300. (T-Tis.an 5
intermediate step towards the exponentlal notatlon T2.)
If you feel that your class is ready for thousands, you may
A present that notation also. ‘If the class is not ready, you
\. - may wish to let som children continue to the thousands.
) The notation for 1000. (10 hundreds) is represented by T+ T-T. -
In T notation, 4752 is: 4T T-T + 7T-T + ST + 2,

V.

. MATERIALS ‘ -

R ‘ - for each child -- ] o
.- Sor rnore paper cups

< ; i - — Worksheets 30 through 34°

-~ for each grodpq of 3 or 4 -- . K

— pile of counters (various amounts for each group, but
more than 200)

— 2 or more trays or boxes large enrough to hold {0 paper
¥ ) cups
" PROCEDURE
< 7 Activity A - ‘
Dw1de the class into groups of three or four children. Pro- i
V1de each child W1th five paper cups, and each group with /

a large pile of counters and two trays. Ask the children: to
~ take oounters from the group § pile and put ten in each paper

Loy aiied
(S




s ‘cup. Wher the group has ten filled cups, one child should
place them in a tray, Ask the children to tell you how many-,
counters there are.in a tray filled with ten cups each holding_
ten counters (100),  Show them how to write this.in T not

tion as T+ T. Provide enough materials so that the groups

* will have three-digit results for problem | of Worksheet 30

Each group should end up with: ~°

.

— at least 2 trays of 10 cups containing 10 counters
edch ) '

cups of 10 counters i_nsu_fﬁcierit_to fillla ‘tray (0-9) "

— single counters left over insufficient to fill a
. cup (0-9)- ' :

) ' With help from Ehe ‘class, demonstrate on fhe chalk board

how the children in a group are-to record the number of
counters the group has:

"IF A GROUP HAS 2 TRAYS FULL'OF 10 CUPS, 3 CUPS OF
10'S, AND 6 COUNTERS LEFT OVER, HOW WQOULD WE
FILL THE BOXES IN PROBLEM | OF WORKSHEET 307 °

Write on the chalk board: ™

= Q 3’ 6

LY
Y

~

Then show how the blanks in the se

ntence under the Boxes
should be filled: A

. 2 hundreds, 3 téns and 6 ones = 236

’ : Have the children do problem | of Worksheet 30.. 'Tf answers

¥ary within a group, have the children check and correct
each other,

.

T'or problem 2 of the worksheet, ask two groups to put all
their trays, cups and odd counters together,
how many trays of ten filled cups they have, ‘how many

extra cups of tens, and how many ones are left over, Using

all the counters from two groups, each child should record
the results, as before. ‘

. P
»
l

and again see

P




~ ° © - - N
{ ¥
. ’ N ¢
. ( Worksheet 30 R :
) .Unit 16 Name .
1. Write in the boxes the number of counters your \
group has. . . ' N
. \
Number of.trays | Number of cups Number of ones | N
t - » \\\
z N
= N\
. 4
. -3 5 o
. ) , 2 hundieds + 3 tens+ _6_ones= 236
o 2. Combine your counters with those of another group.
Write the number ofscounters in the new set.
Number of traysg‘ Number of cups' | Number of ones {
95\ ' '
|
4 a 8 % —\
) _Q_Q_-—‘ ’Q
= .
* ) 4 2 5 &
* 4 hundregs+ _<X__tens+ 5 ones=_425
» ({00 2 ':g'a ran. possivis sy 1o twis Seracheetss )
IR S — e - e
- F] 1 - .
NN ’ Next have the children complete Worksheets 31 and 32 by
—— e looking at the numerals given at the left. If any children
have difficulty, remind them that T+ T stands for 10 tens or
- - 100. If you wish, have the class participate afterward in
* assembling the number of counters represented on the work-
sheets, " :
Cbnclude the activity by having the children do Worksheets
33 and 34. . @ .
3 . <
e ‘ - T
*
\
3 . '
« A \ * , o .
R 66
9 ) (Y
R ol ]
('
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<Unit 16

Worksheet 31

’ °

Name rd

L4

Fill in the blanks ond boxes for each numeral,

-Pill in the blanks and boxes for each numeral.

Worksheet 32 . " . '
Unit 16 Name, ;

-8

f T1's T*s Ones ” T'T's T's Ones
. . ,
. % Number of hundreas = 3 ~ - Number of hundreds = 7
| - .,
342; Number of tens = < 31412 7948 vumber of tens = . 9 71914
+1 Number ot ones = 2 A\ Number of ones = 4 i
i T'T's T's Ones T:T's T's Ones
. i Number of hundreds = = 2 Nu-iber of hundreds = 0
. . * 1 — .
516§ xvumber of tens = / 51116 . 32 Number of fens = 3 0|, 3pL,
, Number of ones = o ) Number of ones = 2 ;
4 $ - . -
{ X 'I"-'l"s T's Ones ) .o T*T's T's Ones
. | Number of hundreds = __J Number bf hundreds = __3 - T
. -2 E— . -
:-Sj Number of tens = __7 Ol 7{3 . 34 Anunber of tens = 4 3r4t1 7
: Number of ones = 3 ) Number of ones = T L
. —_— J—
: T-T's T's Ones e | T.T%5 T's Ones .| °
i Number of hundreds = {‘{ s - ““' i Number of hundreds = e 7
R _40'7-}~Numbéi oftens = _ O 41017 8 Number of tens = 0 01-0]8
< %_Number of ones = / ' Number of ones,= 8 .
* ~ L] ~
° - b - - v
2
Worksheet 33 -] ‘Workskeet' 34 ’
' Unit 16 Name, Ynit 16 Na%\e .
Fill 1n the blanks. ‘F1ll in"the blanks.-
[ ' . a
) . 3-hundreds + 7 tens + 8 ones = 378 . 549 = 5 bundreds + _ % tens + 7 ones.
- . . . )
. 4 hundreds + 2 tens + 4 ones = H24 210 = _&2_hundreds + __/ tens + __( ones,
-~ j . . '
) 57T + 6T + 3Fones = 5¢3 v 832=_& 1T+ _ 31 4+ 2 ones.
)
Pl . - — *
1 8717 + 9T + Bones = 38 . 92 = _5 ‘T + 7 T +°_ 3 ones.
: . o~
[} -
- J , . .
. . ¢ TT + 31 + 4 ones = 634 82i = b4 T T +_eX T . % / ones,
. . * -
« ¥
. 444 3=
417 +. 4T 4 4ones = - Sp3= _4_T-T + _6_T + .3 ones,
q T.7 + 37 + Bones = 938 ' 6/7=_6__TT + _+ T 4+ __7 ones.
. ‘0" . s “ ",
' ' s
: : : ‘ ¢ . 67
* e oy ' .
»- ‘ O -

ERI
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Activity B o ST . . . ;

It 1s desirable for the children to know how to pronounce S
three-digit numerals correctly. Remind them not to use
".and"' between hundreds and tens:
WE ISAY "POUR HUNDRED SIXTY- TWO " NOT "FOUR 3
HU?D DRE;D AND SD(TY TWO " L.

. ‘e
“ - -

»

. ! You ma w1sh to write a few numerals on the chalk board -
M and ask the ch11dren to,pronounce them: .
toe . v '
K 121 il— One hundred twegty-one ) B . -
Je . 369 L— Three hundred sixty= n1ne, etc AN

3 “s

Act1v1tyC R . ' " C

LPEN

Bring yp somesquestions that requir€ answers w1th three—
- - digit numerals. Make up questlons of your own or choose
‘ from tbe following: ¢ - - . R

I. How many pages are in this book?

z. How many words are on this page?

3. How many- tiles are on the floor? ) " T | N
. 4 How mafy holes are ‘in the pegboard?. ' . .
& ‘ 5. How many seCOnds are there int two minutes? Lo C
. 6. How many days are in one-year?
7. How.muc‘h do SOme of the.adults you know weigh?

Some of the answers to the above quéstions may be easy ‘
for the children to answer (questlons I, 6 and 7); others -
o may require count1ng : , )

If you !msh you may go on to discuss questlons that requlre '
answers with four-digit numerals, but this is entirely optlon- N

al Suggestions are. i

[}

N |. How many, sedonds are there in an hour? (3600.)

. 2. How many miles wide is the United States? (Thls're—
quires looking at.a map and its scale, then measuring ,

and converting the scale into miles.

9
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Lesson 13: COUNTING BY TENS - U

{

Motrvatlon for the' work*wnh tens 1;\ rovided by Worksheet 35
Which shows the outlines of some: houses, lots and streets
on a grid whefe each unit of length represents ten feet,
Activity A prepares the children to use the worksheet and to

- count by tens’ the Lengths of .the s1des and perimeters of a

R 'houses and lots. ~__ ~ . . o )

~ ™~ o

The lesson begms wrth the consideration of a chalk line ten

feet long, so that the children will understand how much

length is represented by each side of the small squares on

the grid. Then the children learn how directions are shown

on a map., A transparency of Worksheet 35 would be most

helpful to the d1scusslon, if you have the equipment to make

and prOJect one, ﬁ ‘ - . .
T Vi .

In Activity B, the children complete Worksheet 35, Activity C .

nakes use of~counters to-provide~more practice in counting.

By counting in various ways (by twos, thrées, f1ves, tens,

etc,) the children are-led to see that counting by tens is a

more rap1d and convement than the other methods.

\ . ‘ ' ' \ . . ’
\\AATERIALS ‘ | R

3

~ foot ruler ' ' : /

;‘\ - Worksheet 35 . e R
: ~ transparency of Worksheet 35 (optional)

~ abaci’ (optional) '

| \ ~ 60 to 100 counters for eac:h group of 5.or 6 children .o
3‘ N ({l N l )
" PROCEDURE : _

\ : . -— -
- Activity A . ' I |

B

Draw a 11ne ‘ten feet long on the chalk board at.a height the
\ children can easily reach,|or draw it on the floor. Have.a
few children measure the line with a foot ruler to determine
that its length is ten feet. . Now have the children tum to .
T Worksheet 35 and explain to them that each side of the small
' square at the bottom of thé worksheet represents (stands for)
a length of ten feet, In a discussion, elicit that the tén /fco,ot

i

i

0

W




o

"

-

" show where-each lot,ends and another starts. |

" of ten feet: N

-

hne on the chalk board would be very dnucult to use as a
length Qn a workshieet, and ther fore maps use shorter units
torrepresent longer ones. Ma%sure that the children under-
stand that each small secny of the grid stands for a length

> ‘s

l

Nextlask the children to lookoat the compass drrectxons at
the lower right.of Worksheet 35 . Hold a discussion abcat
the way they are represented on a map and see whether' the -
chlldren can tell you where north, south. cast and west are
o1 the paper. Then have the children write' "N“ or "North"
at the top of the woltksheet, "S" or "South" at the bottom, . .
"W" or "Weést" at the left and "E* or "East" at the ,rigl}t -
Explain that these directions'‘will be handy when you_ask -
them to count off the pumber of feet 1n the south side of a
house, etc. (If you Jllsh to spend. some time. here havmg

the chlldren learn- the actual directions, you may do so, but
——-unless the chlldren are facing north at their desks -~ th1s

: .'mlght take some time, For the purposes of this lesson itis

only necessary that the children recogmze how directions
are usually indicated on. a map. )

. : !
] Explam that on the.worksheet the regions' w1th names printed

in them will be called houses. Each house regionlis included

in a larger reglon Wthh will.be called the house lot. .That ...

.

part of. the lot which surfounds each hcuse is qha ed, so'that
the children can™gll where the lot ends and the street or

another lot begins. ‘When two lots join,. small white spaces

i

R i
~ !

Have the children fmd Ash Street on- thelr mans. *

Ask ‘them -

zero, then count by tens\as they would on a number, lirie’,
Remind them that in this case each mark on the line repre=
sents ten feet, so they 'should count along Ash % reet by tenf

- to gtart at the west en,ls\f Ash Street callmg that point

. zero, ten, twenty,-thirty, forty, flftﬁ and si>\ty rfeet

~—

Now‘.'aslﬁ ‘the children to look at Jane's house; and ask how .
long each side of that houseis: (Thirty feet.) -Next ask
what the perimeter -- distance around -~ Janels house is,
The children may count By tens around 'the house -to reach '
120 feet for the length of the perimeter, or they may calcu-
late 30 30 + 30+ 30 on their fingers, or with ‘an abacus,,
or with stacks of counters each contammg lO counters

\
.

P

“a

€
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Worksheet 35

atete pabetet,




m———
x

* Ask the same kind of qua...’sns when you discuss Kathy's,

Ask the children to measue Bill's lot, then have them measure
- Mary's and Peter's houses and lots, Guide those who need
help when they try to measure Peter's, Mike's and Mary!s lots,

|

g

. . 0 /
: , |
|

!
Next have the children find the length of the north 31de of ~
Jane's lot (60 ft.). Then ask them to find something on the .
map to measure that would be the same in. lerigth as the north .
side of Jdne's lot. (Ash Street or.the south side of Mike's X
lot, for gkample.) ’ .

‘

Continuel with the fo]lowing° N
"

WHAT IS THE MI:ASUREMENT OF ',I'HE EAST SIDE O"
JANE'S LOT? (Fifty feet ) A

. o

WHAT OTHER LENGTH IS THE SAME AS THAT OF 'fHE
EAST SIDE OF JANE'S LOT? - (The north side or -the south
side of Kathy's house, for cxample.) e

. .

Tom's and Robert's houses at 1 lots. You need not discuss -
all the rectangular houses and lots if the children’ understand
the procedure,” When you think they do, direct their atten-
tion fo\Bill's house and lot. :

~

WHAT IS DIFFERENT ABOUT BILL'S HOUSE? (It is not
‘rectangular )

°

- hOW CA‘\I WE MEASURE THE SOUTH SIDE OF IT?

Lead the children to measure both lines on the south side and
add them. Then ask them to measure the north side, .

WHAT DO YOU NOTICE ABOUT THE NORTH AND SOUTH
MEASUREMENTS OF BILL'S HOUSE? (The sum of the
lengths of the two parts of the south side equals the
length of the north sic<,)

Repeat the procedure for the, east and west si-le of Bill's house
if it is necessary to insure uhderstandmg




/

7/ Activity B f
/ . . E e
‘ . Beforg proceeding with more work on the 'nap, ask the cla,ss

, _ to think about and discuss whet!per it i§ important to ledrn to
[ make measurements. and when they would need to use this <
] _skill, ' ,

el
~

Now ask the c,hllaren to find the two part of Maple Street /

that run in a north-south d1rect1f3 n.,  Tell them to sStart at the :

south e\nd of each part of Maple Street and\write in the . \\//'

d numeraks at every pomt that re 'r@sents ten more feet, so that ) -

A 7 they w1\1 have two sepa(ate terﬂ—countmg ch rtsywhen they
) finish, Some numerals have ‘been filled in t help them,

Remind tpe children to start at Zero and writé thﬁ\t first,

/ When the% class finishes the worksheet, c.orrecXt tk‘e papers /
. ,

in a general discussion, - \ -
§ . - e 4 « / . ,\.«//
N J . TN ’ .
Activity C ' _ / : \ . .

~. This activity gives more prachce in, countmg by‘tens \

P . Divide your class into groups of f1ve or six children and g1ve
i . each gloup a‘pile of counters (6C to 10C or so). \Each ch11d
| , 1nd1v1dEally counts the number of counters in his| group's \
f pile, ahd secretly records the number on a slip of paper,
; (Encourage the children to think of various ways to arrange X
I the counters -- in stacks or|sets of twos, threes, fours, s N N\

fives, tens, etc, The ob)ec‘t here is to see whether the chil~- S
dren will discover that countmg by tens is more rapid and
convenjent,) After each Chllld has secretly recorded his
answer, 'he may push the counters into"any arrangement he
wishes for the next player. ' No child should tell'what his’
count is un’ci\ all have had a turn. Then, members|of a group
should compare and correcﬂ their answers,

= . ous ways of |o(mting a certain number (e.q., 84) by twos,
threes, fives] tens, etc; This will emphasize the method
that is guickest and easiest (tens), if the ch11dren aven't

! | . |
Conclude the lactivity by asking the children to compare vari-
already discovered it, [or example: ¢

84 counters

5,10, 15, 20, 25, 30, 35, 40...80, 81, 82, 83, \
Vs, )
o 0, 20, 30, 40...80, 81, 82, 83, 84- _

| |
| 84
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" PROCEDURE o *

Lesson 14: TOR'S- NUMBER SYSTEM -- BASE FOUR®

This lesson is intended only to help the children achieve a
better understanding of place value. Itis not intended that
they should master the concepts arid ideas of the base-four
numeration system, The purpose of having the children work
with the base-four system, in-which they group by fours, is
to have them comprehend the place-value concept more easﬂy
as it applies to the decimal system, in which. they group by’
tens. ,

MATERIALS . . - &
— picture of Tor on display
- flannel board

— counters for flannel hoard

— Minnebars

~ Worksheets 36 and 37 ' " ;

Activity A . . )

Ask the children to look at the victure of Tor. Ask whether
the children think that the reason we count by tens is‘that
we nave ten fingers, Then see if the children can suggest
what kind of a base for counting (how many numerals) Tor
and his friends on Titan might use. - :

Say that Tor noticed that we write a T for ten, that we have

ten flngers on our hands, .and that we call our number system

a basé-ten numeration system, whereas on Titan, he and his

friends each have a total of only four fingers (2 thumbs +

2 fingers = 4 f{ingers), $0 they use a base-four system, Say

that Tor thinks his new friends on Earth would understand his .

number system best if they tried to use it a little, and he has 0
. suggested some ways for them to do so.

¢ .
- 14 ) * ~
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The photograph shows a child arranging objects on a

present the place values
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bultetin board.

1sed in base 4.
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,Place 123 counters on_the flannel board. Have a )child sepa-
rate the counters into groups or sets of four. (There will be
one left over. 2) ) '

00 00 . 00 .
00 00 ° 00. )

HOW MANY GROUPS OF FOUR ARE THER/Eh? (3.)

. ) _ ) iiQW MANY ONNES ARE LEFT OVER? (I.) ' s
Tor says, "There are three 4's and one |, In base four1 - ‘
would write this number as 31 (pronounced three-one). I
would use the letter F to represent the fours place and ’
write the expanded numeralas 3 F + |.,"

-

Write "3 F + | =.31 (base four)" on thie chalk board.

Explain to the children that Tor uses completely d'if_ferent. *
symbols on Titan to write his base-four numérals, but that .
- you are using the base-ten symbols to write the base-four

- ) numerals, because the children already know these numerals.

- - Tell the children that Tor mentioned that in our base-ten sys-
tem we use the numerals 0, 1, 2, 3, 4,5, 6, 7, 8, and 9,
He wants them to think about how many numerals they . .
' should use in base four and to say what they are. (0, I,
e 2, and 3.) '

YES, TOR SAYS THAT SINCE HE HAS ONLY FOUR FINGERS
ALTOGETHER, HE NEEDS'TO USE ONLY FOUR NUMERALS
. IN HIS BASE-FOUR SYSTEM, THE NUMERAIQARE 0, |,
- 2, AND 3. ?

.

o

Suggest that Tor would like the children to repeat the exam-
ple, this time with || countérs on the flannel board, and
then with 5. Have the cnildren group the |1 counters into’
2F + 3, and the § counters into | F + 1.

Show the steps and notation for each example:
‘ ‘ o . o
5

- 2F 4+ 3 = 23
IF + 1 = 1]

1}

U

Ve




You can also explam thegg e-four system to the children

with this analogy:

/ v * .
WHEN WEW W@RK WITH QUARTSs OF WATER, WE COUNT -
0 QUARTS, | QUART, ;/QUARTS 3.QUARTS; BUT WHEN

WE GET TO FOUR QUARTS,” WE REMEMBER THAT 4 - '

QUARTS EQUAL 1-G LLON. THEREFORE, INSTEAD-OP.
SAYING 4 QUARTS E CAN SAY | GALLON,
lee thls exg_n—l-p—le 1/
/
7 quarts = 4 Guarts + 3 quarts = | gallon + 3 quarts
) /

-~

s

Conclude the a/ctlvuy by havmg the chlldren do Worksheets

36 gnd 37, /

b / , ;
/ . B ‘
Vork 16 °, ‘Worksneet 37 _ ”
:vor ?heet . S Unit Y6 . Name -
nit v N . B ;
Draw a closed curve/around each/set of 4 Write thé Record the nimber of fours (F's) 1n the base-four i
number of fours (F's) and the nufaber of ones left over. nuiferals below. Record the number of ones. Theu
Write the name 1n pc.se 4 thh umerals write the number tn the place-value chatt,
. /\ -0 F's ones
< AS Base four! . Yy
; U - . Numper of fours (F*s) j g
- 33 -1z 2
,Z,‘ ” 2,2, - Number of ones _33
‘A FUsTH A ones = (base four) .
2. /XX X ’ ] - F’s ones
X X) Base four o?,
. Number of fouxs (! ') - \
‘ o1 | al/
[ oo | e 1 - | L
R Number of ones . 1, -
F's + ones = . (base four) P
3. . )( x ) \ v ] . 1 I''s ones
. : Base four . !
>< t . ’ <} Number of fours (I'’s) é l .
. S i 2
' / 0 F's # 3 ones = 3 (base four) 322 Number of-ones 2_ 1 j
4, ‘ *X -
. s I I''s ones
] . i
XX XX Base four ’ ;
. N Number of fours ({'s) __/ :
’ : v 3 = \33 b four) lO [ i // 0
L F's+ =7 ones = £ (base four Number of ones (4
- . . . _ ' [ —

8,"_) . ) . ol

V4




Act1v1*y B o /!

Divide the class in fo pa1rs of ch11dren and give each pair

nine to fifteen | - nit Minnebars and\t ree 4-unit Minnebars,
Ask the children hoglv many | -uhit bars are equal to one
4-unit bar (4) P \ .

Say that Tor has thought of a game the<ch11c}ren can play with
the Mimrnebars., Child A of each pair should start out with
any number of |-unit bars he chooses, but the h mber must
L e between nine and fifteen. Chjild B'sho{lld start out with .

. all three of the 4-unit bars, NoW Child A should ;§(change -

. as many sets of four |>unit bars as he can for 4-unit bars ’
When Child,A.has no more sets of four |-unit bars to e>\hange,
he should write down the. number of-4-unit bars and the nu\ mber
of I -unit bars he has. That record should descnbe what he

has in base four. .- -

- Have two children demonstrate the game. Give Child A
thirteen I'-unit.bars to start with and Child B three-4-unit
bars, When A is through exchangmg sets of fours with B,
he should have three 4-unit bars and one I -unit bar, He
should write down 31. Child B should check A's base-four
numeral-to see that it is correct, Show the process and the
‘notation on the chalk board: . : .

Minnebars

0ooo, oooo, DDDDI 0
OT EEED 0 O

¥

- : _3 F ;o I = 31 (base four)

!

T Now have all the pairs of children_play the game. Tell the

class that the children should reverse the1r roles after they
have written down the result of a game 'and it has been
checked by the other partner. Move about the foom to give
assistance where needed. Remind the childreh to write
down their results in base 4, See that the children change

. the number of |-unit Minnebars for each game, but always
keep it within the limit of 9 to 15 bars.

[y .
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Activity C (Optional)

To show the cfuldren the number of ob]ects represented by
the numeral 21 in base tensand ‘by the same numeral in base
four, use counters, or draw cn the chalk boarql

Set A, 21 (base-10) ~ SetB, 21 (base 4)

N

<

0

oo oo
[en i en B o R e}

Coo0o0o0co0O0 QOO
coocoocooo0o0 0o’

-
»
o

WHICH SET HAS THE ‘GREATEST NUMBER OF MLMBERS"
Tset A; base 10. ) -
WHICH N,UMERAL 21 -- BASE FOUR OR.I'?:ASE TEN --

STANDS FOR THE GREATER NUMBER? (21, base’10.) -
N L]

Repeat the procedure with comparisons of 1% (base 4) and
13 (base 10); 2 (base 4) and 2 (base 10); 12 (base 4) and
. 12 (base 10); 12 (base 4) and 6 (base 10); etc. (The last,
comparison will show the same number of objects -- 6 —-- N
" in each base )




¥

" Lesson 15: TOR'S BASE-FOUR NUMBER LINE

?

4

. This lesson compares base-four numeration with base-ten
numeration by meéns of' a number l_J',:ﬁe.. It also provides ad-
" ditional practice in writing base-four humerals.

.
14

MATERIALS - .
\' — . Worksheets 38 and 39 -
- g S . . T .
PROCEDURE .

Activity A | o R .

Draw a number line on the chalk board, with the numerals G
through 15 labeled in the familiar (base 10) manner.
(-3

& 4 + 3 % 1 5 I : 3 3 1
1 T t

et
, 01 2345 6.7 8 910 12130415

>~
Cdl

Remind the children that in our decimal system of numeration,
when we come to'the numeral ten, we run out of basic numer-

" als (digits) and use a combination of.1 and 0 (1 T+ 0 = 10), .
The position or place of a digit tells its value, If it is at the .
extreme right, the'position tells the number of ones. Ifit is

* : second from the right, it tells the number of tens,.

. Now tell the children that they are-going to help you label the
number lin%': in Tor's system, remembering that Tor c'ar; use only
four.digits (or basic symbols): 0, 1, 2, and 3. Label the first

. four corresponding points above the number line. Point out

that when Tq} 'gets to the ppint corresponding to our numeral

for four, he has alfready run out of basic symbols and must use

a combination of two symbols, namely |"and 0 or 10 (I F+ 0).

. Lahel .10 above our point four, .Say that the one répresents the

number of fours, and the zero the number of ones, Then ask:

' HOWFSHOULD WE LABEL THE.NEXT POINT IN TOR'S BASE-
FOUR SYSTEM -- THE POINT THAT GORRESPONDS TO QUR
: NUMERAL FORFIVE? (I F+ lor Il,)

9. . ]
A a

. - B

f e
]
r
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Write in || abovéthe 5 on the number line, Continue this
process for:" . ® -7 :

| F+2, I1=2F+3,0

6 = or 12 r23

7=1F+3,o0r |3 12=3F+0, or 30

:—8=2P+0.o@_ > 13=3F+ 1|, or 31

9=2F+1,0 ral _ l4=3F+2,or32

‘|0—2F+20_2‘ . I1I5=3F+3, or 33
4

The chalk board number line éhould now show the number line ' -

in base four.and base ten, like this:

Base 4 ) 3|0|l|213202122233*03|3233

1. 2

4o

N

Y
T I t |

—t T
4 56 7 8 9|0|||2|3|4|5

o
(o8]

Base 10

Worksheets 38 and 39 prov1de practlce in wntmg base- four

" numerals. For Worksheet 28, remind the chlldren that they

can always check (or figure out) their answers by finding

out how many fours and how many ones are in the base ~-ten
numerals given below the number line, - J
For Worksheet 39, remind the children that they; canuse .
Workshéet 38 for reference. The children should enjoy
noticing that: .

4
Y 8

]

10, in base four :

]

20, in base four
{2 = 30, in base four, Jetc;
If the children seem to have much difficulty; use the work -

sheets as class.activities. Put no importance at all on their
memonzmg or: mastermg the base-four system.

-

-

If your class is exceptionally bright, you might'like to end the

//-lesson by holding a discussion about other possible bases.

Some children may know base two, where only zero and one

Y
v €

az )
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ERI

H)
PAruntext provided oy enic [N

2 »
¢ -~
- & i ' -
are used ‘Sorite others. ‘may like-to speculate about what kmd
of a base Tor would have used if he had had- 51 or eight fingers,
etc, o ] .
¥ ’ J? : .. 7
Worksheet 38 ) .7 . Worksheet 39 4 .
Unat Iy Name Unit (6 Name ’

.

Label the number lines below with Tcr', numerals.

¢

Write the base 1 numerals above the number lines.

The numbers below the haes are base 10,

O e s

4

Use Worksheet ‘38 *o help you fitl 1n Tor's.counting
numbers in the chart below. Write only numerals
that.are base four (Tor's base).

oe

Y

° 0 I 2 1.3
¢ s
- w o/ A ,’% .
N ] // 30 3Bl . ' SR \ o‘ .
e ST . . . e N
S 100 1 1 13— 20 |2 ez | 23]
: —
. : 30| 30 [ 327] :
L4
S 2 '3 20
S T e et S - 1 _' |
4 5 6 7. 8 ~ g
. ) ’ »
c N ® P .
. / ’ P
\ ; - .
- P -
A .
) +
v . »
. o L4 ¢ ;
/
! -
! ’ ' .
+ «‘ N
¢ . . .
. . , .
< ) i . f L ]
- - ! i .
‘ Neola) @ 83
» . 90 . /
P A4 . o
N : :




You may also wish to a\\sk-' ‘ - ,]'.‘
[ P /
WHAT DO THE BEADé ON THE THIRD COLUMN FROM THﬁ ;.
RIGHT REPRESENT ? (The number of sixteens,) ¥
- » . / oy .
_ . THE BEADS O)\T THE FO RTH COLUMN FROM: THE RIGHT? N “//_ .
' T~ * (The number of sixty- fot,\xrs ). . o SNV

" “ < . ; T i “‘ -" R

N | ' .
. . ‘.yy ' . ’ ) ) L «
e S

Lesson \6 THE BASE-FOUR ABACUS- S ‘ /,/ ’
-ThlS lesson gives the thldren practice in usmg the base-four
abacus, It helps remforce the 1dea of place vaiue/. The
columns of MINNEMAST &baci are removable S hat many
different bases can be represented on it; but for|the purposes.
of this lesson remove.all but three beads from each column,

|
: /
. ;

~— abaci (wit{x.num’ber of beads reduced }o 3 per colurrlni)r ) i [

. N ] N /h'l‘ 3
MATERIALS ' ‘e

AY

= Worksheets 40 and 4}

PROCEDURE S e

Activity A ‘ / 2

Remove all but three beads from each rmg (column) on the / '
abaci. Mentlorr to the class that Tor says this type.of abacus / . |
can be used to v(zork.w‘ith ‘his base=four number system. et

. . \ R o N : .
CAN ANYONE TELL WHAT THE BEADS Ol .HE FIRST . )
COLUMN ON THE RIGH’I' OF THE ABACUS STAND FOR"
.(The number of dnes.),

/‘ -- - . .
WHAT DO THE BEADS ON THE SECOND COLUMN STAND " R
’ - FOR? (The number of fours )

[ 2

.

Label your abacus and have\the children label theirs with a |
at the extreme rlght and an F\ for the next column

\




.-\

N

R ‘. ‘ L .
. Show two beads on the fours column and thr\ee beads on the
ones column Wnte on the chalk bOdI‘d"

!l 2F + 3= 23

- - 4~ (base four) .
v ‘ , )

Alteq the ‘number of beads and ask the chlldren \-o wr:,te sefd—

tences using this notation to describe the base

nu‘h ra,ls on the $halk board and ask the children each to

our numeral

shown on the at‘?«s. Contmue by. writing sevéral base-four

recard these nufterals on the abacus ' R

14
When the.children have had this practice, ask them to co
plete Worksheets 40 and 41. Keep in mind that the childfe
are ‘working entirely in base four here *-- they are .not con=."

»

example) might look as though the agxswer should |be written
15,]it should not, because in base fiour the second column

refdrs to the number Of fours, whlch is 3, &nd th first col-
~umn refers to the number of ones, whlch in this case is also

ve‘rtlng back.to base ten. Therefore, although 3 T + 3 (for '

-

3. |If the worksheets prove too diffitult for 1ndep’endent work

hav the children do them as class, activ1ties B

\ * N Y

’
N <\




’ / Worksheet 40
e

Urat 1o Name
// -
- Write the base fo;zr numeral shown by the beads on
- each,abacus.
rm 28 . ) . *
— ' 3 F + 3 ones :'“\33
1 Q .

Base 1) -

I

3 shes = 3

(Base 1)

Worksheet 41
Unit 1& . " Name

‘ R | .
Draw on the abacus the beads you need to show the
base 4 numerdl,

ACLON ' AN

Base :1

24
’

0 20 | |4l

33 BRI

o ¢
. 1
. , o . . _
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Lessonld: RELATION BETWEEN STRUCTURE AND FUNCTION OF TEETH

In this lesson §1e children study.their teeth and see how the

different shapes\are related.to dlfferent functions, Experi-

ments are performé&d using models tb represent different kinds

of teeth, The childrén then go on to rev1ew*the other parts

of thelr own eatmé\system

Y K
3

MATERIALS o

-- for the class -- ' . . -

— table knifé-of ruler

\ -~ flat 'stone or block of wood- - -
— Plasticene y ‘ -
eow Y ~ -- for each child.--

— pieces of apple, banana, or a few nut meats

- [} .. . * »

— mirroy N - - ~ .

M . m~ -~

Act1v1ty A
Give the children mirrors and have them once again observe
their teeth. Revxew the differences in shape between the
biting teeth and the chewing teeth.

SUPPOSE YOUR FRONT TEETH WERE BROAD AND FIAT
INSTEAD OF HAVING THIN EDGES. WOULD THEY BE

. BETTER FOR BITING OFF PIECES OF FOOD? HCW CAN
WE FIND ouT? ©  ~ , ~

At this point we i'ntroduge the idea of experimenting with a
model. We use a stone and a knife to represent two types of
teeth, to see how the teeth are adapted to do their spec1al ]ob.

IS THERE SOMETHING THAT HAS A THIN EDGE AND SOME—
THING ELSE THAT IS BROAD AND FLAT THAT WE CAN USE ‘
FOR EXPERIMENTING TO SEE WHICH CUTS BETTER? o

You .should be prepared with materials that chil'dren might -
suggest as models, such as a.table knlfe and a flat stonc, h
or a ruler and a block of wood.

9’? V




WHICH OF THESE IS MORE LIKE OUR FRONT TEETH? (The 2
. knife.) - . e

o

IN WHAT WAY IS IT LIKE THE TEETH? (It has a thif, sharp
edge.)

"TOUCH YOUR FRONT TEETH TO FEEL THE EDGE.

Show the children two pieces of Plasticene of the same size,
' . with which they,can.experiment to see which shape is better
. L for cutting. Have one child cut the Plasticene with the knife
. -and the other with the stone. The one who finishes first .
should hold up his two pieces. This ‘will dramatize the dif- !
"feren‘ce in efficiency of the tvvi}g shapes.

k4

PN

WHICH SHAPE IS.BETTER FOR A BITING TOOTH? (The
thin edge.) X

9

" Have the child‘gen‘use their mirrors to look at their biting

_teeth and see how much the edges resemble the edge of the

-knifej o ’ ' ]
YOUR FRONT TEETH BITE. WHAT HAVE YOU SEEN YOUR
BACK TEETH DO? (They squash and grind the food.)

ARE YOUR BAGK TEETH MORE LIKE THE KNIEE IN SHAPE o '
B . OR MORE LIKE THE STONE? - (Like the stone.) - : '

., HOW CAN WE FI‘NDA OuT WHICH SI-‘IAP‘E IS BETTER FOR
SQUASHING I}ND G.RINDING—A KNIFE'OR A STONE? (Try
them.'and see, ) ) o :

Have one child use the edge of the knife and ariother the stone

bn pieces of apple, banana or nuts and show the results to
the class,. ’ '

The following question is es;iecially important because it

. draws attention to the relation between the structure and
function of an organ.

. NOW WHQ CAN.TELL US'HOW THE SHAPE OF TEETH

. HELPS THEM DO THEIR JOB BETTER? (Biting teeth are
.thin, which makes them better for cutting. - Grinding

@




[
-

e >

teeth are flat, which makes then{ better for grinding and

| squashing-food,) . o

| : ) '

- "Activity B, ‘ . . S

B , _ '
‘ . NOW TELL US WHAT OTHER PARTS OF YOUR BODY BESIDES

- ; YOUR TEETH YOU USE WHEN YOU EAT. (Lips, tongue.

Children may also recall using their arms, fingers, finger-
nails, etc.) ’ '

Distribute another piéce“df apple to each of the children so
that they can investigate the part the tongue piays in eating.
Ask them to wait until you give theni the signal to put their
pieces of apple into their mouths. Then they are to take a

} -, bite and start chewing, but they are not to move their tongues
while they chew. After an interval call "Freeze." Tell them
that when you say "Melt," they may use their tongues while
chewing, to see what diffetence the use of the tongue makes
in eating, When they have finished eating, continue the
discussion.

WHAT JOB DOES THE TONGUE DO WHEN WE EAT? (It
pushes food onto the chewing teeth and then it pushes
food to the back of the mouth so that we can swallow it,)

§

A

Have the children use their mirrors égain to observe how the
tongue moves. ' .

; : WHAT PROPERTY. DOES THE TONGUE HAVE THAT ENABLES
IT TO DO ITS WORK? (It bends easily in many directions.)

WHAT DO YOUR LIPS DO TO HELP YOU EAT? (They keep
the food from falling out of your mouth while you chew.)

WHAT PARTS OF YOUR BODY DID YOU DISCOVER TO BE IN
YOUR SYSTEM FOR 'EATING? (Arms, hands, fingers, fin-
gernails, biting teeth, chewing teeth, tongue, lips.)

! Provide an opportunity for children to inctude other parts of : T
the body in the eating system. Each child who does so should '
be asked to explain what function the part has., For example,
someone might mention the eyes because they see the food,

, or the throat which is involved in swallowing.




. .
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3 In a.living organism it is obviously not possible for-the chil- .
‘ ' e dren to test the necessity of different components of a system
by removing them one at a.time and observing whether the -
system still functions. To help them visualize the role of an
individual part, the following story describes the difficulties -
a cat had when it lost the use of its tengue through an injury..

Lesson 15: THE STORY OF PINTA - ’

-

r . -
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Pinta was a lovabie, fat, little kitten when Fran'ii got her for a
birthday present. She had bright green (eye.;, that were big and roﬁn'd.
Her fur wés jet black, except for‘her four snow-—wh{te feet and two
A .white patches —= one- over her left eye and one at the tip of her fuzzy

tail, Fram;k thought she was the prettxest kztten in the world

Pmta was very playful.. She esoe01ally loved to play “catch

the mouse" with Frank. She might be curl%d up-and purring, or wash-

ing her face with one whité paw, or licking her soft, round belly to .
kees it clean, but whenever Frank said, "Catch the niouse, Pinta’, "

she would stop whatever she was doing.

»

r
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. _ Frank wor . dr:ag a &tring, with & piece of paper tiéd to the end

across the floor in front of her., Pinta's muscles woulﬁ bunch up as - -

she got ready to poance at the paper. She would crouch low on the

‘ . gréund -and the white t1p of her tail would tw1tch slowly., Her xound

green eyes Would get narrow® and f1erce She w'ould sneak slowly

- along, followmg the paper Frank was pulhng. Then suddenly she
WOuld sprmg, catch the paper w1th sharp claws b1te 1t with her
pomtec teeth and roll over, and over on the floor. After pretendmg

. .t:o eat the "mouse, " she wouR;l wash herself thl'.)‘h‘er ‘Iong, pmk

X tongue as she always did after eat1ng~real food )
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So that is what Frank did. H“e and the’ medxcme dropper were

v ~- very 1mportant parts of Pinta's eating system for the next-week

T . Pinta dxd not llke being held on her back -and feéi with the drop-
per.” Poor Pmt,a' .Even though she did not have to move her burnt
_ tongue to lap the milk, it still hurt her to swallow. For a faw days,

eating- wis very ctifficult.

I " K]
Lo

Pinta had another difficulty too. She could not use her-tongue
. to wash herself, and She began to look very shabby She cpuld not

keep her coat glossy and clean w1thout her tongue. She~was-hot at .

'

i all a happy kitten after her acmdent ) ‘ -

s 4 .
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There was a g’iame that Pinta often played when there was. no.one
to stop her. It was like chasing the string, but it was ver{z dangerous.,
Near Frank's bed a small lamp was connected to an, electrrcal outlet,

" The lamp's electrlc cord hung down in 3 loop, justlike the loop of
string in t’“xe catch the’ mouse" _game. Pinta would tap the cord with
one white paw to make it swmg, and then she would _pounce on the. ,

; swinging eleciric cord and bite it. 7. \ - ‘ “

- - 1]
9 . b » .

‘Gne day an\awful thing happeaed Prnta pounced on the w1re

-

and bit rrght throug}\the covcnng JAnd everyone knows how danger—
»ous an electric cord is when the cooverlng Ag gone, - Pigta let out a

terrible yowl! . v . Y @
3 - . : -

. - L, \
Frank came running when he heard Pinta. Frank's mothersand .

father came running, too. Hls father qumly pulled the plug out

[ 54 ¥
. o«

of the electrleal outlet' When ..he electrlcrty was disconnected they

\could pick’ Pmta up. " They knew how badly Pinta must have burned
her tongue "‘hey called.the vc‘tennarlan to tell h1m what had happened
. ,"*Pmta has burned her tongue," Frank told the veterrnarran "How

will she eat now? She heeds her tongue to lap up her_ milk." ..

. "You will have to try to feed’her witha’medicine dro‘pper, " :

the vetehnanan sa1d
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So that is what Frank did. He and the med;cine dropper w’eré

very importaht parts of Pinta's eating system for the next week,

.

) Pmta d1d not llke being hgld on her back -and feg with thé drop-

per.” Poor Pmta' .Even though she did not have, to move her burnt

_tongue to La{) the milk, it still hurt her to swallow. For a faw days,

eating wis very difficult. '
R ) ’ - Y e
% N

Pinta had another difficulty too. She could not use her-tongue

to wash herself, and she began to look very shabby ‘She could not

}'eep her coat glossy and clean w1thout her tongue. She~was-not at

all a happy kitten after her acmdent

0y
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T But one day when. Frank was feeding her, she pushed away t v

the medrcme dropper arrd struggled out »f his arms She walked .
) over to the glass of milk from wh1ch Frarik had ‘been flllmg the drop-
é&ﬁ- She poked her small black nose 1nto the glass. Carefully - ‘
" and slowly, her pink tongue came out, reachmg down toward the
milk. Lap. The tongue dlsappeared into her mouth, Lap—lap._
Then Pinta was lappmg the mllk as fast as she’ could Her tongue

was well; she could use her own system for eat1ng again! She S

was so hungry that she ate for a long time without stoppmg. o : v oo

¢ Pinta keeps away from electric wires now. She knows how

dangeroug they can be, and 'so, does Frank. And Frank knows how: -

- important a tongue is‘for a cat.
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.In the course of the dlSCLlSSlOI‘l following the story, raise
‘these questlons T R .- - -

. Y b " . 5
‘

. Co : PINTA'S TONGUE WAS PART OF HER EATING SYSTEM. i
- - WHAT WERE SOME OTHER PAR‘I‘S’ OF THAT SYSTEM? (Lips,
" - - teeth, ‘Some child may correctly say that Frank and the o ‘
: medicine dropper were part of the system-after her injury.
The children might also noté that the parts of her body that
. ..she used to play "catch the mouse were also components of
U s - - her eatn’?g sys’tem S 7

R

WHAT ELSE DID PINTA USE HER TONGUE FOR, BBSIDES
-BATING” (For washmg herself.)
' WHAT WOULD HAPPEN TO A SQUIRREL IF HB LOST THE™
USE OF HIS TEETH? ‘EXPLAIN WHY. (He would die, be—
cause the teeth play an mdlspensable role in his eating.
v . ’ . He must be able to crack nuts, gnaw through twigs, eté.)

-

o N > - ~
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Lesson|6: INVESTIGATING EATING SYSTEMS OF OTHER ANIMALS T -
In the first part of th1s lesson skulls of several animals w1ll
be studied. A, set of skulls may be borrowed from your local
museum, You will want skulls of an ahimal. that eats only
plants (e g., cow, deer); .of oné that eats chlefly flesh (e.g.:, -
bobcat, fox, dog); and of one that has large gnawing teeth
.(e.g., beaver,. squlrrel) In.case it proves impossible to ob-
tain the skulls, we prov;de some photographs. But*work with
" the photographs cannot” ‘compare with the actual-éxperience-of
seeing and feehng the real teeth, so every effort should be ) S
 made to get the”§Kulls for this les\son ' )

After the children‘-ha-ve.studied.the differences in skull.and

_ teeth structures ,.they are shown the.film, Animals -- Ways

~ ' They Eat. In this the children can. ctually see an an1ma1 S
system at work as far as is poss1ble in a film. - -

B

-In the last act1V1ty in this lesson, the children summarize
their-experiences with, ‘eating systems by studying drawi
of several ahimals and colonng those-p rts of the-bodies
that they cnnmder to be components of the animals' eatmg )

© gystems., - ° - )

" MATERIALS e T T

‘¢ " .=z for the class -~

~ skulls as described above, of bhotos of skulls

— achisel
r?

- a piece of soft wood, such as pine

. Anlmals —-— Ways They Eat, Encyclopedia Br1tann1ca
-Filmss, =16 mm, sdund, Il min., . {

<

. == for each cnild - ,

.~ —. - mirror

- photographs of skulls (in Studeﬁnt Manuail)

LR 43

T draw1ngs of an1mals (in Studem.»Manual)
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Act1v1ty A Lo . Y
SUPPOSE YOU HAD TO BITE THE BARK OFF A TREB OR .
CHEW THROUGH A LOG. WHAT KIND OF FRONT TEETH
WOQULD YOU NEED? (Large, strong, sharp teeth.) .
- WHIGH- ANIMAL BITES BARK OFF TREES AND OFTEN CEKEWS
\I‘IROUGH THICK BRANCHES" (The beaver., ) - ..

\ \ -
DOES THE BEAVER\HAﬁ FRONT TEETH THAT ARE LARGE <
STRONG AND SHARP” (Yes-a- ~ ’
_In the dlscussmn followmg this question, lead- childfen to
- .distinguish between somethiig ey ‘themselves have actually
seen and what they Have onl, reid about, heard about, or T )
inferred. Most, children"will answet "Yes" to the quest1on. \
Your response to this s,hould be=such questmns as "How do
you know? HOW close were you_to fhp;hpav@p_w.hna.yea_saw——
" his teeth? .Suppgse someone wanted to see and feel the teeth
of a beaver... How could he- do it- W1thout danger of beéing =
‘bitten?" Explain that when a beaver dies, the teeth remain
-~ imits skull, If you could get the skull of @ beaver you .uld
( "have a good look Qt its teeth without the.danger-of being bit-
ten. Then nresent the skull to the class; .If you must depend
- onthe photograph have the children. study’it on page 25 0of - v
their Student Manuals whlle “you dlsplay the one ;afﬁpplled to

.}ﬂ




~ +ERE IS A BEAVER SKULL. WE CAN HAVE A GOOD LOOK - -
. AT ITS TEETH. . ST

. -

Take the skull around to the children. Permit t/?lem not only to
see the teeth at close range, but to feel the sharp edges of
the biting teeth. If you are working with photographs, en-
courageé the chlldren to imagine how the teeth .would feel.

HOW MANY .LARGE BITING TEEI‘H DOES THE ANIMAL HAVE‘?
-(Four )

o
t

WHAT PROPERTIES DO THESE TEETH HAVE? (They are
la;rger than the other teeth, [hey are curved. They

" have sharp edges. * They are thickest near the bone
and are thinner-toward the b1t1ng edge. ) T

’4

I

©,

- teeth do. . . A . \ LT

If pUbblUle snow a chisel for companson and demonstrate

.what a. chlsel does to wood

. WHAT OTHER KINDS OF TEETH DOES THE ANIMAL HAVE?

(Do not try for spe01f1c' answers. * The purposge of this

¢ estlon is to encourage the children to observe d}ffer—

ences among the teeth.) . - -
g )

L.

,W“,.

— 3,
HOW MANY BAQIQ TEETH- DOES‘“IT\HA\LE'? (It is. d1ff1cult tg‘ﬁi
- tell from the photograph how many of these™ teeth\the bea-*
" ver hgs.» There are sixtéen—eight uppers; four on eac
side; and eight lowers fo’:lr on éach side.)

. e - ACHEI

AR}E THESE TEETH SYMMETRICALLY- ARRANGED? (Yes. If
you are usmg a skull, have a child do the m1rror test if

" poss;ble ) e

<

WHAT‘ARE SOME OF THE PROPERTIES OF THESE TEETH'? :
" (The teeth are véry hard, The1r s1des are smooth but
ythelr grmdmg surfaces are rough )

Let the ch11dren run-their fingers across the grinding surfaces
and discuss_how the hard edges are related to the Job these

”
-

.‘LET US COMPARE THE ANITIAL'S TEETH‘ WITH HUMAN ‘
TEETH :

~




>,
1%

) resemblances and dlfferences

Have the dnldren use mlrroi‘s to examine their own teeth for
comparison with the skull or with photographs As~§ about

Next show the skull or photographs’ of a meat—eatmé a}llmal
(bobcat, fox, dog), but do not identify the. animal immediately. - -
(These appear on pages 26-27 of the Student Manual )

Skull o.t a Bobhcat \ - Skufl"b! a Bc;bcat

LET'S LOOK AT THE %EETH ‘OF A DIFFERENT ANIMAL., Hold
up the skull if you have one, and add; I AM :OING TO
"BRING IT-AROUND, YOU CAN NOT ONLY GBSERVE ITS }

TEETH, BUT YOU, CAN PUT YOUR FINGER INTO ITS, MOUTH ,
AND FEEL THE TEETH

s

. WHICH ARE THE LARGEST TEETH"
point to the teeth, :

- Have the ¢hildren

"

HOW MANY OF THESE LONG TEETH DO YOU SEE? (Usually.
four.) ! "
v s oo
WHAT /DO YOU THINK THESE TEETH DO? ;
. LT ~ 1
« 117 e
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Here is an opportumty for the children to’ speculate and 1nfer.
If they say, "The teéth are for biting," ask, "If the teeth are #
- for b1t1ng off a piece of food, .shouldn't fhey be shaped like

the b1t1ng teeth of a beaver or like our own hiting ‘teeth?. . Are

they?" Have the chlldre'x look and see that these teeth are

not like our biting teeth. “Then what can they be for?" If

no one answers, your next- h1nt will ehcrt the answer,

I

I AM PLACING MY I‘INGERS BEHIND THESE LONG CURVEDV
TEETH. (1f you are using photos .+ substitute: IMAGINE -
PLACING YOUR FINGERS BEHIND THESE FOUR LARGE .
TEETH.)" - e e e

—s —.M*—v"—‘—""" A
e P

: IMAGINE MY FINGERS O BE A LIVE MOUSE OR A LIVE BIRD
. JUST CAUGHT BY THIS ANIMAL. WHAT JOB'DO YOU SEE .
© THE BIG TEETH DOING? (They prevent ‘the mouse or bird
from escaping.) . . : )

THIS IS A SKULL OF A (name th® animal). HOW-DO vOU
- SUPPOSE THIS MEAT-EATER GETS ITS FOOD? (it probably.
.catches animals.) ' SN

~ N e :

LOO}\ AT THESE TWO LARGE TEETH*AGAIN. WHAT PROPER- .
TiES HELP THEM HANG ON TO THE ANIMALS THE MEAT-

EATER CATCHES" (They are long and curved to hold in a

small animal. They are pointed and can stick into an ani-

mal that is larger than tlie mouth. They are big and strong ‘

so that even a strong ammal c¢anhot escapc )

"LET'S LOOK AT THEM AGAIN AND- FEEL THEM. WHAT PROP-
ERTIES DO THE BACK TEETH HAVE? (The teeth are hard and
pointed." They aré white They are shiny.) . (

>

-

WHY DO YOU SUPPOSE THESE BACK TEETH ARE DIFFERENT
IN SHAPE FROM THE BACK TEETH OF ‘A GNAWING ANIMAT
OR FROM OUR BACK TEETH? {They have a different job
to do.) | . .

\ ‘WHAT DO YOU THINI\ THEIR ]OB IS? (Their job is to tear
faw meat. ) . ) : ‘

.

-HOW DO THE FRONT TEETH OF A MEAT- 'EATER RESEMBLE
HUMAN TEETH"

- “

LN .
- o« '. *
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Have the cl*uldren make a dlrect companson usmg skulls

. . photographs”and mirrors to note that in each the front teeth
are chisel- shaped

. .
n . . NS - N 5 LR

1 .

i . oo WHAT DO YOU THIN}\ THE,JOB OF THE FRONT’ TEETH IS"
K . - (To bite off pleces of food.)

‘ . ’ »

o

~

WI-IAT ARE THE DIFFERENT WAYS WE HAVE SEEN THAT

TEETH ARE USED" (\anawmg grmdmg,, cuttmg, tearmg )
LOOKING AT THE KINDS OF TEETH THIS ANIMAL HAS, WHAT
DO YOU THINK IT DOES TO ITS- FOOD" (It tears and cuts it.)

e e . - ®
.V A ] IS . t, -

- o °Nov:/ dlsplay the skull or Dhotographs of the plant-eatmg ani-
¢ e mal. (These appear ori ‘pages 28-29 of the Student Manual.)

— . . . [N
[’ e Skull of a White-tatled Dcet b L . - Skull of a V‘{hlte-!allcd Deer . ’

LET US LOOK AT THE I.'EETH OF STILL ANOTHER ANIMAL

"THIS IS,A SKULL OF A (covy, deer, moose). WHERE ARE
MOST OF ITS TEETH—IN THE -FRONT OF ITS MOUTH OR
IN THE BAGK" (In the back:)

e
4

L

ARE THE BACK TEETH SHADFD LIKE CUTI‘ING TEETH OR LIKE\ .
.t ’ TEETH THAT GRIND AND CRUSH FOOD? (lee grinding
A teeth )
_ HOW MANY BITING TEETH DOES, THE PLANT-EATER HAVE .
IN THE.-U?PER PART OF ITS MOUTH? (Nong.)

o

-
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b ey

-~ - of d1fferent kinds are adapted to get and eat their foods

.

I\f WHAT DIRECTION DO THE LOWER BITING TEETH POINT?
- ' (THey point forward.) .

SINCE THE PLANT~EATER DOESN'T HAVE ANY ¥PPER BITING
TEETH, HOW DO YOU SUPPOSE IT BITES AND TEARS ITS
FOOD" ’

Encourage speculation especxally on the use of the tongue
in conjunction with front lower teeth, Point out to the chil- -
R dren that these are only speculations and that to find out the ~
answers they should actually observe the animals as they
eat, This is possible with a film. :
. . \.’ ' .

2

Activity B .

Ammals — Ways They Eat shows the many ways that animals

Many kinds of animals, living in different habitats and eat-

- ing various kinds of foods, are shown. A number of close~up
scenes show the various body parts that are used by animals
to get and to eat their food. ‘

« After the children have seen the film, have.them describe the .

eating system of some of the animals. > %
. 7
Activity*C - ) BN ¢
Workshee;s 1= 4 show pictures of a number of an1mals

The children are to.color only those parts of.each animal that
are components of its: eating: system Have the class work
together on the first animal, the elephant, Ask which parts

are involved and have the class color each as itis mén- . ' D

tioned, Have the children continue with the other pictures
‘mdependently, and then rev1ew and compare the werksheets

after completion.” If-a child has colered an unusual part
"have him explain why he con51ders it to be part of the ani-
. mal‘s eatlng system, ' .

There may be some dlsagreement with respect to some part "

.a child may say is part of the system, If he'can establish.
some relation with eating, however remote, he is to be con-
sidered correct, '
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i_:t ‘ C . A B'ULg—LIGHTING S?(STE‘M (Lesson 17) ’ . . ’
e ' : ) . . . ) : . o . ) .
PURPOSE ~n - Lo

— .To start with a set of objects and to use them i. devising
' a system, - C
i - To determine ‘the conditions neczssary to a bulb~ hghtmg
N - system, . : .
. . . ) Kl ' u-« : 3
) ~ To develop an expenmental method for cla551fy1ng ob‘)ects
according to whether or not they can serve as connectors

o T : in a- bulb -lighting system. N : ) R
_ COMMENTARY . ' ’ CoL Lo
. i -l . - «% ) ) - - ’
!: . . .. . . I, - . : .
: In most of 'the previous sections of thi’ unit the children were

p dented with phendmena which they investigated-to determine '
t the essential components of 'the systems were. In this
seotlon they are gwen an assortment of objects from-which.
they are to choose\a suBset that can serve as thé components '
’ of a.system that they themselves devise. (The lesson is built
around &bulb’" %lighting system, but the children are likely to
%dewse othef mterestmg systems aswell,) . -.

. This section can help you evaluateﬁtt’le children's grasp of t_hé'

Ly - e basic ideas of the whole unit, Do the children describe their

) « T - systems in terms of the interrelation of the par¥s and in terms

' ’ of an analysis of the phenomena?: In cla::snfyixg their ob-
jects, do they spec1f1cally test each one to see'if it Wlll work

A

o ) . as a connector in the bull-lighting’ system? .
Y e -~
In any circuit for'lighting the bulb, the basic requirement N
is that there be some continugus metal connection between
. one end of the flashlight cell and the metal tip of the bulb,

. - and between the other end bf the cellymd the threaded portion
oo - of the bulb, Of course, you will not point this out to the chil
‘ ‘dren., Let them:di‘scc}ver as much. as they can for t_hemsel,ves.
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“ jil‘hree Simple
Systems )

-

.If a few children discover that the clothesline will close the
circuit suceessfully, make sure that they realize that there »
is a wire th‘rough the center, and that the wire has to make -°
contact at both ends in order to close the circuit, Let them

-demonstrate this to the.class. y

-1

B .

Limit the discussion during this lesson to the systems$ and to
what objects will or will not woerk in them. Do not get in-

* 7 volved in any attempt to explain why or how the systems work.

o LEven the moEt elementary explanation of electrical effects js

X too mvolved for eatly grades

-t

MA'l‘ERIALS N ‘

. - for each group of four children ==

§ *
e .

a tray or box containing four of each of the followlng items: -,
- flashlight cell -~ I 5 volt )

'.- flashhght' bulb -~ 2 25 volt (all four in a soufflé cup)
- ‘rubber band’

— #20 spikes,, . e
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— masking tape, 6 in, strips pléced on waxed paper

- string \\

short lenéths (approximately 6 in,) of the following .

x : - .fine-, bare copper wire -
— soda straw | ' ¢ .
— fine plasti¢ tubing : RIS

. . MR . . « R
— insulated wire with insulation removed from I/2 in’, at each end

- pla_stin clothesline (wire-centered)

v — paper strip Z /2 m w1de -
— magnetic tape ’
— ribbon ) Lo
- > PROCEDURE - ' Coaes o -
fRo @' [ ‘

—- é/
: Activity A ‘
é . . Provide each group of four childrén with a tray.or box of the
) materials listed above, Tell the children that each one is
\ . to choose a subset of three objects from the set of objects
. in his group‘s box,* He is not to choose more than one of
\ each kind of object for his subset; each subset should be
o made up-of three different objects. , ¥ a
N _
Have 'the children experiment with the objects’they have
. chosen to see if they can discower-a way to make somethmg
intergsting happen, Allow adequate‘time for all to experiment,
- If children have problems in handling the various plec‘:;%;f\
: equipment, let'two work together or suggest that somé mas
! : ing tape may be useful in malging firm connections.

~

k=

£~k the children to show some of the things they have dig~
.covered. One may have made a pendulum, anothér may have
produced a sound by plucking a rubber band, etc. You should
have allowed the experimentation period to continue until
several children have devised systems in which a bulb is lit.

If no one in your class has found a way to llght the bulb,-4d1recf

them toward this problem as follows e T -
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WHICH OB]’EC:I'S‘.DO YOU THINK ARE NECESSARYQF,OR
LIGHTING THE BULB? (Bulb, dry cell, wire W)

Children who did nct select these three objects to work with
should feel free to exchange thosethey did choose, If a child
is having’difficulty with the three objects, give a little more _
direction:

-

4

IF YOU TOUCH THE BULB TO ONE END OF THE CELL, HOW . -
CAN YOU ALSO CONNECT IT TO THE OTHER END? -

When all the children have devised a system in which their ]
bulbs are lit, pose a new problem and give them time to work on it.
CAN YOU TAKE THE OBJECTS THAT ARE PART OF YOUR
BULB-LIGHTING SYSTEM, ARRANGE THEM IN A DIFFERENT
WAY, AND STILL GET THE BULB TO LIGHT?

Activity B

Activity C o ’

Have each group classify all the objects in the box into two

subsets according to whether or not they can be used as part

of a bulb-lighting system. The children should plan their

own experimental miethods for determining how to classify the

‘objects, It is to be hoped that’they will tes? each object in

an orderly way. If a child notes that his classification can

also be defined in terms of metal and non-metal, compliment

him but do.not attempt to guide the class to this interpretation, Lot

rS

As another activity for small groukd have the chlldren attempt

to develop more complex arrangements of objects as bulb-

lighting systems. (Some children may want to do this during '

their free time.) Such systems can be shown to the class, or

if taped together; left on display. .(Be sure that the systems.—. -~ -~"""
on display are disconnected when not in usé;—to prévent the

energy of the cells froM,emg_—us’e’d’ﬁ?)
/ .

. o
Some child may discover that it is possible to design a sys-
tem in which more than one bulb-is lit, If several cells are

included in one circuit it is possible that a bulb will be burned
out, but otherwise there is no danger in any system wh1ch can
be devised from the materials supphed




