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o INTRODUCTIO N,
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In the fiyst two sections of the unit, the children set up a
computer to work addition and subtraction problems. These

problems .can be written in several ways: .
I. horizontally . 25+ 71
2, wvertically ' 25 _
A L
© 3. in T notation = 2Tl + 5TO
"+ 771 + 1T0 :

Regardless of the form of the problem, the same rules are
followed. We add or subtract the numbers in each place

(5+ 1 and 2+ 7) to get the sum or difference. Though most
people prefer to write addition.and subtraction problems
~vertically -and to work from right to left, this need not be
done. No matter how the problem is set up, we still follow
the rule that the numbers in each place must be added or
subtracted to find the dnswer,

In Section l'algorithms (rules) for addition are developed with -
heavy emphasis on the place value system, The children
review T notation for expressing place value. In T notation
the number 385 would be rewritten as 3T2 + 8Tl + 5TO, Since

T stands for 10, the ten's place is called T! because the
elements have been grouped by ten just once. The one's

place is called T0 because no groups of ten have been made

in this pla ce, and the hundred's place is called T2 because

we have grouped by tens twice. Each place.is ten times as
great as the one to its richt (T0 =1, TV = 1070 or 10, o
T2 = 10T! or 100), Fist the childfen do addition using a .
T-piece compiter. The: they add using numerals in their
computer, Finally the vertical form tor addition is developed

from an addition: chart }g,hich represents the computer,

e

fob g

»

»
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viii




_sion of subtracting with a\computer, -then achart and nnally ' -

‘Besides learning different measurement units , the children

. Section 4 is made up of two job booklets which the? children

»

N LI
Section 2 develops the subtractlon algorithm, again with -
emphasis on place ~value: : The children set up a computer

‘and work subtraction prob ems with T notation. The progres- N
in the standard vertical foym is similar to the format and S
procedures for addltlon in Section e i . °

Section 3 involves measure ent systems of length, volume
and time duration. These syjstems will contrast the place
{alue of the base-ten numeration system the children worked
with in Sections | and 2. The children will see that measure-
ment units for length and time duration are not regular, That
is, there are 12 inches in one foot but only three fe'et'in one
vard and there are 60 minutes in one hour and 24 hours in one
day. For volume measures the children set up a ‘base=two
computer and find that these units are regular: ‘two pints
equal one quart, two quarts equal one hali-gallon, etc.

2

should. compare the different place values of measurement
systems to the ..:ase-ten numeration system. ’

‘.
will ‘complete independently. ‘One of the booklets is a
pouripg,system and the. other presents a balancé peam systém,
By pouring water from gne measured tube into ancther or
balancing a meter stick, the children generate. ordered pairs.
They graph these pairs and use them to predict nfew states of
their syStems., The booklets are designed to be[self-instruc~
tional with a minimal amount of help from you.

Each booklet should be completed in one week.

. * . . . :
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' NOTES ON TEACHING-THIS UNIT | S o

ta

" This uﬁit?tb‘be%aught concurrently with Unit 23 Conditions
JAffecting Life, starting one week after Unit 23, Sections I
o ‘ - throuyh 3 should be taught for appréximately®30 minutes each
- ( day for four weeks. The Job Booklets of Section 4 will take ,
.- . two weeks to complete. For the first week, half ‘of the class o
-completes the Pouring System Booklet while the ot\her half
. completes the Balance Beam System Booklet. During the
A second week each group of children complétes the other X
booklet

p——

o , . L - For Lesson 12 of Section 3, you or the children must provide
) one half-gallon container and one gallon container. Milk
- cartons or plastic pitchers work well
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=~ ADDITION

PURPQSE ». . »

C - To develop an understandmg of and faclhty 4in USmg
. .place value (T notatlon) . . o

-

-.To mtroduce and provide practice with the add1t10n
algorithm.

— To prévide game situations for enjoyable practice with
bas;c addition facts and the addition algorithm. T

<

COMMBNTARY' S S

*

In Lessons l and 2 a classfoom computer is set up usmg Chil-
dren as components ., Each desk represents one place in‘the f
place valué system. The children develop rules which tell 7

the computer how to add using T p1eces -It does so by :

n physmally combmmg pieces wh1ch represent the number of ;‘
.elements in each place. The rule of combining.the elements!
in each plage is always followed, though the form for writing
. add1t10n problems changes as the section progresses.

- ge

JAn algor1thm for regrouping is developed in Lesson 2. The
children learn that they must trade 10 piéces for | of the next’
e, larger p;e,ces. For example, 10 T0 pieces are traded for | T%
.t piece, When the computer adds a proklém such as 9 + 8, the
T0 place will receive first 9 TO pieces and then 8 T0 pleces.
,The child at that place trades 10 of his 17 T pieces, for | !
. piece. He'then gives the |T! piece to-the child af the next
Hdesk ‘the p! place, and keeps the 7 79 pieces at the- 0 place.~

In Lesson 3 the children explore the place yalue system further

° o . by makihg representations of the T3 and T4 places. - They tape

ol _ together 10 T2 pieces to make a T3 piece and then 0. T3 pieces
’ .to make aTdy pieca, T-he idea that the place value system goes
on ahd on 1s developed. ’

+
& ) “
. -

In Lesson 4 the Tules for the T—pieces computer are ‘'modified

. sg that nu’meral& wrltten orf slips of paper are accepted by the
. ' computer and added mentally by the children who are computer
R components. When the problem 9 + 8 is added with the numeral -

e
-
-

o2

. .
- - LN
t 3 1 - . s
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computer, the child at the T0 place will receive a slip of
paper marked 9TY and another marked 8T

mentally and fills out one slip for each place value repre- -
sented in the sum,

iT! + 770,

N

x

He adds these’
That is, the sum 17 is rewritten as
He passes the ITI slip to the Tl place. Though
the form of regrouping has changed, first using T pieces and
then using numeral slips., the rule that 10 elements are
grouped and passed to the next larger place remains.
the numeral compute

When the children are familiar with the addition process using
¢

-

[d

the vertical form for adding is developed
In Lesson 4 a chart is) drawn on the chalkboard which represents
each place in theé computer. The children add a problem using
the computer while you add it using the chart. You stress the
'

°

fact that the place value addition is the same using both methods
In Lesson §, lines are removed froni the chart until only the
vertical form for writing addition problems remains.

Gluldren to practice the basic addition. facts.

Games in Lessons 3 and 6 provide an enjoyable way for the
drerr become proflclent

These games
almost every day throughout thé yeéar.

can be madified to inéludé€ more difficult problems as the chil-
a few mmutes to play,.one or more of them should be used

Since most of the games requlre only

*,
i

&
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» - Lesson I: ,THE"'I‘—P._IEC/ES COMPUTER | S

This lesson ?eéins a review of addition and place value using
the. T notation approach that the children worked with i Unit
- 20, You may find that they need to regain.familiarity with this
o 'system.c For this reason material from second grade has been
included in the aétiviues_. Those children who do not recall
T notation will have, cbrisiderébl’g experience with it in the .-
, 7 first few lessons. Be sure to use T notation language your-
self but do riot deriand that’the children use it exclusively,

LA !
P

The childreh make E{xeir own classréom computer in which_they
serve as componénts, A set of rules is devised that tells the.
computer how tqQ add numbers and respond with the sum, The
, operation of the c?mputet stresses place value and provides -
N prac\ti\c\e using th7 addition facts, - o

The time allowed for 'this-lesson is.two days, If the children .

remember T notation from the-Second grade; Activity A should :

go very quickly éha\y“o‘w sould start Activity B on the same day, ‘ .

- - lf‘'meny children in your class do not understand T notation, .

.. spehd the first day on Activity A only. . The rate of progress R

. L ~ through these first three Jessons will depend on the abilities of )

U o the children, Feel free to speed up the introduction to the com- X
~. puter in Activity B if you think the children understand the pro- . - . *

' " cedure, ‘ & RSN - C

MATERIALS

‘ N .
® . 2 »

~ 3 large sheets of paper, one eéch_labeled TJO, ! , T 2

- max:king .pen . . SR o ., .
- ;naskir‘lg‘ tape H e | : s
| -7 "= set of T pleces made from 5 cdpies"q,f Sheet A énd | copy )
/Q . of'Sheet B (available from MINNEMAST) .~ . ¢ T
e ~ abacus '(o.pt‘i‘onail) | e ‘ | : G
3 ) ’ -- fqr each.child - IO '

b

~ sheet of paper
— Worksheets | -_3
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‘PREPARATION. . \ //' _ , -
- Make a set of T pieces by cutting up five copies of SheetA ,
. and one copy of Sheet B. ,You should now have one set of T
_pieces, containing 10 T2 pieces, 18 Tl pieces and 20 70
pieces. _(Full-size copies ‘of Sheets A and B can be found in
the Appendix.,) Labgl three large sheets of paper 70, 7!, and.
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: S " Activity A

¢ . .

s . Read. the story, "The Amazing Machine" to the-class. The .
L - X story is on page 7. . T oo
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'THE AMAZING MACHINE

Freddy was shopping at the supermarket He found all the
| things on his mother’s list and wheeled his cart up to the check-
out counter, It was fun to watch the clerk add up his purchases

on the cash register, The machine showed a total of $3.86,

‘ Freddy gave the clerk the five-dollar bill his mother had given
"him. With a clatter and a clang the machine registered the\
mount of change Freddy was to receive -~ §[, 14, Pourteen cents
came sliding down a little chute. for him to pick up, and the clerk"

gave him a dollar bill He put all tie money in his pocket and
took his. bag of groceries out throug the door that opened by it-

*

self when. he came to it - & -

- »

# All the way home Freddy thought about the machine. It
gave the right answer every time. How did it do it? How did it

knb\;v when 'to add and‘when to: subtract? Freddy WOndered why

it never multiplied”the numbers when the clerk pushed the buttons,

And why did it always send’ Just the right coins. down the chute®
Freddy couldn't wait to ask someone how machines like the cash
register‘W"rk T

- - -

*




Ask the children if they have ever watched a machine that
computed for us, like the cash register, and wondered how
it worked

WHAT OTHER MACHINES CAN YOU THINK OF THAT
. COMPUTE FOR US AS CASH REGISTERS DO? (Adding
‘ machines, odometers, pedometers, abaci, computers.
Do not expect the children to use these words. )

You might : nention that the addition slide rule used in Unit 13

is a kind o¢ computer.

T torkahest 1 Name.
Wit 24
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Have the children turn
to Worksheet |, Discuss -
the machines with them
and explain.that numbers
.are pdt in each machine
and answers come out,,
Clarify the fact that
machinés do only what

" they are instructed to do.
They can only follow the
rules someone has made
for them, Tellthe class
that you have a plan to
make a computer right in
the classtoom but you
Will need everyone!s help
to do it,

A

With masking tape, ‘tape the T signs to the chalkboard in

i . this order. “

2
T

T

T

0

&

4

* (Save these labels for Activity B.) .
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.Ask the children what T0, T!, and T2 represent. If your
class does not remember that these are names for the ories,

" tens and hundreds places, you may want to use the followmg
review. If the review is not necessary, go on'to Activity B.

Hold up a T0 piece O and a T! piece MTITITIIO .

‘HOW MANY OF THESE PIECES (T0) DOES IT TAKE TO MAKE
THIS PIECE (T1)? (10.) ]
Holdmg the T! piece, count with the class the 10 T0 sections
S marked on it Then hold up the T! and T2
" piecés and ask

’

‘ _ HOW MANY OF THESE PIECES (Tl) DOES IT TAKE TO MAKE N
- . THIS PIECE (T2)? (10.)

/
Count the 10. Tl+strips with the class. Explain that becduse
it takes 10 small pieces to make a long piece and it takes
10 of those strips to make the next sized piece, we say we
are "grouping by tensi"

L ]

Hold up the approprlate pieces agam during the following U
discussion. e o
-y '. \w" . )
WI—;EN WE GROUP 10 SMALL PIECES WE GET A LONG -
PIECE. WE CALL THIS PIECE T!. THE -T TELLS US THAT
‘ 'WE ARE GROUPING BY TENS AND THE | TELLS US THAT WE ~
« " 'HAVE GROUPED' BY TEN JUST ONCE.
N ‘ . NOW SUPPOSE WE GROUP 10 T! PIECES -- WHAT CAN WE
: _ . CALL THIS NEW PIECE? (T2.) .
< THE T TELLS US THAT WE ARE GROUPING BY TENS ANp
_ THE 2 TELLS US THAT THE PROCESS OF GROUPING BY
TENS HAS BEEN DONE TWICE. FIRST WE GROUPED 10 OF-
THESE P{ECES (show a T0 piece) AND GOT ONE OF THESE
PIECES (show a T! piece).. THEN WE GROUPED 10 OF THESE

[ A
4 P .
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PIECES (show a TI piece) AND GOT ONE OF THESE PIECES
(show a T2 piece).

Now hold up a TO piece and ask:

- -WHEN WE ARE GROUPING THIS WAY, WHAT CAN WE CALL
THIS PIECE? FIRST LET'S. WRITE DOWN T TO TELL US
THAT WE ARE GROUPING BY TENS. NOW HOW MANY TIMES

-HAVE WE GROUPED BY TENS? (None; zero times. ) WHAT -
CAN. WE WRITE TO TELL US THAT? (T0.)

Explain to the children how to read T notation:

70 is "T to the zero power,"
T! is "T to the first power, " .

T2 {5 "T to the second power," etc,
Tell them that we can also 'sa}} it a shorter way:

TO0 {5 "T to the zero." ,
‘Tlis "T to the one," or "T to the first,"
72 ig "T to the two," or "T to the sécond'"

Label the places on an abacus TO Tl Tz, and higher 1f you
desire. Also label the places b, iO IOO etc.

N 'm
P | i .
te T3_ TZ T' fTO | -
, : - 1000100 10 ! Wi g

- N h{

Show a -number on the abacus and have each .child “write the
.numeral in the following form on a piece of paper.

345 = 300 + 40+ 5 - A
345 = 312 % 47! + 570 :
* R4 P

o
-
-

Y




N

: B : . - . aw
The relationship between T notation a\td the e panded"base—
ten notation should bz shown and discu sed even if an' abacus
is not available, ) \ /
' /

Have each child write a 3-digit number onx small piece -of
paper .and pass it to the child behind him. Each student writes
this number in expanded base-ten notation {549 = 500 + 40 + 9)
and in T notation (549 = 5T2 + 4T! + 910). The student then -
hands the paper back to the child who wioteit. This child .
checks to decide if the notations have been written correct-

ly. Go around the-room and quickly’ check those the children
think are wrong, . )

: e Activity B
&. -

Tell the’ children they are now going to build the computer you
discussed in Activity A, Remove ‘the T signs from the chalk-
board. Place three desks at the front of the room and label .
them as shown in the photograph below, Explain to the chil- |/
dren that the desks are part of the' computer, (Save these Yabels -
for subsequent lessons.) You may want to draw an imaginary
start button on the chalkboard next to the computer desks. R

RS




N\

‘Ask one student to sit at each of t! : three desks, These chil-

dren are part of the computer, Explain that computers will dal, -

only what they are instructed to do. Tell the children that you
have made up some rules for the computer to follow, - Then
write these rules on the board in your own words;

L

Rule |, The computer is to édd the numbers fed into
it, - : '
Rule 2, Each desk can take only oie kind of T piece,

The TO place can take only T0 pieces, the 1!
‘place can take only T! piéces and the T2

'place can_ take only T2 pieces.~ '

Rule 3, . Each place must-tell its contents when the
. ~ Programmer calls for it,

Choose three more children to help operate the computer by
acting as Programmer, Banker, and Recordér. The Recorder
should use the chalkboard and the Banker should be ‘given all
‘the T0, 1, and T2 pieces, The jobs of the Programmer,
Banker, and Recorder are explained in the example below,
#he rest of the children should act as Repairmen. Tell the

s Repairmen to watch’ carefully to see if thé Programmer, Banker,

or Recorder make any mistakes, Repairmen should be allowed

" to correct ‘any errors they find, (The first problem will prob-

ably go quite slowly until the children learn the procedure )
“ -)
LET'S SEE HOW OUR COMPUTER WORKS LET'S HAVE IT
ADD 21 AND 32,°

R

Retorder: The Recorder writes the. problem on the chalk-
bodrd. (The hox shows what is written at
< 1 21 | each step and need-not be drawn
fﬁ& - on the chdlkboard.) °

Ask HOW DO WE WRITE 21 IN*T NOTATION?
< (21 = zT' + ITO)

* The Recorder writes this on the chalkboard, He should have

wriften: _ '
~ 21 =[2T)+ 110
+ 32

LN
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Banker: - % The Banker holdé up the proper pieces for the 70+

Progr'émmer: The Programmer takes the pieces, checks to be

0

72 PIEGESY ) .

.,
e .

[N g -

L3

HOW CAN WE SHOW THIS NUMBER WITH THE TO, Tl AND

. place”(in this case for the T0 notation of 21).

sure they are-the correct number and valye, and . ‘
'feeds them to the computer {places them on ‘the -
70 desk).

s

£

' Computer 0, The child sitting at this place checks the pieces

he is given and nods if he thinks they are the
correct ones . ) s

Banker: While the Programmer and the TO place child are
checking the TO0. pieces; the Banker picks up the
" T! pieces and passes them to the Programmer
Programmer: " He checks the Tl pieces and feeds them into the -

‘' computer,

Cﬁqmputer T':  This child checks the pieces and nods if he

‘Note:

]

. thinks they are .correct, . ) .

In this problem there are no T2 pieces, but if
there were the Banker would hand them to the
Programmer, who would check them and hand .
them, to the T2 child who would check them and-
nod if they were correct. '

4
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Now ask: HOW ‘DO WE WRI'IE 32 N, T NOTATION‘? ' ‘
. (32-—3T +2T0) L _— -_
Recorder: . The fecqr’der writes this on the,_ch‘alkboard.
. 21 = 271! 170
+32 (a1 s 210 | ,
u . 2 . & ' ! ’
e o _ The children go ‘through the same-procedure to feed the T - U
‘ nieces for 32 into the'computer, . S
_ R _Programmer: - “When the T i)ieceé representing 21 and 32 have
A . been fed into the computer the Programmer:pushes.
: ; © : : - an imaginary start button. . . , . ‘ ’
. Computer: . " The studente at each fgIacé égain‘:count their -~ = .-}
! . ’  pieces and then, -one at a time starting with the ' .

70 place, they tell the total number of pieces.
they have, (3. pieces for the T0 place ‘5 for the

' . . TlandOfortheT g |
Recorder: . When ‘the TO place child calis out the total num- >
oo ber of pieces he has, the Recorder writes it in - N
. the ‘Proper place on the- chalkboard He does the , ° 4
same—for the T! place, T2 hasmo'pieces so the ‘ T
Recorder- doe*ot write anything. T .
. R - . : . 2""2T|+ ‘To‘ N
. +32—3T|+2T0 ‘ oot
R 5T|+3T A AU
. . . LT ’( o ] - .. . Iy .
R R Now the Recorder converts the T notation answer '
- e . Tt ta the standatd notation (53) and writes it under . _
, * ) the original problem, The comipleted problem should . -
- oo look like this: . : L . .
- o . ' 21 = 27! + 1T0 T
, ‘ Lo T 432=3Tl + 270 C o
53=5—T|+’\3T0 : . S
) v . . "\; L
. b AN
- ' . ~
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e

o

.

. C .
. ; . B . . 7y .
. Revjew what the compuf:’er has” done It has ad'&ed the-pieces
M representmg the first number, (21) to the pieces of the second
: number (32) to give the _sum of the two numbers (53),

’

v

Choose three different children to' sit at the desks and three
. more to act’ as Programmer, Banker and Recorder, Let them
- ‘choose another problem that does not. 1nvolve regrouping and
help them go through the addition procedure with the computer,
. The procedure should go. faster this time, "Work enough prob- .
lems, such ag-34+ 462, 291+ 4 and 128 * 40, so that each -
child has a chante to be a part of the computer set up. You
may want tq work a few more problems. with those childre

n who
have difficulty the first ‘time, - All the children should bre‘come
pmﬁcient at adding, with the computer, Remind the

R/epairmen
to report any mistakes' they notice,

e

s
prads P!
539 4AD
Y A
mpesh

4
£y
Py
3
%
1

[¥-9
~




R

T
¢

? _v'..-“:""( ) ¢

' Save the T place labels and T piecesx‘f‘or future usé. i e
Have the children cofnplete Wo}lisheets 2 and 3. "These ; N
worksheets provide review of the. concept of T nota*ion T o .
and give practice in converting numerals to J:*.netation.

: Have all the children do the bonus problems on Worksheet 3,

with yout help if necessary. ‘You may want _to.provide a few W j
more problems of this type so‘that the children understand - L
that the T2 place, for exanple, stands for the hundred's ‘

. _place even when' TV and 70 are. not written out, If the chil-. h .
: dren do not read the problems carefully they may answer Co
S 8'1:2 8 instead .of 800, Occasionally you shculd refer to the -®

- ) /I‘ places as the "hundred's place," "ten's place" -and "one's ,
: place." : :

[ werkahpet 2 - Workshest 3 ° Nage .
tnit, e L L BRI I Unit 24
“ / \; ™7 . ' . -
e <M1 1nsthe blanke. In the 14st box, draw the T pleces . ~+  One T2 plece con be cut into 1017 preces. o )
JURE ,,.:“ ter the ramber. 3 ., . - . &
3 ; ) : .

e °

| v - S
- ‘ ) one T! plece ==ixtirn tan be cut tnto 1910 pieces.
wne . 1R plece RO = 1 plece T2z ° plece v R
P J . . o P S PN
~-'~.:a R L ) N . ‘s . . - Fi1l in the<Hlanks. R -\.L".f T
’ ;2 i %3t b0 | Wit 00 : e .

14 :__L—__‘r‘ . 4 ‘lob s 2 . 5 10 .- .
: ) R 277202 s a2t o 140 52 = s o art o 210
Wesd v 2P | iqals?edpt o 200 C ™ =17 ‘z.r' 20| T s oReort .o
e - T~ : 11 . .ao=313 1,070 #0 « 1201 ¢ 07?

2 * C ’ . . . ) .
% P - . .
=T w-‘/T" 9»7‘o01°':m=_3_13c_1,r‘ 910 . m,u,z 3,1..110 a2 212 . 61t + 01° -
Ay L ) : ; . .
B g S ], 15612 S o610 B < 520t 4 a0 .
) XN : ’ ) — — - . - -t .
* " ,,q,...,..l_ f' 3‘f o .10 - -
.. ??l:l « 3 K {‘ABCNUS C '
tEu, T Ty 205 ad g0 w at s o AMe R a
4 ' JRUTEE . B a6 S agR.a® HoigR.a :
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Lesson 2 ADDING AND REGROUPING WITH THE COMPUTER " . i
. ) JIp th1s lesson.the children work in computer teams to solve . |
- N - ‘ addition problems, some of which involve regrouping, This ,
: - ‘ lesson will take two class periods, .one for each activity,
J £y (;.., M a - /' = ’ »r,.-
L '. - MATERIALS . s N

\,A "“ v‘ . B P - ‘ .
L S ¢ .- for each child == . . - ‘
£ .t "~ . \ . i

R — set of T pieces cut from 5§ copies of Sheet A and l copy of e
—~ © * . - sheetB |

o C. ~ scissors o / _ i L e

-~ small plastic «bag

-

e ’ . . —~ Worksheets 4 - 7 o 4 ’
* “ﬂ' o C T : < .. Z l.
_ TP ~- for each group -- ’ T

¥ . . ‘ / —
. 9 /(f . several sheets ofdpaper /" . A

{l . * i

? . t Py > e ’

.. . PROCEDURE A B /

Activity A - " " o o B

. Give each Chlld five coples of She t A and one copy of ., -
Sheet B, The T pieces should be qut apart along the heavy . S
lines. - -Each.child should have IO?T2 pieces, 18 'I; pieces. 4
and 20 10 pieces in. all His T pieces should be stored in. . /

- -.plastic baq. ‘ / ‘ / e

% .

» - s . / !
. Divide theclass into teams of three. Each team will set. e
up its own computation- machine consisting of a Computer, . o

a Programmer and a Recorder. Ask the Programrner to turn SR

"to Workshéet 4 in hls Student Manual and tear out the desk-" - e

computer, :/ |- : . . j a L

S
t

3 i | R » - . f .
Explain the’re%ponslbll}‘tl%s of each asslgnment: .o . o . e ,

¢ LI !

. SR R: The Recorier writes the problem in both standard; and / ‘
on a sheet of paper, . . ¥

t
. A} N . i

- - T T hotatid




-

B b0 AT bt by
b

£ RN

L]

3

The Progra?i'imer puts ‘the pieces representing the ad—
dends of the problem into the desk computer and presses -

P:‘
. o the start button.m “ 9
G ' The Computer computes (éounts the preces *if neces sary)
) and tells the Recorder the number of T I pieces "he now ' . 1
has in each place: . - o , v T e "
. : i
. R The Recorder writes the answer, first in T notatlon r ' /A
. SN . and theh’ 1n standard notatlon L : oo / AR ‘ / )
. - T - - T T T T = - o - AEl /' S, '
. nurksheot 4 Syort 2: B ) i s . - T = /
.. i ] 2 . ,,. . 1 : o O . R ! o
T T T
. . 4 Q Py . . “t
. * . ) . . - /
) . { ‘ o . . * - T /
s - + 1/ ’ i . o 7 K "! >
. & - , : . ' -
wn } - ) . L‘ % ,,‘ * v
e i z{ o ) o ! 3 . ) /
- s ° \ f pn o /'
: ‘ _ ;e ' ’ i/
. 5 . . . . 4 t
I . - > . ' ]
. ; 3 -
.~ , y ’ i
- . . L - }/ T -‘ o T AY ) o :_
. . . ~ v - " » 5 e ) - B
. . N Desk ‘Computer - >0, ;
) . T . To ?emonstrate -the proper procedure and recordmg tech- -
P -~  ~-niques tp the™ class» write this problem on the chalkboard
n’rﬁ/ertx al form: 143 ‘ o
— —- ] LS : : < -
- ) ’ i . t < )
Y : “ »
i Choos one team to help with the demonstration while the -
ot:'her teams go:through the problem at their desks. The chil- i
d en a the désks should check their work agamst the work '
olf t‘?e demon&tration team at each step Allow time for di's- - . T
clus§1ng‘ and correcting errors, - - %‘A‘, < ;e -
R ’ ‘. ‘
. .
LA

\ %
.
T .
N »
: .18 A _
", . -4 “‘r - * 3 A " ’ I
. Q . , . "
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Step |: The Recorder writes the problem-and converts it to
» T+ notation, The Recorder on the demonstration
team should write it on the chalkboakd-white-the
——other Recorders write. it on their paper,

143= 172 4 g7! 4 370
+245-=-3P2~—4 T =570

-

-~
[ - « .

. . Step 2: The Prdgramrﬁer gets T. pieces from his plastic bag.
. ' . . - (the bank) to represent the first number, 143,

¢ ®

3 . ooo £

. .
- f .
~ .
t C- .
> - ' .
" . .

O

< s - ‘ ‘
% * - He feeds the pieces into-their proper places in the
_" / . desk computer, ‘ Then_he gets the pieces that rep-
L ' | - resent 245 and feeds them into the computer,

B w—

B

i / Step 3: . . The child who hag tffg job of Computer counts the
total number ‘of pieces in each.place.and tells the

H \ " Recorder how many hehas of each kind of piece.
. "y . ! Eor this problem it should'be 8 U pieces, 8Tl .
o , . / ' pieces and 3 T¢ pieces. .- -
fe S tep 4:. The Recorder writes 3T2 + §T! + 8T0 under the T
: 3 R J notation -problem and puts 388 under the standard

notation problem. ’
< Give the teams two more problems that do not require regroup+
- "/ ing. The team members should change jobs so that each chil
has a chance to do each job., Move about the room while thé
* children are Working and check their methods, work and an-
, ‘ Swers. At the conclusion of this activity, select aRecordey
. . to read his group's results to the class so that ali can verify® _1
‘ their a‘n_sw.eqs. If 'some groups finish early, youmay wantto . T
give them acgiditionéll problems,

o

T




Act1v1ty B - ‘) -

>

Is
>

[ of

Have each group~work the probl m, 246 + 325, and- glve youv
their answers. The.answer the are likelyto,get is:

" 5T2 + 61! + 1LITO;

If any team regrouped 1. get, ;Tz + 7T + ITO, ask the rest of
the children to {ry to figure gut how they got such an ariswer,
If no-team got the correct answer,_ ask someodne to come up -

and write 5T2 + 6T! + 11T0/in standard notation. He will’
probably write. 5611, Explain that’ thlS answer is much oo
Jlarge and- suggest that ther’chlldren check>the1r work R

LS
'S .
N Y .

Go over the p1eces in each place of one team's computer

. with thie class while the other teams check their computers.o
Someoné should discover that 10 of the TO pieces cah be _
exchanged for one Tl piece with one 10 piece left over. Put
.10 of the T0 pieces together to .show this. oRewrite .
572 + 67t % 1170 as 5T2 + 6T! + 171"+ 170, insert parenthe—
ses around the 6T! + ITl, Then add to get sT2 + 771 4 170 .

" orS571, . N ‘

- ) H
v * . N
5

WOULDN'T T BE EASIER IF THE’ MACHINE WOULD DO B
THIS REGRUUPING FOR US?, ——r

N

Iiemmd the children that the machine will do what we tell it"
to do. Ask them to develop a rule for regrouping. It should
be similar to the following rules” g

oThere may be no more than nine pieces in each- place,

if there are 10 or ‘more pieces’in a place, 10 pieces

must be exchanged for one of the next larger pieces.

The new piece must be entered into the p“noper place.

'Haveﬁeach team-try~addmg 246 + 325 again and help them to

. regroup., . -

\‘ e o= e i # et i e~

Let edach tea/m eppiy the re%jrouping Tule to geveral problems
such as 46 + 38, 132+ 49, 269¢ + 150, The children should
change ;cbs for each pmhlem When the children are ready.

- let them' try abproblem requix\'mg regrouping in both the 70

and the T places,.for example, 49 + 76 or 98 + 23

7 »

. : 3&_; L
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. 3
- t_ :‘;N:—mw = = ) . vorksheet 8 .\'an.__..___.___..l“ )
. ’ ’ ) . ' unit 24 =
;‘;; S~ ~Review the nrles~that~our com=" . Use your computer 1o work these picblems. : ‘ )
- T,/ ..__puters must follovg and have the < : ' .
. N - . = L Rr. S0, 77 o’ .
./ teams-complete Worksheets 5 m o RN R
E anuT) using-their-desk computers. 8 TR. 4070 )
y . LA L —
- *»ﬁm—wm»wEaeh‘cbiid»should, serve as Re- - .
" ey - J . - * .5-
\ corder to fill in his ewn work- ol N e 7
’ sheets, Worksheet 7 shéuld be 37 AR 7. 2P
‘ “ ‘completed individually, Itre- .’
. P ,qun;es the“Children to bU.ild on ' Add. Use your computers, Use T nétation il you want
- .their familiarity with the place 26 * -
- _ value system, Some of the chil- |" &
e dren’'may not be able to complete i
¢ it,” Do not press them, This 12 . ~
9
material will-be covered in d
. 25 . o
Lesson 3. L .
- 449
n N 7
. . e . ;f *3
-~ } ' ~ "~ o
L © . - vorksheet 6 c NI s -
* Lot 24, ~ Workshéet 7 Name
- . Unit 24
Lee vour romputer to hedp vou nnl:I:\ write the problea , d FUL In the blanks, i
fao ’ o in T notation tf you wants /% -~ .
AT - P gEEe g L
- o /\ 1 i
E 18 o . < 1 1
3 — A 4 . .. P l“
X . o > . \-). By X
. 3 Lo , A ‘
P E7Z o [AEN . 1= 3
o 1. ’ It takes ‘2_of the T plecen to make—!_ prece. &
, ;:2 .. 1t takes-22 ot the T! pleces to ll(ll(l'-—!—.fz plece. .\:.
429 ;
. 1t takes, 2 of the T2 pieces to make__/_ 13 prece. s
— - - S . I
. E ro N T tnkes;.’_o_or the 13 pleces to mlge_l_f‘ plece, E
" . 132, ° oo §
« o o _ It takes . 28 _of the T4 pleces to make l__.._T; plece. N
- #
P 1t takes 2__or the 13 pleces to make 178 ptece. ‘
: 5’ a’;j B k.
.- o . 1t takes_Q _of the 16 preces to make 1.7 picce, .
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Qo . - o . : bo- ‘
ERIC o ‘

1 v ) . .




3 t.A’dE VALUE

This lesson d‘e"velops the idea of place value as a repedting
pattern generated by the rule that each place is ten times ~
larger than the place to its right, .In the first activity the
children regroup the T0, T! and T2 places and see a need for’
pieces to the left of T2. In Activity B the children tape to-
gether T pieces to produce values to the left of T2; Then
these pieces are taped to the wall, providing a visual repre-
sentation of the relationships among T places. The last
three activities include worksheets and games that provide '
practice with simple addition facts’, Spend two days on this
lesson. Activities A and B should be done on the same day.:

. MATERIALS ‘ ( i o !

l%bels marked T0, T!, T2 (from Lesson 1) and T3, T4, and
5 = _ [
masking tape S

-

wall or chalkboard space J'about 2 yards wide

. - for each child- -~
plastic bag .Yvithset of T .-piece_a
Worksheets 8 ~ 12

" PROCEDURE "%

Actlvity A

Set up a three~desk’ computer Assign a child to each desk
plus a Programmer and a Recorder to operate it, Give them
the problem, 562% 659, The-Recorder writes the pseblem in

T notation &nd the Programmer feeds the pieces into thé com-
puter, The children playing the role of computer must add up..
thé number of pieces in each place and exchange ten of their"
p1eces for the next: larger ‘plece from.the Programmer .

In this problem the child in the TO0 place will have 11 pieces,*
He exchanges 10 of these fora T! piece and then gives the

T! piece to the child at the T! place. The child.at the T! .
place exchanges ten of his pieces and passes the ;I‘z piece to

¢
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the T2 place. When the. student in the T2 place finds that - .

. he must exchangg ten’ of his pieces for the next larger ' ’ -
piece, he will be faced with the question of what touse
for the next larger piece. .

T (If the children at the TO and T! places had trouble r&- - . e T
o ' grouping, go through & few more problems before explaining :
o what the child at the T2 place should do. The children
. o s‘hould not try to regroup the T2 pieces until they can do At
: for TO and Tt.) .

B

Ask the class to help the child in the T2 place with his”
‘ 7 regrouping. The children should realize that they have ho
i S . T3 piece. Raise the question of what this 'piece should look
N ' " like and ask the children if they would like to make:one.

. (They will do this in the next actxmty. Save the desk labels .
) . ’ for Act1v1ty B. ) ' e T '

.
DR

-

Act1v1ty B ' . i ‘ '

5
r

________ . You w1ll need mdsking tape, place value labels for T0 through
TS, and wall or chalkboard space about two-yards wide. Each
s T child should have his. bag with a set.of T p1eces. ‘

’ *

Tape a T0 piece to the wall or

chalkboard.and ask how this
Vo place should be labeled. Tape
the T0 sign above the piece.
Ask the children what piece be-
f : ©° '*! longs in the next plags, ,and N X e

- tape a T piece to the left of : - S

the TO- piede. Label theé T! ;
place, Have the chlldren sug-

S

R gest which plecengoes in the . . > : -
. - next place and tape a T2 piece - ‘
there. Tape the T2 sign apove T Q.
it . i . s — _l‘.r___l--
s ' WHAT WOULD A PIECE FOR THE NEXT PLACE LOOK LIKE?

N HOW MANY TO PIECES DID IT TAKE TO MAKE A T! PIECE? -
(10.). HOW MANY T! PIECES DID IT TAKE TO MAKE A

T2 PIECE? (10.) SO HOW'MANY T2 PIEGES WILL IT

TAKE TO MAKE A PIECE FOR THE NEXT PLACE? (10.)

«
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Tape together 10 T2 pieces to make a T3 piece and put it up
to the left Ofthe T piece. Ask the class how this should
be labeled, and tape the label above it,

WHAT WOULD WE CALL THE NEXT -PLACE? (T4.) WHAT
WOULD'A T4 PIECE LOOK LIKE? LET'S TRY TO MAKE ONE.

Have the-children work on the floor in groups of four or five.
Each child should bring his T pieces, Pass arqund a roll

of masking tape and scissors so that each group can cut off
nine two-inch pieces. Have the children take their T2 pieces
out of the bag, lay 10 of them upside down on the floor and
tape them together to make a T3 piece, As soon as a group
finishes a T3 piece, have them bring it to you so that you

" can tape it to the wall. Several groups may have to make two
T3 pieces, so that there will be 10 T3 pieces in all, enough
to make a T4 piece.

When the T4 piece is completed, tape the T4 label above it.
Your }‘4 piece should be 50 inches high and 50 inches wide.

-
]
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'HOW WOULD THE NEXT PIECE BE .MADE? (By taping ,
10 T pieces in a row.) WHAT SHOULD THIS NEXT PLACE
BE LABELED? . (Tape the TS label to the left of the T4’

. label.) s

Ask the children if they could continue this pattern and wiiether <
Q@ — the place pattern could go on in the other direction (to the i
right of T0), Let them speculate about what one of these pieces
might look like. If some of the children are interested,. let
them explofe this question, with your help’ during free, time.
They should find that there is no limit to the place values in "~
either direction. If one T0 piece were cut into 10 equal
- strips, each of those strips would represent a T~ piece. In

later units or grades the children may learn that 1 =101 =
. -3219-3="_1 h
g and T T000

Any children who did not complete Workeheet 7 in the pre-
vious lesson should do so.now:,

Activity C,

Tell the children that when a,real computer works it does a
more than our desk models. It stores information in its A
memory bank. This memory bank is, in some ways, like our .
brains. We can store facts in our brams and remember them -
when we need to. We are going to test our own computers,

our brains, to-see how many additi_on facts they have stored. :

+ Have the children complete‘Worksheet 8 without the computer
if they can. Although the worksheet includes most of the .
addition facts, you may want to make supplementary work~ -
sheets which reverse the order of the addends and cover
problems like 4 + 4, that are not included.

Wworksheets 9, 10, 11 and 12 involve word problems illus-
. ’ trating regrouping. Assign these according to the reéding
; and mathematics skills of your class, You may want to set
aside time to help children who have reading difficulty.
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< init 24 - .
v 2 3 6 s 2 1 I o 12 plece mzmzmn o2 T prece o3 10 plece
o1 .4 .2 .7 .7 .3 ’
2 v f < k) 3
- i v
. ™e 10 plece represents the nusber_/_
B 4 - 8 7 s 2 4 . 0 .
i P .2 .5 -8 +9 .8 + 6 - 2 _10 preces can be put together to make one T! prece.,
. i ’0 e . - .
o ' ¥ - i One T! ptece 1o thé same o _010 pleces. . b
. - N . :
[N w
. ¢ 6 ] 1 . 3 1 N * Y
N 23 22 s ! ML AL The T! plece represents the number /< . ) )
7 o 5 q /8
0 ! rpucn can be put together to make one = plece«i,
. v s s . . s 7 The 12 plece 1o the same a0 %2 _ 1! piccan. ‘J,x‘x i
-8 .9 .8 -7 .4 3 . R .
- 7 > 77 9 0 ' . .
The 12 plece represents the number /90, -
E 8 3 1 2 2 O € _12 preces can be put togpther to sake one T3 plece.
s | (-] .7 .9 ) .1 .
- 7 5 o = 7 one 13 plecé te the same 1022 _ 12 precas.
)
\ . .
. . -
F 9 7 [} 9 9, L)
~ .4 ' 6 . .6 .3 .7 YBONUS “+
3 3 ? 5 2 “. -~ The 19 plece represants the nusber. .’ = /ooo
~ (- - Rl .
ks
* .
N h
fa
. Yorkaheet 10 Nese —_— Workeheet 11 Name
. . Unit 24 vntt 24 {
M
., wark had a 10t of bassball cards. ¥hen he bundled <
. . In groups-of ten de Md 3 bandles of ten BILY and hte slstar, Jan, also had collected baseball
=& ‘ )
and 3 extras @ ity E: E E carde. B1ll mu 7. low many bundies of ten could he -
How many did be have aitogether?_ 35 . 7 o ,
* o uke?_i_- liow ut\y ulu would he have?____
. . * Hint: 27 = 21t o970,
Sad also hed seme basedall carda. He had 4 bundles 5
of ten g g g g and 8 extres . I3
. 7?‘ ‘ 7 1 Jan had 33, How many bundles of ten could sahe make?
§ ) B 23 *
"" i ald‘t‘.’a‘ have altogentar?_YS_. - . S tow many extra would ahe haver S .
> -
Sae and wark decided to ‘h-cp thetr cards tn the aame .
bot. Hoe sany bundles, of tan did they have sltogether? BI11 ard Jan decided to put their cerds together. How
. i /3
——— How many extra cords dtd they have?... baiidles of ten would they hava altossther?S.
Could they get anothér bundfe ef ten from the sxtree? . 2
. , How many extea? 8. (Could they make ancther tmdle -
J65_. Now how sany bundles of tan do they Mve? . N
4 . How sany extras? ‘3 of ten from !hne?._yﬁ_. Now how sany bundles of ten - -
! do they huvﬂL_, How ux'\y exun_"z_.
-IL. . 13
_BONUS 73 *
llo- aany baseball ceards do they have ul(o‘vlh'n..__... . SI\' BONUS
N How sany basebatl! cards do they have uuon(hen 8o .
- - .
. A ]
A% €
.
\.\ o v
N 2 6 w T *
&) -~ _ , .
SN + N
ERIC )

Aruitoxt provided by Eic: .

. . K >




' “werkaheet 12 Nema_
- Unit 3¢ . . E

L) and Mark and 9111 ad Jan decided te put o1} d
thetr buob-ll cafde together.’

. Sam arvd Wirk hat 23_or ¥ vadies of ten ant 2
. . sore.  Biil and Jan had_é2_er_6_wundles of ten
. ul_‘l_-orn .

"Wen they put thew together how sany bundles ef ‘ten
did they have?_/¥__. How many extre?_J

. - %o can mnuntﬂ__hmilu'by “ e o 1O

% can change 0I‘_ ol R Yt 00
‘The 3 extrees = s

%e could edd thess to got_ L 12 + 4 _1! ;‘Lﬂ. ’ -

Sam and Mark aid D111 and
Jan have _L55 basevall

carde oltogether. 3 Q
nlAYs

Activity D: Relay Game -

This game-is a favorite with the children and should be .
played all year. It can be varied to accomodate more dif-

. ficult addi'tion:problems as well as subtraction, multiplica- . s
tion and division facts:

. 'Have the children sit at their desks. The child~ in the first
desk of a vertical column of desks stands beside the child

R % in,the second desk of that column, You present a simple
R . problem (such as 5 + 5) to these two children, The child of
. . this pairwho calls out the answer first is the winner and 0
. © moves to stand beside the child in the third desk. You pre-
. \ sent a simple problem to this pair of children. The one who

answers first gets to compete with the child in the fourth
desk and so’on. The object of the game is to see if some~
. one can move all the way around the room ‘and back to his )
own desk. To do so he would always have to answer
every problem »faster than the child, he is competing with,

.
[T . .
»
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I'Activity E: Mental Arithmetic

M;'any teachers have found this review technique to be highly
successful, Do the activity for one or two minutegs. each day.

< . Tell the class that.you are going to give them problems to

compute with their own computers, their brains, Start out

with simple problems such as 4 +'7, and work up to problems’

such as.12+ 8 or 3+ 5+ 7, Ask the children to raise their .

hands when they have the answer, and call on one child to - ,
give the’answer,. Look for speed and accuracy,

s -




Lesson 4: 'ADDITION WITH A NUMERAL COMPUTER

In this lesson a classroonr computer is des 1gned wh1ch adds
numerals rather than T pieces. The chlldren devise rules by
which the new computer can perform regrouplnq operations, .
Then the steps in computer addition are recorded in chart form.
This act1v1ty provides a transition between add1ng with - T
pieces and'adding in vertical form. ) £

£

o -
B

MATERIALS

- 2setsof T2, T!, 10 desk labels

—

demonstration T pieces

—

several hundred pieces of paper- (about 2" x ‘2.")

<

Worksheets 13 - 17

4 « P

PREPARATION = . . ! v

Before the lesson begins, ‘p_repare several hundred slips of -
paper by cutting-up larger cheets or providing scratch pads

.
H
-

b 3

PROCEDURE

- Activity A ’ ‘ .

* Set up and label three desks for a computer as you did in
Lesson 3. Assign a Recorder, a Programmer and three chil-
dren to sit at the desks. Have the computer work an‘addi-
tion problem such as 432+ 516 using T pieces. After the
problem is completed, discuss with the class the value of a

* more eff1c1ent computer that doesn't need tO use T pieces, -
Suggest trylng to make one that uses just numerals.

» [N

Arrange another three-desk computer next to the first one.
Label the desks T0, T!, and T2, put several pieces of paper
on each desk and assign a child to sit at eaéh desk. Write
the following problem in verticalafohn ‘on the chalkboard

325 + 462. Have the Programmer,»put 325 into the first com-
puter with T pieces. Ask the children how 325 might be

“ «

)
X . :

L

£ Y




put into the numeral computer. If no child suggests it,
propose that a Programmer write the numerals 3, 2, and S

on slips of paper. Choosc another Programmer to come to
the numeral computer and fill out the slips. Each slip should
be labeled with the proper place notation, The Programmer

. ] : then feeds these slips into-the numeral computer at the proper
2 e oo "~ places.

- 32 |5

T ‘ o T Tl . cTo' )

Have the T computer Programmer enter 462 into his computer,

' - with T pieces’while the numeral computer Programmer feeds
W . in numeral slips for 462

P / Wrthout going through the procedure, rgview what the person
in each place of the T computer does with his pieces:

. B 1. He combmes his pieces, K B
5 o 2, Checks to see if he has more than nine pieces,

3." Exchariges 10 for a T piece of the next larger size i
necessary, and

’

. 4. Tells how many p1eces he has when the Recorder calls
P \ for the, answer, :

" = \ Ask the children to suggest how the new computer might com-
. R = . bine the numbers in each place. (Each child can combine his

.. N numbers mentally, using the addition facts, and write the an~

¥ os " . swer 5n a slip of paper.) For example, the child at the TO

' R place would add 5 and 2, and mark a slip of paper with the

) K *  total’(7) and the place value (T0). He would hand it to the

L . " ' Programmer when it is called for. The Programmer takes each

el T w . slip td the Recorder who then writes-each numeral on the

. L chaleoard (Choose a Recorder for the numeral computer.) °

) s, Slmrlarly, the,, children 3t the T! and- T2 positions complete

L e : slips for the Programmer ‘and the Recorder writes these numer-

. LA als on the board. Let the children at both computers.com-

w LN L plete the’ problem. ¥

n
. . S .
) »
RN -~ . . "
. o -
b Q ' .
¥ L N PR « B /‘.
- . - ‘z
-
. ‘ . '
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Now tell the children that the computers are gomg to have a
race. Hand each Recorder a slip of paper with this problem
written'on it: 487 + 512, Both Recorders start at the. same
time, The Recorder for the T computer writes the problem in

T notation on the chalkboard Whllé the other Recorder writes it

in standard vertical form. >

- T
B s

"l‘he Programmer for each computer starts his job as soon as

he sees the problem. The T computer Programmer counts out
the pieces and feeds them into the correct places. The num-
eral computer Programmer fills out the S ips and hands them to
the students at the computer desks. Each child at the T com-
puter desks counts his total number of pleces and tells the
Programmer this number, 'l‘he/Programmer tells the Recorder _
who fmust write it in T notation and then convert it to stan-
dard notation. At.the same time the children at the numeral
computer add the numbers on their,slips, fill out new slips
showing the sum and-the place value. They hand these slips
te the Programmer, who then cdtries them to the Rec'order. :
The Récorder writes thé total in standard notation, The other
children in the classroom act as Repairmen to catch mistakes
and also watch to see which computer finishes first; The

work of each Recorder should look like this: ~— ———
487 472 + 8T} 4+ 770 e
+512 +5T2 + 17! + 270 , B
. R = *""‘\__ﬂ____ .
999 972 + 9T! + 970 = 999 -

3 .

The class should compare the' efficiency of the two machines

and do another problem, if necessary, to confirm the speed\—“_:.__;_;

of the numerdl computer. Ask why the numeral computer is" .
faster (because it is making use of the addition facts that

each ¢hild has stored in his brain

Have the children summarize the rules that each place—of—the~s.\ B}

numeral compufey is follow1ng when' itadds. ™ ‘I‘hese.should
include: each place accepts the proper numerals, adds them,..
writes the sum on a slip of paper, and feeds it out on 'demand.

\

(1
1
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3

Y _ Write on the chalkboard a problem that mvolves r,grouplng° co '{e .
' 274+ 119, Ask the ghildren t0 develop & rule for the numeral . R
computer to deal w1th thlS 51tuatlon.. This rule mlght be: \ . §

No place may feed- out a numeral larger than 9. Tf the

sum of its numerals is more than 9, two sllpé must be

filled out, one for each of the place values in the sum. -

The larger place value Sllp must be given to the next

place to the left, -’

& e bemenmnn

'Tell the children at the T notation computer that they will o
now become parts of a numeral computer Have the chlldren Co- ;
in each numeral computer work the. problem you wrote on the | . o
board (274 + | 19). They w1ll find that the sum, l3'1‘0, must
be written as ‘I T +370, For each computer the IT! Slip ‘is S A
passed to the T! place. The T! place must-add this slip to. '
its other two (7T! and 1TH and fill oyt a slip for the properv
sum (9T!). , : - .

¢ e .

- -

-

(S
—
« 3
] :‘f?.u”"} :
N . ,

e emnen s
-

E I
(€N

‘ ; Choose new chlldren to sit at each cof puter. Give both com--
: o puters the same problem, one which' requires regrouping. 1n the
T0 and T} places. Remind the ch11dren to write ard label a
slip for each of the places in the.sum, ‘and to hand &he proper
) . SllpS to the pldce to their left

RNy '>w>'-:-~“~
—

N
- ’.--»-g e .‘
)
-

s
w3 5,
.

o0, o & F
. SN A
— ‘ .. - X You feel the chlldren are ready to Work-on théir own, they S
— _‘\ . can now form groups of three, Give each group 40 or 50 . y ' .
slips of paper. The groups are to solve addition prdblems T o
. - ‘usmg their desk computer and numeral slips. Writela few  } Coe
le problems such as 208, 29, 560 on the chalk— o
S : , \\\ | . .+468 +92 +377 . ¢ :

.
;5 .

P n
&
-
«

‘:"'4 .

) . ) board and c1rculate to check that the numeral sllps ar 3 po

ce being marked and regrouped properly, Lo :

. . P ~ o > * v -'\‘- " ﬂ’ s q' ,.'
e Activity B < ) ' *x y

b
.,

“Draw a chart on the chalkboard to mtroduCe a system for v ' L
recordmgftl’r'”teps that the computer goes through when it .- ¢, . T -
adds Write a problem beside it. _ S - S
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Aruitoxt provided by Eric

"look like this.

. ;
ARaRY
¥ ﬂw &
. S RS ‘S“M(

A—O Y

_ Organize the children into groups of three and have one child"

in each group take out his desk COmputer. You will act as
Recorder for all groups. One child in each group fills out
slips for the first.addend and another child fills out slips
for the second addend. These slips are then put in the cor-
rect places of the desk computer. Each child acts as one
place of the computer, adding the numerals in his place,
Starting at the TO place, call on a different group for each
place to tell you its answer, As the children tell you the
sum for each place, write these on the chart, When a num-~
ber is regrouped and a sMp is passed tothe next place, enter
a | in the next place on the chart, Your chart should finally

- -

/
/05 ! O
+237 & 3

| Y
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. T T ¢4
Do as many problems with the numeral o
Sorksheet 13 v, o computer and the chart as you feel are - .
- " init 24 ” . . N
_ » necessary for the children to understand
Ce Add. Ve your numeral cosuter, the chart. Choose new children to run
. R B ecord shat goes the computer each time, P v
o A i ; " Into the compuler .
" . ;7: : 5 f t I here v . .
211 17 S tecord vhat comen Have the children turn to Worksheet 13. ,
2 B T . If they need help let them work a few
= . |2 i, ’ problems with friends. They should - -
i e - . complete ‘most of the worksheet by
"',.i"']‘i"i = " themselves. The children should do
IR TR , Worksheets 14 - 17individually on -,
® 5 N N 3 . *
X r 2 | their own time. Some children may
: I S b2 . . H S
x ; - | need help in readingisome of the prob=-
. ,’2 ' ;l . [’,’0 lemS o ! >~
. o W 9 : . : .
9 | |3 b Note: Save the desk computers for
. I . Lesson 7 ‘
N .t .
el VS .
o
* 2
Yorkshest t4 ' Name ) ’ Worksheet 14 lconttnued)
tntt 24 . tntt 24
- Pork these nro'talm. Une your desh rt-;puler if you mri(' and Sally save pennles, ’
. ‘need 1L, Mark has t63 penntes. Sally has 219 penntes
¢ ., How many penntes do they have together? 322 _penntes
Johnnie could 1tft 42 pounds. ' .
Pete could HfL 54 poundn. L ~N é’k 2
o~ Hoe such could they 1ift altogether? ' : <. . .
N * ?“ [ ) * ."%, w*';"
’:’ .| v Bonus -
b Margarat has 37 centa. Ewtly hes 29 dente and Ltsa
. . . haw 42 centa. 1f they put all thelr money together
. Mary weighed 48 pounds two years zgo, would they have enough to huy thelr tescher a
She has galped 13 pounds. i3 handkerchief that coeta 98 cente? __ Y& |
How michidoes she weigh? . 27 pounds. . .
' ﬂ . a . How much money do they h.ve'l._’i_rems.
N ?:“‘. ‘e . Can they alno buy her a card that coats 10 cents?
s " . . : I3
- - ‘"‘ -
A -
Then Beth was aix years nld ahe wan 44 inchen tali. “ )
tn tw) years ahe b;; ‘nmhu T Inthes, - b Pt 3
How tall ta abhe? 10ches, -t
- S . . & ‘;‘ I s
it o )
P - : NN
-~
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Verksheot 13 Namooo
UQI( t ] “
The kida at sches! decided to see how mMny popeicle
sticks they cheld collect. Bill'e and Mary’s third
' ;
srede class collected 473 sticks. That would be
tlant bundies (12 tandlea), T bundies and
+ —— OXtras.
Lat’s compare our sticks with the pileces we used
M our cowputer.* -
[} .
one etick / = 5 zx1 10
= . 0 E
. . one bundlie of ten aticke
ove glant mmlo% z
ften bundles of tem
e .could represent 4 zfant bundles by 4 2.
» ¢

¥e could represent 7 bundles of ten by 7 T’.

®e could represent 5 extra stickd by 3 10,
' -~

2t

forksheet 17~ Name
tnit 24 ﬁ

. ’ [’ .
For experte onty! &4 \

“e. ®alters, the popcicle man astid that If the third
grade clsases coutd collect enough popcicle oticks

0 to make a super tundle, he would give each third
ursder & popcicle. ®

- Everyone wanted to krow how big a super bundle 1ls.

- A smatl undte (1! 1a_ 2 _aticks.

A gtant bundle (1) ta__O small Bundies or 790 _
stlcka, N

A ouper bundle {131 1a__2 ctant bundies or_s00
omall bundles or_222 sticks.

1
A smaltl bundle 110 sticks) a __L v

N i yr2

A giant bundie (100 sticke) = —_—

Y S

. A super bundle {1000 sticke) T ._r..

!
~ .
kS
-~
//‘
— ‘

ERIC . .

Aruitoxt provided by Eic:

:
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Yorksheet 16 Nawe o
Lot 24 !

3
The c1ass across the hall collected 319 sticke. This

would lake‘g_:hni bundles ori_'lz._’__fiundleul

. of ten or_!__‘r'. and i_exlrn or_?_‘l‘o.

One clans had 412 + 77! . 510,
The other had 372 + 17! , 910,

That equuls7_‘l'2 bundles.g_‘l" bun;ilu and”

—1_‘./_10 extras, -

Will the 14 extra sticks make another bundle of ten?

Yoo # . 7

— Then we will have altogether ——Riant bundles
\

(T‘zl. _.‘?_bundles of ten (T!) and Y extras l‘l‘oi. In
i

—

T pleces this would he.l_'l: '_.Z_Tl 'i.‘l'o or

ﬂallnnlher.

N Worksheet 17 (continued)
tntt 24 &

Two of ;the clasnes togethr had almost 800 sticka
or L ctant hundles ( bundies?, .
The other third rade class had 317 .sticks, \
This would be_2__ Irfant bundles), LT
thundtes of tend ad J__ 10 lcxlrasl:

o)
Did the three «lasses torether have at least 10 elant
bundles? Yea

"',‘:,"""' have enough st icks to sake 1 super bundle?

-

The first two (lasses had exactly 794 stlchs.
The third class hod 317 stivhs,

How suny ding they have .bllwc(her?-—!m...

»




~ Lesson 5: DEVELOPING THE VERTICAL FORM FOR ADDITION

. . +-In this lesson the numeral computer 'technique\ for addition is
. conyerted to the vertical form for addition.

‘e

N

<

.. - MATERIALS ‘ : .
- — Worksheets 18-20 . A . .
PROCEDURE )

Discuss with the class the fact that we often need to do
addition problems but we d6 not always have access to a
computer. Develop the idea that each child can be his own
. cpmputer by using his own memory device (his brain) and by
: following certain rulec. Put the problem 263 + 324 in vertical
form on the board and «raw a computer chart next to it.

. . N
Enter the numerals in the chart as 7ou review their place
values in the standard algorithm.. Then add the numerals
in each place of both problems, stressmg their place value
again, The completed record should look like the one in
e Lo the. photograph below..




'

Work as many problems using the standard algorit and the -
chart as you feel the children need to understand that the v
numerals of each addend on the chart-are in the Same place
and same relation as they are when they are written in the
usual vertical form. !
R
CAN WE SHOW WHAT WE DO@QJ(HEN WE ADD WITHOUT
USING THE CHART? LET'S TRY. N

Put thl_s problem on the chalkboard: . .

+722.

WHAT NUMERAL WOULD GO INTO THE T0 PLACE IN OUR
FINAL ANSWER? (7.) WHY? (5+2=17.) AN

WHAT NUMERAL WOULD GO INTO THE T' PLACE IN OUR
FINAL ANSWER? (8.) WHY?- (6 + 2 = 8.)

WHAT DOES THIS ADDITION SENTENCE MEAN IN TERMS OF
PLACE VALUE? " (6T + 21'= 8T or 60 + 20 = 80.)

WHAT NUMERAL WOULD GO INTO THE T2 PLACE IN OUR
FINAL ANSWER? (9.) WHY? (2+7=209,)

WHAT DOES THIS MEAN IN TERMS OF PLACE VALUE?
(272 + 772 = 972 or 200+ 700 = 900.)

WHAT IS OUR ANSWER? (987.)

Notice that the order in which we add the columns does not_
matter when we do not have to regroup, But, when regroup-
ing is necessary, we should add the T0 column first, then
the T! column, etc,

Now put this problem, which involves regrouping, on the
chalkboard in vertical form: 438 + 249, Use the standard

- algorithm which begins by adding the first place on the _
. right (the 10 place). \ ;

D
e

T 37

265 '

4y




Worksheets 18 and IQ should be done individually during
free time, Each problem on Worksheet 18 is to -be added’
using both the addition chart and the vertical form,

-

WHAT NUMERAL WOULD GO INTO THE TO PLACE IN OUR
FINAL ANSWER? (8 + 9 =17, We regroup 17 to IT! + 710,
Be sure the children understand this transition of 17 into

_T notation. The 7 is recorded in the T0 place and the | is

entered at the top of the T! column. The children should
see that the | in this case means lT| or 10.)

WHAYT NUMERAL WOULD GO INTO THE T PLACE IN OUR
FINAL ANSWER? (8.) WHY? (IT)+ 3T! + 4T! = 87!,
The 8 is recorded in the T! place. Be sure the children
understand that the 8 means 8T/ or 80.)

°

“WHAT NUMERAL WOULD GO INTO THE T2 PLACE IN OUR
- FINAL'ANSWER? (6.) WHY? (472 + 2T2 6T2, The 6 is

recorded in the T2 place because in this"e example the 6
stands for 600 ) .

x4

Your final work should look like this:

1
438
+ 249

687 .

1

All the problems on Worksheet 19 involve regrouping. You
may want to go through the first problem with the class to
see that they understand how to regroup using the standard
algorithm. If the children are still having difficulty regroup-
ing after they have completed Worksheet 19, you may want
to-use the problems on Worksheet 20 for class demonstration.
Otherwise, the children can complete Worksheet 20 on their
own,

e e’
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Lesson 6 ADD'ITION PRACTIC?GAMES ~ -,

W i

This lesson provides practice in addition that should be

pleasant for the children, Spend. this class—‘period intro- .
ducing tﬁe games, and encourage the children to play them o . e
in free time throughout the year. :

MATERIALS - - R ‘ .

\‘ Y * = 15 pairs of :iice (one of each pair labeled 0- 5 the other . L
< : * labeled®4-9) “ . )
\ \ — pencils and papéer ‘ ' - . .
— Worksheet 21 ‘ . . '
) ) e 6 ) . \/ >
‘ PROCEDURE . e -
\ - kS
N\ .« -
SN ‘Activity A - . ) )
' . - ) co. : .o . Lo
Begin by reviewing'the addition algorithm. Have a child go ) e

: to the chalkboard and work a problem that requires regrouping - .
while the other children do it at their seats, Do as many \ ' )
more problems as you think the children need. Then play the ‘
following game, - o - e

y Let each column of chil~ '
dren be a team. Write a -
number between | and 20
on the chalkboard in front
of each team., The first
child -on each team goes
to the chalkboard, writes
another number under the
first and adds the two.
Then the second"child
goes to the board, writes
a number underthe first
answer and adds these

. two. "This continues un-

\'\\_ © til each person in the

team has had a chance to -
add a pair of numbers. )
. The team whose final .

. total is closest +o 100 is

the winner.




------
fi

For example: | R . : (7 .
13 (the number you put on the chalicboarci)‘ . :
+20 . (the numbet the first phpii ;plit's ‘on the board) .
33 ‘(the answer the first pupil gets) ‘
+ 5 (the number the second p;upil pu\ts :oia.the‘ board)
38 {the answer the second pupil chpqtes) '
+_l2 ' _(?he humber the third pupil adds) T, '
‘_55 ' (the answer.for -fhe third pupil, eté.)’ ’

One minute should be long eriough for each pupil, but this ’
is not a race against time, so allow more timé if your class .
needs it; Have each team of children check its work at the
. chalkboard. Allow them to tell the person at the board’ if his_
" work is wrong’, but not what the mistake is,

P

This game provides an opportunity for you to determine which

children in the class are havihg trouble regrouping. You can
provide more practice and individual attention for those chil-
dren who need it. When you play the game a Second time, .
~start from the back of each column so that every child gets a
chance. to rearoup with larger numbers.,

-~

Activity B . s .

. Let the children choose partners, “Give each pair of children
a die with the numerals 0, 1; 2, 3, 4, 5 on the face. The
first player throws the 0°- 5 die twice. The first'throw is« .- ,
the ten's place digit, the second throw is the one's place
‘digit, The blayer records this number on his paper., Then

the second player generates a number the same way. Both "%’

players repeat this procedure and record -their numbers in the*
olumn form. , "

» - °
. .

Sample: Ist Player 2nd Player -
SR $ 38 , o
"+ 24 : + 04 .
o 1) :\-,‘,‘
PN
¢ ’ 5!:’ e i{ *

Y

S




.

- Each player adds his numbers, The player whose sum is
- larger scores one point, If a player makes an error and his
opponent notices the error,. the opponent wins a point, The
first player with S points wins the game. The next game
should be played the same way, but with the die marked
: 4 - 9. You can vary the game by using the die marked 0 - S
) for the first set of numbers and the die marked 4 - 9 for the’
second set of numbers ahd vice versa., Three and. four-digit
. numbers should also be used. After'they have played the .
game once or twice, let the children decide how many digits
to ‘'use for each number, These variations will give the stu-
dents practice with all of the addition facts and many oppor-
tunities to regroup.

‘

Activity ¢ o

: Computational skills‘ are developed by frequent practice .
- ) - over an extended period of time, This practice need not be

. . tedious, but shauld be provided often and with emphasis on
accuracy. .

42 ‘
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Worksheet 21 provides practice in computational skills,

-

o

It =

will be used each day.for one week. Explain to the children

that.the class is going to have a contest in computation for

.one week., Have them turn to Worksheet 21 and look at the’
lefi-hand column, whic¢h contains the practice problems

These problems are similar to each day's test problems. Set

up a certain time to give the test each day and tell the chil- -
dren to complete each day's practice sproblems on their own

- before the test.

‘Put the answers to the practice problems on

the chalkboard or bulletin board each day-{under a cover piece
of paper) so that the children can check their own answers,

3

s,

»

When all the children have
done the practice problems
for the day, write the test
problems on the chalkboard.
The children copy these on
their worksheets and solve
them, Correct the problems
together and have the chil-
dren record their points as
indicated on the worksheet, -
You may wish to devise a
reward system for those
scoring the most points dur-
ing the week, or for those
scoring-above a certain g
number of points., You or
the children can make up
similar worksheets through-
out the year, varying the
difficulty as is appropriate

for different students.

*

Yorkshest 21 %

*

€
-

Unit 24
‘ = Potnts
A for each My
Practice Problems Test Problem Problea Points
Day 1 3~ Y
Y e 43 153 .
46 324 + 26 + 523
e R _33 %9 676 t —
78 $9¢
Doy 2 ° 603 . 46 b
720, - 50 1312 .40
- 263 * 48 915 86 t —
915 93
Day 3 :
v
5 72 .
a o ¢ 18 + 74
i - 7 6| 2 —_—
92 144 .
Day 4 P a3
] .
n L RS}
. 9% 7Y 124 72 2
a3 Ha
Day 8 .
- ~tos 416
325 233 . 627 + 676
. 438 + 383 3 Gas| 3 e

o
[

-~ re
L]

M Score..

-3

o

43

»
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ol el SuRTRACTION . ‘ | ' -
' - * ' PURPOSE - ., : ' . : . s

-_-: To introduce and provide practice with the subtraction
algorithm. s

L E — To provide 'game situations for enjoyable practice with
' basic subtraction facts.
COMMENTARY © ’ * \ o
In this section the subtraction algorithm is_developed and then
applied to problems written in the vertical form. In Lesson 7,
the children program the T-pieces computer to do subtraction,
e - They divide each place of the computer in-half horizontally,
. e The minuend is in the top or "start" level and the subtrahend
. in the bottom or "subtract" level. Subtraction is done in the
) computer by a co_nipafisqn rocess,. Each piece in the bottom
_ level is matched with one in the top level;—To-find-the dif- .
< ference, the computer counts the number of unmatched pieces T
in the start level, ' T
In Lesson 8, the rule for regrouping is developed. One piece.
> ) , from the next larger place than the place lacking pieces is
. exchanged for ten of the needed pieces. The new pieces are
entered in the start level of their place. Then the pieces are -
paired and the difference is. noted.

1

The physical process of subtractior_x represented by the T-pieces
computer is replaced by a mental process when the cemputer is’
converted to accept numerals in Lesson 9. The child at each
place does the subtraction in his head and writes the difference
on a slip of paper. o <=
] When the children are familiar with the subtracting and regroup-
\ : . ing algorithms, the vertical form for subtraction is developed,
In Lesson 9 a representation of the numeral computer is drawn -
on the chalkboard, The minus sign replaces the "start" and . '
"subtract" labels. Place value is stressed while problems are ‘
worked using this chart.

w
(&)
%,

44 ’
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In Lesson 10 lines are removed from the chart until only the
vertical E?‘zﬁ“remajn\s.k Then the class develops a notation,
for regrouping and wor ‘S\p:a&ice problems using the vertical

form, )

Games in Lesson 11 provide enjoyable practicé-ef_addition
and subtraction facts., ‘

_ ke e A5 e e o
-
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Lesson 7: COMPUTER SU?TRAGT{ON’

This lesson extends the computer rules so that problems
involving subtraction can be solved, It is the first of four
_lessons that will-develop the procedure for 'subtraction first

with the T pieces computer and finally in vertical form.

-

\ -

MATERIALS

-~ computer deskK labels T2, T! and TO

~ 6 pieces of 3" x 5" paper (3 labeled "start" and 3 labeled |
"subtract") ‘ 8

-~ demonstration T pieces

— masking tape '
: -~ for each child -
- d;sk computer (Worksheet 4)

- fuler or other straightedge

’

— 2 piece$ of 3" x 5" paper

-~ bag with set of T pieces
~ Worksheets 22 and 23




PROCEDURE .

/ °
/
‘

Activity A ¢

IR
Discuss with the class how the T pieces computer, worked for
addition, (It would take only certain bieces in each place,
combine the pieces, regroup if neces sary and produce the
answer,) Then ask the class: : T
WILL THIS COMPUTER LET US SOLVE A PROBLEM SUCH AS,
5 --32 (No.) -

g v

WHAT IS DIPlFERENT ABOUT THIS PROBLEM FROM THE
OTHERS WE DID WITH OUR CQ_MPUTER? (It involves
subtraction.) ;

e Ty

Place three desks at the front of the room, labeling them T2,
T!and -TO, as in previous lessons, With masking tape,
divide each désk top into two sections and label as shown,
(Save these labels for later lessons.) Also draw this three-
desk computer on the chalkboard.*’ ‘

== s ST

’ ” ~ N -’
__—"" Use the following procedure to develop the subtraction pro-

/ CESS. N )

THE COMPU‘TER MUST SOLVE THE PROBLEM, 5 - 3. HOW
DO WEWRITETHISIN T N OTATION? Write both equa-
tions on the chalkboard:

5= sTC
=3= -3rf




Choose five children to work the computer (a Recorder, a

Programmer and three Computers). Tell the children they . o
wi,ll work at the desk computer doing the same thing that"

you do at your computer drawn on the chalkboard. The

Recorder copies the problem in vertical and T notation

forms on the.chalkboard.

. . )
WHAT NUMBER WOULD THE COMPUTER LOOK AT FIRST IN
OUR PROBLEM, 5 = 3? THAT IS, WHAT NUMBER WOULD

IT START WITH? (S or 5T0 .)

Enter ‘the pieces representing 5 (the first number or minuend)
in the start level of the T0 place in your computer on the
chalkboard., You.can draw_in the pieces, but it will be-better-
_* to tape the paper T pieces in place. (Remind the other chil- . .
Tdren in-the classroom to watch closely so that they will be,
. Able to work in groups later, ) The Px:ogrammer counts out. the
T0 pieces and feeds them into the TO place of the desk com-
puter, . N

WjE:HAVE NOW’'TOLD THE COMPUTER TO START/WITH 5.
WHAT IS THE NEXT THING WE’MUST TELL IT TO DO?
(Subtract 3.)_ X

Enter the pieces representing 3 (the number to be subtracted-ra“/“’."/
or the subtrahend) in the subtract level of your computer,
The Programmer does the same at:the T0 desk,

WE MUST NOW PROVIDE THE COMPUTER WITH RULES IT
_ CAN USE ALL THE TIME TO SOLVE SUBTRACTION PROB-
LEMS.

Suggest a rule similar to this and write it on the chalkboard: \

One by one, -take the pieceg in the start level and pair
thenr with pieces in the subtract level,

//,, SN
T e
- 62 .
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Draw lines pairing the pieces in your computer, . Or, if you
taped T pieces to the board, rearrange them so that they are -
paired up, Instruct the child at the T? place of the desk com~
puter to pair his pieces. Tell him not to remove the pieces
from the start level, but only slide them together so there is
an obvious physical pairing of the pieces. Eac h piece in the
subtract level must be paired with a piece ip-the start level,

. »
When you have performed these operations ask the class:

HOW MANY UNPAIRED PIECES DO \»‘E HA\;E LEFT IN THE

START LEVEL OF THE T0 PLACE OF THE COMPUTER?
(2 70 pieces.)

WHAT IS THE SOLUTION TO THE PROBLEM, 5 ~ 32 (2.)

sk the_child at the T0 place of the desk computer how many :
unpair:}pleces he has left, He tells the Recorder this \
‘number and tle.Recorder writes the answer on the chalkboard

in T notation and“then converts it to standard decimal
‘notation, -

'

Mention that when working in groups the Computer tells the

Recorder the number of unpaired pieces remaining in the start el
level at each place value. Select five new children to

operate the computer, You may want to do a problem on the

6o



chalkboard while the .children do it at the computer so that .-
all the children in the classroom can sée what is being ‘done. :
Feel free to go through this procedure faster if the children

catch on quickly, Write this problem on the chalkboard near

your computer: \ e

348 = 372+ 47! + 870 :
-235= -272 + 37! + 570 : )

The Recqrder also writes the problem on the board. As you
feed the pieces for 348 (the minuend) into the start level of
your computer, the programmer feeds the pieces-into the cor-
1act places of the desk computer, Then you feed the pieces
for 235 (the subtrahand) irnto the subtract level of your cotn-
puter while the Programmer does the same with the desk |
computer. Ask the children in the classroom what to do next.
They should tell you to pair the pieces in the subtract level
at each place with pieces in the start level of the same place.
The child at each desk pairs his pieces and tells the Recorder
the number of unpaired pieces remaining inthe start level at -
each place.. The Recorder writes each number on the chalk-

. board under the problem. While he is doing this, you pair

' trie pieces in your chalkboard computer. The children in the °~ _.———"
classroom should act as Repairmen and check your work"g’o’ .

see if it is correct. The children at the desk computer check |

their work against yours to see’'if they are correct. After

pairing the pieces in each place these pieces remain:

IT2 + 17! + 370, The children should have little difficulty
trans;bosing:this into base ten notation, 113,

%

Have each child take out his desk computer and draw a
double line through each place compartment of the computer
to separate the start level from the subtract level. Use
3" x 5" pieces of paper to label the divisions "start" and

" "subtract." These labels can be placed next to the computer.
The new desk computer should look like this:

.- .
Cw . ‘ ~
: O

= 7l

‘ :

4

SUBTRACT




ERIC

Aruitoxt provided by Eic:

J Lo K AN .

-

Divide your class into groups-of three, Put at least one child-
who participated in the~demonstration into each group to help
the others, Let the children choose “jobs and work several
problems such as 74 - 32 and 629 - 512, Wa'k around the
room checking to see that each group is using its subtraction
cornputer correctly,

Point out to the children that in the TO place of their desk
¢omputers, they will have to match groups df pieces instead
of pairing individual pieces since only three pieces can be
put flush with the dividing line.

51
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Activity B

N - .
Each group of three children should now complete Worksleet
22 together, The members of the group take turns being Pro-

. grammer and Computer, Each child acts as his own Recorder
and writes the computations on his worksheet. The children
should complete Worksheet 23 independently. . ) o i
Sothohoot 20 Nemo Worksheot 23 Name,
ump Unlt 34
Use your dosk etmputor to subtract. Use T notation ff . Uss y;ur dosk cosputer t; subtract. P
yo wanat te, . b
o .
140 31
\ - 136 :%'.«l -
' . ‘3
- 21
- 2t ~
220 15 s
ol 120 , ' RN,
< . |
736 . |
Q = st
\ .
413 ¢
. » w1
b 2 320
2
. - A
291° |
148 - w6 ‘
’ =4 33 ‘
~ o
:’;&x . * '5*&;{5\) . g‘{‘
4
) |
N ‘
i
. 1
. .
Can !
’ i
|
|
52 . -1
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Lesson 8: COMPUTER SUBTRACTION WITH REGROUPING

an this,éleséon a rule is devised which tells the.computer,h_ow

to subtract when regrouping is necessary, In Activity A the
children complete a worksheet of subtraction problems using -
" the facts they have stored™im, their own memories, In Activity

B the children use their cmrs to regroup in, subtraction
problems. ; S /

« Tl s

MATERIALS

- ‘ ~~'for bach child --

I3

— _desk computer .

— set of T pleces o ‘ - /
- Worksheets\‘ 24 and 25

: ‘ ‘ PROCEDURE

Sorkehest 24 ' - Activity A ) . .

tnit 24 Name .
. To check the children's
- ‘knowledge of subtraction

Subtract. Do not use your computer.

® 2 3 : _’ 3 facts, ask them todo
B = S ¥ "Worksheet 24, Introduce )
§ s . . 2 M _ this'test as you did with .
S = = 3 < = the addition test by men-
& . . . . tioning that the -children's
’ A 2 2 = _: brains are like computers, , .
’ and can be tested to find
DI 3 - 2 4 out what information they

hswe stored.

-
P ™
dow
wlio
U"»u

P -




- ACtiVity B * I ' N

X

Ask the children 'to form groups of three and see that each °
child has his desk computer and T pieces, Have each child
in the group work this problem with his desk computer:

A3 - 2€. The children in each group can consult each other
about this problem,

3

As they proceed, the children-will find that they do not have
enough pieces in the start level of the T0~p1ac;e to pair with
each piece in the subtract level of that place.

| ! 0
START: E g g ’ E a
. T Dm Al 3‘
o - a0
SUBTRACT | E E :

Remind the children of the.rule for subtracting with the
computer: each piece ih the subtract level must havea
mate in the start level. Ask the children for suggestions
on how to pair the pieces in the two levels of the T0 place.
If rfio one suggests exchanging a T! piece for 10 pieces, ask.
them what they did with the extra T0 pieces when. they were
adding. Remind them that they exchanged 10 T0 pieces for
I T! piece. Ask the children how they could reverse this
process to get some more- T0 pieces to solve the problem,
Wheén they have.discovered what’to do, formulate a rule
that tells the computer how to regroup for subtraction prob-

lems: . .

To regroup, the "coinputer must kndow which T place need§
more pieces. Then the computer removes one piece {rom
the start level of the place to the left of the one that needs
more piecés and sxchanges it for'ten of thé next smaller
pieces. These t-:» smaller pieces are entered into the
start level of the T place that needs the extra pieces.

P




I

. Now have the children agam try the problem, 43 ~ 26 using .
o . the new rule for subtracting with the computer. Each computer
should look like this: o

£ 1l

| START E | | »

. ;SUBfRAcIJ

L, All the pieces in the subtract level of both places cari now '
. be paired with pieces in the start level of beth placeé The

‘ ' children should .count the unpaired piecgs in each place to

determine the apswer.” They will see that Tl ‘and 7' T0

pieces remam unpaired and that 1Tl 4710 =17,

5
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| Two children in each group can put away their desk com-

. puters“’ar{d"-T ‘i)i’“eéejs /SO that only one computer is Sut for
each group. - Remind the children to rotate jobs of Pro-
grammer, Recorder and Computer, Then have the groups
work as many problems ou feel necessary for the class
to master the re;éroupingézmkm—m -
cheching the weark and helping those groups that do not

understand the proc/éaﬁ're:m.suggest problems such as:
- LA e,

—
64 482 328 . 452 TTTrmmemeesevncos
239 257 o236 -3ve

-

" After vou are assured that the c/}gldren’lfﬁow how to subtract
with regrouping, assign Wérksheet 25 to be done individually
during free time withthe desk computers, - If there is time,
you may-want to let the children start the ‘Worksheet during

‘class time to determine whether any children are having .
trouble regrouping; - .

Warkshiet 238 Newo_. =
Unit 3¢ . -

2

L.
Bubtract. Use yeur cemputer. -
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Lesson 9: DEVELOPING THE VERTICAL FORM FOR SUBTRACTION

In this lesson the rules for the subtraction computer are

R changed so that it will handle numerals rather than T pieces.
The arrangement. of levels and columns in the desk computer
used in Lesson 8 provides a smooth transition. to the develop-
ment and use of the algorithm for subtraction in vertical
form.

MATERIALS -

— labels marked 72, T!,.T0
— masking tape . i -

— 3 "start" and 3 "subtract" labels (from Lesson 7)

<

- 30 toh 40 slips of paper
— Worksheet 26

N &0
f—

PREPARATION
Before the lesson, prepare 30 or 40 small slips of paper from
larger sheets or provide a scratch pad for your demonstratiqn.

PROCEDURE
Activity A ' _
Discuss the inadequacies of the T pieces computer for sub- -
traction (it is slow, we will not always have one available).
Ask the children to think of a way we might change the com-
puter so that it accepts numerals instead of T pieces,

Bemind them that they used an addition computer that ac-
cepted npmerals in Lesson 4,

Set up the three-desk computer used in Lesson 7 by dividing
each desk into sections with masking tape, and labeling
each section "start" or "subtract." Select a Programmer,

a Recorder and three Computers,

B

Present this problem for the computer to solve: 469 - 327.
Establish the procedure for putting numerals into the




computer. The Recorder writes the problem on the chalkboard
and rewrites it in T notation, His record should look like

this: .
469 = 412+ 67! + 970
-327 = - 372+ 21! 4+ 770 ‘
o
Then the Recorder transfers the numeral and place value _ ’ ;

notation for each place onto separate slips of paper

41.1 é ; 970 °

- 1"

[

. ‘ 31,‘_1. o ~O~l{,l ° ?‘77.'0‘

e camoms-engund

The Programmer entérs the first number (the minuend) by
puttmg the appropriate slip of paper in the start level of -,
each place. The -number to be subtracted (the subtrahend) is y
entered.in the subtract lével of the computer . ?

~.

-
Y Yoy o
. r\2 5

(] || & | | [T ]
el |3 | | BEe] (2,

T

After the Programmer has pushed the start button, the Com-
puter at each desk mentally subtracts and then writes the

answer on a slip of® paper, labzling it with the Jproper place
value, Each Computer hands his slip to the Programmer when v
it is called for. Theé output for the sahple problem is:

A A Y

58 ’ )




The Recorder writes the answer in T notation under the T
notation problem on the chalkboard, and records the difference
in vertical notation (142) under the original problem.

Give the children as many examples of subtracting w1th
v the numeral computer as you feel are néééssary for them to
" understand the process. Suggest various types of problems,
but de not include any that involve regrouping. Give as °
<~ many chi@dren as possible a chance to be part of the computer.

v

Activity B ¢

Discuss with the children the fact that we do not always _
have a computer available to help us work subtraction A -

f
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problems, Tell them that you have an idea for making a
chart that can be used to help subtract.

Put a sample problem on the chalkboard. Next to it make a
sketch of each. place and level of the subtraction computer,
As the children tell you where to enter each numeral, write

itin. '
S | START / 3 8

—/ 0& 5,U57'RAC7 °/v _ O

o #

/

Point to the Tp place in the computer and ask what we do
. with the numerals there., (We subtract 2 from 8.)

X
Write in the/result below the bottom line of the computer
in the 70 column. Enter the differences in the T| and T2
places in the same way. Ask the children to compare the
computer w1th the original problem to see if they notice
anything interesting about the placement of the numerals.
(The numerals in the computer are in‘the same places as
the numera}s in the problem.)
Erase the ;mes that separate the start and subtract levels
of the computer and ask:

» HAVE LiCHANGED THE PROBLEM BY REMOVING THESE
LINEs‘g " (No.)

|
Erase the!start labél and ask:

IF I TAKE {\WAY THIS LABEL, CAN I STILL TELL WHICH
NUMBER I.STARTED WITH? THAT IS, CAN I TELL WHICH
NUME}ER I WANT TO SUBTRAUT FROM? (Yes, it is
always on top.) »

¢/)
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Discuss the original problem
5“--~ LT ’
IN; THIS EXAMPLE, \yHAT TEI'.'T..‘S“TIS@HA JE ARE GOING TO !
s SSTRACT THE SEC%’E NUMBER FROM THE FIRST?=H&

\DO WE KNOW THAT SHOUL]\DN'T ADD THESE NUMBERS? oo
(The minus sign tells us“o subtrkt ) CAN WE REPLACE Py
AN
T mrworp SUBTRACT IN Z’)qg_z COMBUTER WIPHTHIS™ of

© STON7T{¥es.)___ o \ Pro
—""'Evn \‘Q\:"
Erase the subtract label and *eplace

W&u%@ﬁgn N
Draw-\ﬁxh.qe beneath the lower numerals ofuythe pro
separating them ﬁ"'ém“"‘h&@ ace for the ans\v%B{‘NM

Explain that nothing has been changed by altering the com-
puter. Verify this by again subtracting the numerals in
each T place. Have several children do }Sroblems at the

board using the simplified chari‘:. ; P}

When you are sure the children understand the use of the

. chart, ask: . /
. e
CAN WE SHOW WHAT WE DO WHEN WE SUBTRACT WITH- "X
OUT USING THE CHART‘? LET'S TRY. fm’"“%
Write a problem on the chalkboarddn vertical form &.:for “3\._.&
example, 633 - 502, and subtract-directly. Re‘ﬁﬁ‘nu»themm %
o ‘_\i:m,- SN 1A &ihm..wﬂk‘
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children of the place value subtraction: that is, 6 - 5=1

1sreallL6T2—5 Nsoo-soo 100. 6-5=11is R
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" —_Lesson 10: SUBTRACTION WITH REGROUPING IN VERTICAL FORM

-t v > W

"o . In this lesson the students use the subtraction chart to help
o, " . them with problems involving regrouping. Then they learn to

Ny use the vertical form to solve subtraction regrouping problems

\’\
%
tw,

MATERIATS

mmmm&mﬁmw%mm% — Worksheets 27, 28 and 29

W\“M‘m

- = .= shedUOR8 x 11" paper for eagmd®ird
/{— o \mf‘ﬂ“’ 3
_ et ,
: PROCEDURE

~

Activity A.

Draw a subtraction chart on the chalkboard and pose a prob-

. lers which involves regrouping, for éxample, 482 - 265, Ask
the children to copy the problem and solve it using a similar
chart they can draw on a sheet of paper,

R
S -—

N 489\, ' :
-5 ~| 6 5

The question of how to subtract 5 from 2 will arise.

Review subtraction regrouping with T pieces. One of

the next larger pieces was remcved and exchanged for

10 of the needed pieces. Expiain that since we cannot

\\ i subtract 5 from 2, we must take a T piece away and ex-
\\ . change it for 10 7O pieces. Cross out the 8 in the T! place

63
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and put in a 7 so that everyone wj:il know we have taken ! T!
away. Emphasize that you take the T! piece from the top ~

number, the one you are subtracting fionr, and notfromthe——
bottom number. Then, on the chart, add the 10 TO to the 2 T0
. already there, making 1270 > Now we can take 5T0 away,
leaving 7. Subtract in the other places, reminding the chil-
dren to subtract 6T! from 7T!, not from the 8T! that is
crossed out, Your completed chart should loo[g like this:

w2

)
o

2 o ¢ 40

g2 4 4
'__:& _ oL 6 - A5 N
L /7

Activity B
Explain to the children that we do not need the chart to do
subtraction that involves regrouping, Do a sample problem

with the class using vertical form, but stressing the place
value of each operation.

As you work the problem,
point out the place that .
. needs more numerals (the - -
T0 place in this example),

Cross out the numeral you
will take 10 from (the 2 in |
the T! place). Write in - 346
the remaining numeral-(1) ) -217
;to remind yourself that
you have taken away | T!,

()

'f
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Remind the _children that the
| 7! or 10 must be added to

T

. the TV place. Show them how | 10+6= [b
you wrote this on the chart: 32¢
cross out the 6 and write = -217

above it, 10 +6 = 16, Now
the children know that they
can subtract 7 from |6.

— Tell the children there is a
‘-\F\sh way to indicate re- [ —
E gmﬁm&pl@ LR
We- can do the addition in -217
our heads (10 + 6 = 16) and

only put down the sum (16).
T

"Now ask:

CAN ANYONE THINK OF AN EVEN SHORTER WAY TO SHOW
THAT WE HAVE REGROUPED TO THE T PIACE?  ,

If no one thinks of it, show

the children that they can

write a | next to the 6 to 3 léls

indicate - 16 rather than cross -2 17

out the 6 and rewriting 16,

The children should learn to
- do the problems this way,

Be sure the children understand that when they regroup a 7!
to the TO place, they are adding 10 to the number already
in the TO place,

Complete the problem, Now have the children work several
g ‘ problems, preferably without the chart, If théy need the-
chart let them use it for one or two problems. Then each
- child should work a few problems without the chart before
going on to the next part of this activity. Write problems
like these on the chalkboard in vertical form: 47 -39,
627 - 243, 250 - 135, Go around the room checking work
i or let a few children come to the board to demonstrate the
\
|

subtraction regrouping procedure,

()
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When the children feel confident about regf’ouping, pose a
problem on the chalkboard that involves regrouping in more
than one place, for example, 322 - 158. Work the problém
with the class, letting them tell you how 'to proceed.

If some children are confused about subtracting in the 7!

place remind them that they must regroup from the next larger
place. They must take | T2 from the T2 place. A T2 equals

10 T!, so they add 10T! to the number already in the T! place.

Actiwvity C

Have the children turn to Worksheet 27 and work the first
problem or two with them. They should be able to complete
the rest of the worksheet themselves. Worksheet 28 provides
z more practice with subtraction., Encourage the children to
become efficient in using the subtraction algorithm with prob-
i lems written in vertical form rather than depending-on the
subtraction chart. ,

©

The practice and test problems on Worksheet 29 should be
used for one 'week. FEach day the children do the practice
T N problems and then you give them the test problems.
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"Wegs o <. =", Lesson |1: ADDITION AND SUBTRACTION GAMES

Games and a worksheet give the children practice with

~ "addition and subtraction problems, The games "Fast Math" o
and "Mental Arithmetic" can be varied and played as often v
as you wish,

. MATERIALS - S : a , N

— Worksheet 30 ' ' e

PROCEDURE

LN »
Activity A; Fast Math

\ . Divide the class into two teams. Each team may select a |
name, for example, "Control" and "Chaos." If you have an
odd number of children, ask one to serve as Recorder. Seat . .
each team so that the first person on Control is matched with ] i
the first person on Chaos, etc. Since the pairs will be com- T L
peting, match children of equal ability.”

<

=

‘ The first pair go td the chalkboard, staﬁr:g\on either side .
of a scoreboard drawn there. Give the pair a problem. Y
- Both are to write the problem, add it, and record the answer. o
' > The first,to write the correot answer wins a‘team point. The -
point is recorded on the scoreboard under the team name. T
" When they have finished, the first pair return to their
desks and the second pair go ti'irough the same prodedure; .
This continues until everyone has done a problem. Play . .
the game again, this time using subtractlon problems. S
You may want to stop during the game to discuss any prok-
lems that arise. Such d1scussions car‘ be a good learning
- experience.’ Children who aré. slow-writers will be at.a
disadvantage, but may find they c¢an still win by doing the RPSS
computation rapidly. Both their writing speed and computa-
tional skills may benefit from the competition. :




PAFuiToxt Provided by ERIC

Activity B:; Mental Arithmetic : «

This game can be used in several ways. f:hﬂdren who ﬁpl
their work early can get together in smaggroups to play 'éa,
round or two. You can divide the childr n into-<teams ac-

cording to abilities and needs, and assi;n‘ the problems ac-, \\‘

cordingly. Chzldren Avho need remedial work should be es-
pecially encouraged to play the game on their own. . For
another variation, altemate addltlon and subtraction problems
durmg the same round. "

<

Lty
The Mental Arlfhmeuc game from Lesson 3 can now be expand—
ed to include subtraction. ’Pose problems such as,, 7 - 2,
825, ll‘ - 9. “When the children ' >come oroflclen at add-~
ing and aubtractmg mentally, |you can vary the game\by ask-
ing problems that involve two/operations,. such as
10 -6+ 3 and 8+ 10 - 8. Ydu can use this actwn:y during .
unstructured time, for exa ple, when the children are 1 Qing
up to leave the room or when they are getting out new '*
materials,” Spend no more thaﬁn two or three mmutes eacﬁa‘z
time you play. : ‘ K

¢
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. Activity - C ‘
Worksheet 30 giyes the, children practice in recognizing
addltlon md subtraction combBinations which y1e1d 10's or
’ - lOO's. As the children complete the worksheet ask them _
if they cén find a pattern-that helps them finish the problems \
-3 ter,...w he pattern in the first problem as'
4468 +  3+7  + \8+‘2\,\\ = 30
N 10 j 10 10
— \ :

~ R - b,
N . ::) .-‘-’N(".‘,.—-l 4 \\-.
- y—\\'.' T e k] Sorimbest 30~ Name
[ £ Untt 3¢ N
; \ /-?1
f T ° ;
s - v /j M or subtract.
/V
| g
‘ - f b]
s T e e b 4 + 6 +3 + 7+ 8.+ 2330
i
;{é‘
H w‘wwo‘co‘vo‘ao»ao‘zos °
AN
. P N °
‘4 \ IS
"n
. d & ~
L] ) [~ . 100 ¢+ 200 ¢ 300 = -
: ou . o

‘T&;@v&?emore practice w1th these types of combmaKons,
use snnilar problems during the Fast Math game. N

10‘30‘30"0- ©§
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PURPOSE

— To review units of measure and notation for these units.

— To observe the relationships between units in each system
.- . of measure and compare them with other systems of
relationships (place value systems, etc.).

— To establish a feeling for relative size among some
" common umts of measure,

.COMMENTARY ‘ L. - -

In Section 3 the students investigate several systems of
measurement, Physical representations of these measures
are used to establish a feeling for the size of each measure
and for the relationships between the measures. The chil-
dren should be encouraged to play and experiment with the
- materials during free time, ) ’ )

The study of measures of volume, length and time ‘duration
is included here to emphasize and contrast the relationships
among the units in each of these systems with those of our
base-ten numeration system. The relationships between .
measures of volume are regular, as are the relationships
between place values in the base-ten numeration system,
The relationships between measures of length and time are
not regular. These similarities and differences should be
emphasized,

Lesson 12 deals with the measure of liquid volume, The
units that are studied include the half-pint, pint, quart,
hali~gallon and gallon. The children set up a base~two
computer to help them in the addition of the units of liquid
volume measure., The students draw concept tree diagrams

° to Ulustrate the relationships amnong these units, Lesson
' 12 will take two class periods. You must supply one half-
gallon container and one gallon container. -~

In Lesson 13 the children study the British system for mea-
suring length, They compare the British system of inches,




— =,

feet and vards with the metr\iE“system and find that the
relationships among the metric units are regular: each unit
is ten times as- large as the next smaller unit. The chiidren
make a concept tree illustrating the irreqular relationships '
among the British units. The children do not set up computers
in this lesson, but feel free to encourage them to do so on
g their own, As a class the children should discuss how these
computers would work even if they do not actually set them
up. This lesson will take two clagg! periods.,

Lesson 14 is an investigation of the measurement of time
duration. The children make physical representations of
seconds, minutes and hours-to illustrate the relationships
‘amony these units. Enc‘o\urage the children to discuss how
a computer for time duration would add amounts of time.

. . They should be encouraged to set up such a computer, or at

” least make up the rules for it, even though they do not act- - *

ually set up the computer in this lesson. The lesson will
take one class period. ' ST

The abacus may be used to provide a representation of the
relationships that exist among the units of measure in these . -
measurement systems. For example:

o

O
W B .
> AR W
e
. T3 T2 I 70 : -

DA

Section 3 attempts to emphasize the relationships among
units of measure within any given measurement systém.

In all of these investigations, the students should be
encouraged to finish the following statements: units
of this size are equal in value to one unit of 'the next larger
size. ‘

72 .
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Lesson, 12: LIQUID VOLUME MEASURE »
Though ‘mexs. of the world uses metric umts to measure lig-
1 uid volume, the United States uses the half-pint, pmt, B
' quart, half-gallon and gallon. o this lesson the children
o inizestigate the relationships among these common units of
liquid measure. The lesson should take two class periods,

o

O ) In Activity A,_the‘ children study the relationships among the

-t half-pint, pint, quart, half-gallon and gallon containers.

" In Ac:ivity B fhey(build a base-two computer that adds
volume measures. These two activities should be done the
same day. :

- ) Activity.C is optional, depending on whether or not your
i ' class neéds more practice in adding with a base-two com-. J—
. puter as they did in Activity B. You may wish to use.the - )
. . - agtivity for remedial work with some children or as a ten-
- ‘ ) -minute review at the beginning of the class period on the

second: day.

- . In Activity D the children make a diagram called a concept
tree which provides a visual representation of the relation-
ships among the different sized containers.

% . - ~ : e

N . A tu;”e schedule for this lesson could be: -
. ) Day }: Activity A- 10 minutes
Activity B 20 - 30 minutes
' ; Day 2: Activity C {Optional or 10 minutes if
v . . used for review)
o activity D 30 minutes ;

MATERIALS

[N

- desk labels marked "Gallon, " "; "%-gallon, " "Quart,"
"Pmt ol plnt" and “Bank“

~ containers (with sizes labeled): 19 half -pint, 9 pmt
¢ 4 quart, 2 half-gallonand | gallon

R ’ 8 1 °
¢




— masking tape
— water dipper or cup
— yarn or string
b .- water\
+ = 10 - 20 slips of paper )
Q <. large bucket or pail and a sponge (Optlonal)

Worksheets 31:- 35 °
PREPARATION

For this lesson you or the children should bring in one

half-gallon container and one gallon container. Before

the lesson, make one each of the desk labels mentioned —™

in the Materials List. Using masking tape, also label

the size of each container. Place the containers on the s
table you will be using for the bank. The children will

need a supply of water for this lesson, If you do not have

"a sink, have a bucket of water in a place that is conven-

ient for the children. Since there is bound to be-some spil-

ling, have a sponge ready.

T

PROCEDURE

Activity A

This activity illustrates relationships among the various lig-
" uid measures. The children will have an opportunity to
handle the containers and talk about the relatlonshlps they
.discover. The activity serves as an introduction to units of
volume measurement and will provide an opportunity to com-
pare a base-two system with the base-ten numeration system,

" Place one labeled container of each size or a table. The
water supply should be nearby. Have two students come to
the table and assist you. One student will be the Experi-
menter and ‘one will serve as Recorder, Write the title,
"Liquid Measure, " on the chalkboard. In a.c¢olumn to the -
left on the board write "1 pint," "1 quart;/," i -gallor:,™ and
"] gallon."
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___copy: of the liquid Tigasire "

Sew

worksheet 33 Nwme e -
Unit 24

tiquid Measure

Have the children turn to :
“ Worksheet 31 which is a i

tnt, Pint, Quart, %(Allm. Gat ton

e e e

——— L

charf you ha<e dfawn on the

_chalkboard. The children _ ol '"* [« [TV
" at their desks will fill in
~ 'thé workshget as the Experi- Paunetx [TTY
menter and Recorder demon- [—J !30

strate’at the front of the - - L
allon 2 § ~
room. Explain that the Re- 28 D

corder will be responsible

for entering information on ! mtlon = -

the chalkboard chart.

Give the Experimenter the half-pint container. Then ask
the class: :

HOW MANY TIMES WILL THE EXPERIMENTER HAVE TO
EMPTY THE HALF-PINT ‘CONTAINER INTO THE PINT CON-
TAINER.IN ORDER TO FILL THE PINT CONTAINER?

[

.,
s,

Guesses may vary. Have the Experimenter fill the half-pint
container with water and pour it into the pint container. The
other children in the class keep track by counting each half-
pint that is poured into the pint. Each child draws a repre-
sentation of each half-pint on his worksheet. The Recorder
- draws’and labels a representation of the half-pint container

89
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on the chalkboard to the.right of the one-pint measure.
Each time ;the Experimenter fills and empties the half-pint

container, the Recorder and children at their desks should. ~._

- sketch and label a representation of the container. When .
the pint container is full ask: -

HOW MANY HALF-PINTS DID IT TAKE TO FILL THE PINT
CONTAINER? (2.)

<y

The Recorder should repeat this as he checks his diagram,
o (Reading from left to right, "one pint equals two half-pints. ")

Now use the pint container and ask the class to guéss how
many times the pint will have to be filled and emptied into
the quart container. Follow the same procedure using the
.quart to fill the half-gallon and the half-gallon to fill the
gallon. The Recorder and the children at their desks draw

e and labe!l representations of the containers., The chart should
look like this; C o

- Ask the children to imégine a computer set up to add volume
measures,

° o

WHAT WOULD SUCH A COMPUTER LOOK LIKE? (There

. would be five desks labeled "%-pint," "pint," "quart,"

’ "%4-gallon" and “gallon.")

(You should erase the liquid measure chart at this time.)

.

ERIC

Aruitoxt provided by Eic:
.4

v
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Draw a chart representing this computer on the chalkboard.,
Tell the children that last week you bought a half-gallon of
milk, a quart of orange juice and a half-pint of whipping
cream. Write these amounts in the top line of the chart. -
Have the children tell you where each numeral goes. Then
say that yesterday you bought a quart of milk and a half-
pint of coffee cream. Put these figures in the chart. Then

- ask the children the total quantity of liquid you bought, but
do not write down their answers,

&

N =

@
<[
e~

°

OUR COMPUTER NEEDS SOME RULES TO TELL IT HOW
TO ADD LIQUID VOLUME MEASURES. LET'S SET UP‘A
COMPUTER AND MAKE UP THE RULES SO THAT IT CAN
ADD THE QUANTITIES IN THE; CHART.

i

Leave the chart on the beard anc% go on to Activity B,

Activity B ' °

Briéfly review how the T piece ¢omputers were set up.

- (Desks were labeled td represent place values and children
were selected from the cldss to act as Recorders’; Program-
mers or Computers.) Recall that the computer did only.what
it was told to do. Emphasize that it was necessary-to make

« certain rules for the éomputer to follow. The rules were;

g

Rule 1, Each place could accept only one ﬁo of piece,
' %




Rule 2. Each place could not have more than nine-
pieces, (If there were more than nine, ten
pieces had to be traded in for the next larger
piece.)

Rule 3. Each place must tell its contents to.the Pro-—
' grammrer when he calls for it. ¢

Have five children push their desks together in front of the
room. They will act as Computers. Bring out the desk
labels and masking tape. By studying the column headings
the children should be able to tell you where each label is
to be placed. Tape the labels to the desk as the children
locate the proper positions. Give each child a few small
blank slips of paper. :

Select one student to serve as the Banker. Have him ‘come
to the bank and group the containers according to size Wwith
the smallest containers on the right side of the table. {The
containers should already be labeled.) Ask the children if
they agree with the grouping and ordering the Banker has done.

ARE THE CONTAINERS GROUPED IN ORDER ACCORDING
TO SIZE? (Yes.)




ERIC

Aruitoxt provided by Eic:

R

Ask the ganker to read to the class the label on the smallest
container., Point to the title in the right-hand column of the

‘chart on the chalkboard. The Banker should continue to

read the labels on the containers in each size category as
you point. to its place on the chart. Then ask:

SHOULD WE FEED T PIECES INTQ. OUR COMPUTER?
(No, we should use half—pmts pints;’ "quarts, ‘half-
gallons and gallons.) ‘ i

Choose a Recorder and two Programmers, Have the Recorder
read the qdant1ties in the first row of the chart (one half-pint,
one quart and one half-gallon) while one Programmer gets the
container correspondmg to each measure from the bank.
These containers_should be filled with water and put in the
proper places in the computer, //

"
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The other Programmer sliould then gn to the bank and get t)e
‘containers that illustrate the amount’s for. the second: row as
the Recorder reads these quantities, The Programmer fills
these with water and puts them. in the computer. Now the
computer must find the total, Before it can do so, it must

~ have a_ set of ul/s to follow. Keeping in mind the rules that
the addltion and subtraction computers followed, ask.the R
children to sug‘éstqules for this computer. These should - h

include: . ‘ :
Rule l:. : Each place in the computer can, accept only
: v one kind of unit. . f
Rule 2, The computer counts the number °of containers .
in each place. " , Cr
Rule 3. The computér feeds out the number of.units in :
' * each place,
ANhen the computer follows these rules 1t will feed out these .

totals. (Write them on the chart.)

1 .
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Suggest a rule for the comhuter to regroup:

Rule 4,°  If any place in the computer.contains enough .
of one kind of unit to form the néxt larger

unit, it must exchange the correct number of e
,Smaller units for one uiiit of the next size v
and put that unit in the .proper place. . /
» N 4 ’5, )

. c(_f s ix
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. filling the smaller containers with water and then pouring

deterniine for sure how many smallercontainers equala

’

Remind the children that in the T pleces computer, 10 pieces
of one kind wére exchanged for | of the next larger pieces,
But this computer is different. Lead the children to suggest

the water into the larger cont&iner, In this way théy can

o

larger one. >

There are two half-pints in the computer, so the child at that
place asks the bank for the next larger unit, one pint; He

pours one of his half—pmts into the pint container and dis-
covers that the pint contdindr ig only about half full. If he .
thinks another half-pint will fit into the pint, let him pour it -.
in. He will see that two half—pmt.: equal one pint. Then he
puts the filled pint container into the proper place in the com-
puter and returns the half-pmts to the bank. Emphasize that
two half-pint containers hold exactly the same amount of

water as one pint container, that is, these two measures are
equivalent. (If the two half-pints did not. completely £ill the
pint container, have the children speculate as to why they

did not. Perhaps the two half-pint containers were not com-
pletely full or some water may have Spilled while the child

'was pourmg )

The lqst rule for this comput%? should now be revixsed to say:
. -4 . N
Rule 4. . Iftwo containers aapp\ear“ in-any one place at
the computer these two must be exchanged
for one of the next larger containers. An ekr
ception is grilon's placé which can hdld mére
than two containers.

-
»

The child at the quart place of the computer exchange.; the ,

two quart containers for one half-gallon container. Agam .
emphasize that these are equivalent in’ volume._ When ‘the
new half-gallon container is pfit in the proper place, two

half- gdllon containers can be exchanged for a gallon con-=

tainer. - ; : , . ) . e
. ¢ . ;’ A°

a

The children at the corﬁputer, .'starf:ing with the halfrpint'
place, fead out the numerals 0, 1, 0, 0, I+~by writing them

, : .
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. o on slips of paper. Each sllp should also be labeled with

. the place value. The Recorder f1.lI{_§ in the chart. orl,the‘
chalkboard. v - -

A
A

Choose other children to Operate the computer and work/d
few more problems. The children should learn to discriminate.
. visually among the sizes of the containers, soremove the
labels ae soon as possible, . ) .
) 4 ¢ N )
While the children. are uéiﬂd the computer to do problems, ,
discuss with them its similarity to the addition and subtrac~
tion computers shey'used that were ba se-ten computers.
The rules by which tho.>e computers and this one operate:
. are the same except that this computer must regroup when
it has two or more containers in a place. The base-tén com~
puter did not regroup until it had ten or more xJleces ina
- place. Let the children discuss the idea that thlS computer
.could be used to add and subtract numerals using dany: base, °
with only slight changes in the rules to allow for~regroup1ng
in the proper base. ° ° :

* »
- .
o

Activity G _
' In this activity the children do more addition problems with
volume containers and the computer, If the children in your
class did well on Activity B, you can omit this act1v1ty, or

L4

perhaps go through the procedure once as. rev,lew before start-

ing Activity D, . Vel . . e

. Place all the containers lljted in the beginning of this les~-
son pn'a table. -Pesignate fiye desks to be the’ computer :
and label them with the placel value names, The children
at these desks can serve as Computers. Select a child to

* " be Recotder and have him draw a dlagram oi*the computer
- on the chalkboard, The children who do’ nQt have a role |
should act as Repalrmen watching carefully to see that vhe
containers are fed into the proper places. Ra ndomlv.distrlb—-
. ute™w,, & container to each Repairman, Call on thred students
to "fe xd" the containers they have into the computér one at
a time at the proper place, It is 1mportant that no two chil-
dren you call on have the same size confa 1ner. Q '

4
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The Recorder should write on his chart in the proper place
the number of containers that have been entered cr fed
into the computer., For example:

@

Q

-~

Y

1
2

P.

-+

~ Né;‘

/

P
O

/

Call on two to fcur more children to feed their corrtainers

one at a time into the computer,
in the secqnd part of the problem on his diagram,

7+_

@

- P

-

1
oP

*

0,

/

The Recorder should write

%

Now that the t:omputer has been programmed have each

place add the number of containers it has,

Remmd the Com-

puters that each place must trade in its containers if it has
two or more, If a place needs to exchangé two of its con-
tainers for the next larger, that child should find the proper
container on someone's desk and exclange it for his two. .
He should™take the larger container bagk to the computer and

put it in the next larger place. Whil€ the computer is re- .
grouping, the Repairmen should watch for errors,” You may

want to allow the person finding an error to replace the person

who made the mistake. :

9 4



&7When the computer has finished its aomputation, the'Recprd-
.er calls on each place to tell ite answer. The solution to -
the sample problem is:

‘e

.
1

o - In some problems the gallon's place may end up with more "/
. . than two containers. Remind the children that the number of
. gallons can go over two without regrouping. (A barrel is »
*usually a 3 14-gallén container and a hogshead is a 63-gallon
container, but the children do not need to, know this.) S

Y

. Have the class do several problems following this procedure,
. Let different children operate the computei each time so that
A———/ 3

o evez‘yone in the class gets a chance.
a““ * .
- > Gl ' N
84 .
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Activity D | .

Q

Lo

children used concept trees - nit 2¢

’
.

%

In Units 2, 8and 2 the

Yorksheet 32 Nawe

PRSETE———

to classify curves and sort -
sets of objects into-Supsets.
The relations among the
various liquid measures can
be described by building a
concept tree.

A

ladf=tallons
Callons

Half-Pints
Pints
Quarts

Place:!9 Kalf-pint con-
tainers in ‘:9 row on a -
table or onithe floor. Have
the children turn to Work-
sheet 32 wFuch they will
completé ag you demon-
strate. The nask°

Congept Tree

HOW MANY HALF -PINT
CONTAINERS DOES IT
TAKE TO MAKE A PINT | -,

~» CONTAINER?

¥

(1t may be necessary to recall the regrouping the children

did in Activity B.) Then place one empty pint container in
front of two half-pint containers in your display. Use yarn"

or string fo connect the two half-pints to the pint. The chil- ,
dren should draw a pint container on their worksheet that

" . depicts the same relationship. They should draw lines to ,

the pint container.

%

HOW MANY’ MORE TIMES CAN WE SHOW THAT TWO HAL; -
PINTS MAKE A PINT? (8.) :

Have a ch1ld come up and put 8 pint containers in the proper
relationship to |6 half-pint containers in the display. Again
he can use yarn to connect the cpntainers. Similarly have .- .
the children draw eight more pint containers each in relation

l.».s’.’
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N ‘ | '
to two half-pint containegs on the worksheet and connect
them.with lines, .

1

Note that one half-pmt container is left over and g:annot be
paired. Ask the. class* .
HOW MANY PINTS DOES IT TAKE TO MAKE ONE QUART?
(2.)

Select another child to come to the display and depict this
relationship, He should place one quart container in front
of each pair of pint containers and connect them with yarh,
The other children represent the relationship on their work-
sheets by drawing four quart containers and connecting each
quart to the two pint containers it equals, Again, one pint

N ENa
LUV




cannot be, paired, Follow this procedure and combine quarts

. to make half-gallons and half- galions to make a gallon, Have
the children complete Worksheet 32 as’you complete the dis-
play. The completed display should look like tire diagram ‘
below. . .

eel  ree] L] Diee] el (i) e, [eme

| Gal.

Review the trée diagram and what it shows,

WE BEGAN WITH 19 HALF-PINTS. WHAT DO THEY
EQUAL?

Answers may be given in terms of pints, quarts, half-gallons
or gallons. ‘Accept all answers but be, sure that 1 the children
do not forget the pint and half-pint that could not be paired.

107
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IF THERE WERE MORE HALF-PINTS COULD WE BUILD
ANOTHER BRANCH FOR OUR TREE? (Yes.)

3

Continue asking the children what each level of the tree
- - equals in terms of the next larger level. Summarize the tree
diagram: ' ‘

WE HAVE FOUND THAT 19 HAI.F~PINTS EQUAL ONf
g GALLON ONE PINT AND ONE HALF-PINT.

- . qg B .
- // ‘ ) Help the children start Work-
Rorkaneot 2 e | sheets 33 and 34, Remind them
(if they forget)-that they must
Quange half-pints to lareer unite, Reaeaber the rute regroup when there are two or
' ) more containers in one place.
sallon 4 eatton quart pint Lot _ . Be sure the children understand
3 haif-pinte . 1]t how to use the concept tree to
« halt-pints ; " find the relations among the
. ‘ various units of liquid measure,
Thateeinte 4y BERE Have the class completé these
10 haif-pints o | , two worksheets and Worksheet
] * 35 by themselves.
¢ 12 half-pints P [
> .
~ ) 14 haif-pints, i 1 |
16 Malt-pinte |° : ] .
18 half-pinte 4 l
\‘P?“»

88
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Lesson 13: LENGTH ‘ SO

PN

This lesson begins with an activitythat presents a brief
history of measurement, It demonstrates the necessity of
standardized systems of measurement and motivates the
children to explore the two éystem_s that are injuse today.

- . The students compare the British and metric systems, and
are introduced to the units of measurement.used in each,
The first two activities should take one.class period.

In Activities C and E the children investigate the x?:eylation-‘
ships among the units of measurement, in the British system.
Activity D is an optional activity that encourages further
“investigation of the metric system_and the relationships

among its units. - ' Tt eI

MATERIALS

— foot ruler for each child

-

- yardstick for every pair of chi:'ldren

’

, — meterstick . -~

— paper .
- Worksheet 36 Lo : J .

PROCEDURE

AgtivityA ‘ ) )

— Before standardized measures were introduced, the lengths
,\_ % of various parts of the body were used as approximate mea- ,
\ . sures. In this activity, the children will use théir feet,

thumbs, hands and arms.to measure things in the classroom.

Explain to the'class that a long time ago these measures
were used: : )

yard = the distance from the
tip of the nose to the *
. end of the middle fin-
) ger on the hand of an
. L : " outstretched arm. ¥

g

104



foot = tfie"length of any !L E »
" available foot, '

0= . ] e

palm= the width of four ' :
fingers when the é} g
fingers are closed. . .

inch= the width of the %y : =
thumb. ‘

@

€ -

Have the children choose partners. For each measurement !
the children make, one child in*each pair should lay down -
the appropriate: appendage while the other marks where.the
measure falls, Have the: pairs.ke&p records’ of their mea~- ~
sures on paper. ‘ D

A%
'

- _.._Ask each pair to measure the width of a student's desk in
. palms and inches and record their results. Then have sev-
eral different pairs measure the width of the door in palms, -

- the length®of the chalkboard in yards, the length of the
radiator or. other object on the floor in feet, and the length
~— - -of-atextbook ininches. Choose children who vary in size

to measure the same object.

s
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- Have all the pairs that measured the same object read-their :
results, There should be some variety among the answers.
Ask why these discrepancies otcurred (people ‘are different . °
: sizes).” Lead the children to the ideg that a more accurate

system.of. measurement is heeded for precise measuring.

s u

Act1v1ty B . L

Tell the children that a long time ago peOple dlscovered
system ~of measurement Was’ needed Write the words
“British" and "Metric" on the_chalkboard and explain that
these are names of two systems_of measuremefit. Show-the
children a yardstlck and write "yard" ‘under the proper head-

_ ing. Explam that this is one of the measures in the British
system. Then show the children a meterstick, compare it’

* with®he yardsti¢k and write "meter" under "Metric." Ex-
plain that this is one of the units in the metric system.

-

R . -~ W o N
* Write the other units of measure used in each system be-
neath the proper heading. . Ask the children to examine,

. these closely and tell you how many of each'kind of unit i e
takes to make the_ next larger unit. As you enter the mea- 0
. sure, draw lines on the board to show the lengths of those -
measurements that will fit on the chalkbba'd The completed '
: chart is shown below. , . . \
. . ‘ \M - e
British’ Metric
. P} ‘ . .
12 inches = | foot 10 millimeters .. = | centimeter
3 feet = lyard |10 centimeters = * | decimeter |+
5280 feet = 1 mile | 10 decimeters =.- | meter .
. 10 meters o= | dekameter _
10 dekameters = | hectometer
. 0 hectometers = ! kilometer




~
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Point out to the children that the relationships among the R
metric units are regular, Each unit is 10 times larger than

the next smaller unit, Ask the-chirdren what a ‘computer

J’smg the_ metric system would look jike. Ask how r?any ,

metric units could be in each place of the computer ‘before

they would have to regroup. (9. If there were 10 units, the

computer could exchange them for i of the next larger units.,)

In contrast p01nt out that thé British units are not regular,
For example, three feet make one yard but. I2 inches make o
one foot. Ask the children to imagine a computer‘using the
* British system. Lead them to see that they would have to
- have a different rule for regroiping at each place.

n
.

Activity C . . : ’
Choosg an object in the foom, for instance ydur desk top,
and have a child measure its length in inches with a yard- . )
stick. Have him write the length of the object in inches on .
- the chalkboard, N

<
- 9

Then have each student take a blank sheet of paper and I R
‘make the same number 'of dots as inches in the object along .
one edge.of the paper. You should represent the inches with .
‘dots on the chalkboard. Then ask how we could tell the . .
number of feet.n the object (Connect every 12 inches.) ’ .
Draw lines to make a tree diagram which illustrates that . .

: every twelve inches are equivalent to one foot, and have -
the children do the same on their papers. When they have
finished, ask them to count the number of feet and remain-
ing inches on the1r charts.

In the tree diagram below, there are 38 inches or 3 feet, 2
inches; or ohe yard, 2 inches. v

- *
™
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Have the children choose two other objects to measure. RN
Ask them to make diagrams to represent the lengths they o 2l
find in yards, feet and inches, The children may choose ‘ )
'to measure and compare their own heights,

.
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Activity D N : : \

This.activity is optional. Repeat Activity C lsing the meter-
stick for measuring lengths. Have,the children draw a con- ,
cept treé to illustrate the length of object they measured., - .
The completed tree will* show the regionships among the -
units of measurement in that system. Compare these with = -
‘the relationships amonf éh‘g\ British system of measure,

* . u ",ﬂ
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Act1v1ty E ‘ -- ,

-

-

E

In this activity the children have the opportumty to practice
their measuring skills. Work&heet 36 provides a list of -
thmgs tc be measured. The children should measure each
< item to the nearest units indicated at the right of the work-
sheet. For example, the width of a window is to be mea-
sured to the’ nearest foot while the length of the chaikboard
is to be measured to the nearest, yard tlave the children
work .individually ‘or in pairs. } :
The last four.lines on the worksheet are blank so that you
or the children can chaose some items to measure, Ask
each child or pair of children to decide which unit of length
to use to measure each object. After all the- measurements
have been taken, children can check with each other to see
'if they found the same measurement for each object. . Have
" them justify the appropriateness of the units they choosé"
for the 1ast objects < . .

e Yo s ’ i
. ‘ Yorksheet 36
v thit 24

Meaaure. Use s ruler or a yardatick. ‘ .

Length of the teacher's desk fruler) _ - - Leet
width of lhe room, (yardsiick)

width of one window ‘¢t zuler)

- "

) . i ’ fenath of lhu worksheet lruler - inches
wtdth ofwy_ourguk (ruter}
Length of a table trutenl
M Length of the chalkboard tyardatick: _ yards
* . N s ¢ . -

s

¥rite In the object, tte measurement, And«(he unit yow
seasured with, N

s . <

v,
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I:e§son 14; TIME

PROCEDURE | SN ’

A

Clocks measure tinie in seconds, mmutes and hours. We
*also use day, week, month year and century .to describe
units of time. In-this lesson, the children investigate
relationships among some of the units of time measurement,

.

v

MATERIALS : ' e

’

= 2 or 3 sheets of paper per child
— clock with second hand '

—- masking tapé

> = Worksheets 37 and 38" T e

A0 . “ “«

Actwniy ) ) o

Discuss with the chlldren the relations among some of the
units of time measure, As variQus units are mentioned,

list them on the ch'alk/board. Your list might include: ' < .
60 seconds = | minute 365 days =l year - .
.60 minutes_= ! hour 366 days = | leap year :
24 hours =, | day 100 years = 1 century -

E¥
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We are acc‘ustomed‘to watchmg a clock to determine .the

passage’ of a certain amount of time, It is interesting to : ¢
try to judge’ sOme amount of time with our eyes closed. .

Tell the children that théy will try to judge when 60 seconds

have passed. : ) ) N .
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Ask the chlldren to close their eyes and keep them closed
for 60 seconds stam.ng when. you say "go." Tell them to
» -open -their eyes when’they. think the time has passed. When
" ' they have their eyes closed you ‘will be wrlting numerals on
the’ challgboard to indicate the number of seconds thathave .
. lapsed. Start writing 5-second intervals after }5 or 20 sec- oo 2
.onds have gone. by.

As each child opens his eyes he hotes L
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.the numeral you have just written to dlscover how long he
actually had his eyes closed. Caution‘the children not to .

- talk after they open theif eyes so they.do not give away the

time, There will probably be much variation in the am ount
of time the children keep their eyes closed.

Ask the children if they think they Bould.come closer to
judging 60 seconds if given another chance. Repeat the
procedure three or four times to allow each child to mod1fy
his techniques for estimating the length of a minute's du~

'ration, After a few trléls you may want to ask those chil-

dren who came close to 60 seconds what methods they
used to make judgments; but do not spend too mué¢h time
on this. + = . - .

Give each student two or three sheets of paper. Appomf one
child to be the clock watcher. He is to call out each sec-

is to start hi§ count and each child is to make Jne tally per.
second for 60 seconds..on the edge of one sheet of paper.
Some of the children will need to use a second sheet of
paper while others-will crowd all their marks into a small

ond in one minute. {iWhen you say "go, " the clock watcher

. space along the edge. -Point out that these differences do

not matter; each child's marks represent:one minute. - »

.The children ca{ illustrete that it-takes 60 seéonds to maké’

one minute by drawing-lines to show that all the second

tallies produce one minute-tally.
«60- .
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Ask: ‘ _— <
HOW MANY MINUTES DOES IT TAKE TO MAKE ONE HOUR?
(60.)

HOW CAN WE USE THE MINUTE REPRESENTATIONS WE

HAVE MADE TO ILLUSTRATE ONE HOUR?
Allow the children to give their ideds, and then suggest
that an hour ¢ould be illustrated by taping 60 minute repre-
sentations to the chalkboard. Have the children bring their
minutes to you. Since there will not be enough to repres ent
an hour, have'the class repeat the procedure to generate
more minute representations.

When 60 minutes have,.been made, the representation of an
hour can be constructed by.taping them to the chalkboard
and connecting each orie'to a central point with chalk lines.
This procedure may seem to be busy work, but do not hasten
to drop the activity. Although students have occasion to
discuss the relationships that exist between units of time
measure, they seldom see these relatlonshlps other than on
a clock face.

<
g

Ask the children how this system of time rheasurement would
work in a computer, Point out that there are 60 seconds in

one minute and 60 minutes in one hour, but there are 24 hdurs

«in dne day. The children will see that a computer would need
one rule when regrouping the seconds and minutes, but it
would need different rules for regrouping hours inté days_ ’
days into weeks, weeks into months, and months into years .
Ask the class to state these rules, If you have time, set up
a time measurement ¢computer and have the chlldren do some
problems that involve regrouping.
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"To review the relationships among time units, complete the
first part of Worksheet 37 with the children. Worksheet 38
reviews material covered in Section 2. X .
-3 . . \ )
Yorkstieet 38 Name
. « Yorkahest 37 Nase: nit 24 . : N
- ntt ¢ ’ R .

CGin you do thess?
Fill (n the blanka.

. K] . .
K . . . 3 hours .51 ainutes 4 feot 7 inches
- 450 + 2 hours 6 ainutes + 2 feot S inchwe
..b.Qchondl -_L-lnuu _..-lnut:l -_Lhour _b__—-hourl - _A_-Inu_"l _7——“.' R
."_’-houn = _L.dnx %Ayg’!_Lnnr " . " - .
. S 1 <
. 300 i g4 F yards £ foot 7 inches 8 Nours 3. atnutes .
TS yesre. X century . - Lyard . 2 foet 2 tnches -1 hour  %wimtes .
- : : Lysrd  Z2fest o5 _inches S hours Yo minutas
75 esconds =___alnute snd & eeconds, w“, ”
. ! 100 mtnutes a_{__hour and 20 atnutes, : -
14 days x_%_weeks .. Fill ‘fn the blanke.

26 nours =_!_days ané_2_nours. - < - S
. 1 hatf-pinte =1 natt-gettons, ] _pints and__[

- N hlt-pinta,
Johants ren for 2 minutes snd 27 secands and then he ”
B - Mich fs longer, & meter or & yard? _tater . |
rested. He' then ran for 1| minute and 15 seconde. How ch 181 €T i y o -
h - ‘ k (’:& t cond? _-Muvte b
10ng did he Pun altogetherd S MO sed 'V sard. . @ Which ‘l- more time, & sinute or a sa
~ ¥
M ' Wich holds more, ¢ pint or & quart? ﬂi—. N o
Mary picked respberries for | hour and 20 mintes in the s &
. . ’ Wich 1s longer, 3 feet or 1 yard? e
P morning and t hour and 307sinutss in the afternesn. Hew . e ‘ Y Y
A ~ 7 2
long d1d she pick berrias that day? >4ors s/ Dewrrs | . {_Izdch 1s sore tlnf, 1 hour or 7o llr\uuﬂm_. v N
>, . N ’ 1
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ml{ﬁ POURING SYSTEM AND THE BALANGE BEAM SYSTEM

PURPOSE * ' =

-

"= To int:‘roduce the childr'en to self-instructional materials.

- To prov1de the chlldren opportunity to analyze and compare
two dlfferent systems.

- To proylde practlce in usmg graphlng to analyze systems
ahd to store data !

' COMMENTARY

This sectlon consists of two booklet$ in the Student Manual,
both of which are designed to be read and completed by the

12N

students w1th a mmlmum of help fromxyou. SRR ,
- R Yéu w1ll want, to read throug the copy of the book-
. ) - lets with answers, but you should also compléte both'
- o . 6 booklets ‘on your owh to familiarize yourself with the
' .+ content before introducing them to the class. This
w1ll help you ant1c1pate problems the chlldren mlght

-

L encounter. . : .3
o , . : \\ 4 .
The specessary materials for the béoklets should be ..
« placgd: 4n'a cunvenient spot in the classroom. The Ny
students work in pairs. Each.child flllS in his own -y

answers m the booklet in his manual,

>y

-
.A-Nis Ao Jion e

Half the class begins with the Balance Beam System
while the other half begms on tife Pouring System .
because there is-not. enough equlpment for all chil= .
_dren to do the sampe booklet at'the;same time. As

each pair flnlshes one’ booklet, they go on to the
other one. Each boo should take no more. than one
week. Even 1f some chlldrerr do not finish in that
time, they must start onthe other booklet, They: can
complete the booklets in their own time if they wish.
These children who finish both booklets quickly can

*  spend thef remaining time playing the mathematical )
games from Lessons 3, 6 and 1. | L

‘ 1

,
<
I R A e N L

e MR



-

fa?s

2

L]

+

-

4, A letter to the students appears just before the
booklets in.the Student Manual. The whole class
should read the Ietter together. Each pair of -

students work togethér with the pouring and balanc—

ing, but each child should decide his own answers.

Then the two compare answers and go over the work,

if necessary, until they agree.

S. The students should work swiftly but carefully
through their booklets. You should check each
pair's work daily to be sure that they are not
making errors such as working with an unbalanced
beam, spilling water from a measured tube, or
writing ordered pairs incorrectly; You may want to

- walk-around as the students experiment, checking

' their procedures and written work.

Though the children may not have worked with self-instruc-

tional materials before, they will be working this way often

in third grade units, Encourage them to work out difficulties
they may have by themselves.

Because the children will have to bécome accustomed to

working on their own, the first job booklet might go more
;sl‘owly than the seqond.

Students.with reading problems mig ht be grouped together
so that you can help them get started on each job. At no
time should one student in any pdir be allowed to dominate "
the work to the extent that the other student doesn't get a
chance'to generate his own answers. If this 6ceurs, have
the children change partners.

} As the students pour water and balance the beam, they are
asked to find and describe many different states of the
systems in whlch : S

(’ -
a. The depth in either tube is a whole unit.

b.. The depth in either tube is riot a whole unit,
C. The beam is balanced.

d. - The_\‘beam is not balanced,

145
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Once they have generated these states, ‘the chlldren descmbe
them by one of these two techniques:

L. T A 1. Ordered pairs. The ordered pair that describes the
state of this system (the depth of the water_in-each
tube) is (7,3). For this example the children
would be asked to find and describe all thé states
, o ‘ of this system of 10 units of water, Other statés .
: ‘ would be (8,.2), (9,'1), (10,0), etc. .

, t . ¢
e T , 2. . 'Points ona grid. The children are asked to,find
. v . many different, combinations of places tb_har;g two
) paper clips .50 that the beam balances. They then
graph these. combmatlons on a grid. One point, that
descrlbes a. balanced State is at (20, 80). Later’
. ‘ ' an extra clip is added-and the children are asked to -
B - "find and graph balanced states of thlS new system.

Prven 3
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In the Pouring System booklet the children should discover
that when they change the state of a system, the total amount
of water does not change, If the children are asked to write
four ordereéd pairs for a system containing nine units of water,
they should discover that the sum of each ordered pair will
equal nine,

~

_With the Balance Beam System booklet the children learn
“that to balance the beam with two paper clips.,, the ordered

pair must total 100.. For example, if they are told that the
red clip is at 70, they can pred1ct that the black clip must
be at- 30. ’

clip when given the position of the red clip is to determine
how far from the center'the red clip is. If it is at 70, they
see that it is 20 units from the center. Then they will dxgcov—
er that to balance the beam, the other clip must also be 20
units from the center, at the “30 mark..

Ay
«

During later jobs in the Balance Beam Booklet the children
use three paper clips: one red, one black, and one station-
ary silver clip. When the silver clip is in position, say at
60, the children must determine where to put the 6ther two
cl1ps. They W1ll see that the distance of one ¢lip from the
center of the beam must equal the distance.of the other clip
plus the distance of the silver clip. In other words, the
distance of the cfip on ore side must equal the combined
distances of the two clips on the other side. The ordered
pair {10, '80) balances the beam when the silver clip is at’
60. The silver clip is 0 units from .the center and the clip
at the 80 mark is 30 units from the center, These two clips
are a total diStance of 40 units from the center. The third
clip at 10 is also 40 umts from theé center, so both 51des
balance.

40 : 30 \ NI
distance of red _ | distance of 4+ | distance of -
clip from center| black clip silver clip
of beam from center. " | from center

o

Another”way the ch1ldren can pred1ct ‘the position of the black- e
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In some jobs the children’are asked to write several ordered
pairs that will balance the beam when the silver clip is at &
certain point, say 60, After writing several such pairs, the
children are asked to add the numbers in each pair. They

' disco\;?hﬁ the sum of &ach'pair is the same when the beam

is palgMced and the silver clip is stationary.

MATERIALS . S , : L
~- for each pair of 'ch,ildren --

Pouring System:

£

~ 2 plastic ‘tubes, ll mches in diameter and 4 inches long
- measurmg cup
-~ butcher .tra;y’ .
~ masking'thpe . ' ) B .
Balance Beam System:

~ meter stick e . : e
-~ wooden block f |

-6 paper clips, (2 red, 2 silver‘\'Z black)

- straightened paper clip : '

'— masking tape

’ . -=forthe class ~~

- pail (optiohal) ‘ . S
PREPARATION o ‘

. © Straighten oné paper clip for each pair of children who will
PO . be working on the Balance Beam System. The clip will
‘ support the meter stick which acts as a balance arm,

. ~ L ] N i 1
.- : X : |

. g
- \

appears on page 126.

. S i ‘ A completed beam ba lagce
e . . L3 8 ) . 3
i ’ 104 - ’ i .
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Aruitoxt provided by Eic: N

Each child-working on the Pouring System will need two.
plastic tubes, 13 inches in diameter and 4 inches long,
For every tube, cut off a ten-unit length of centimeter

tape.

Tape it'to the outside of the tube, making sure

that the zero mark rests where the tube cavity begins

rather than at the base of the tube. For a completed tube,

see page 108,

.
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- Dear Student, ) o ‘ ' s s e Iy

Your teacher has told you to turn to either the Pour.u’ig bystem booklet

or the Balance Beam System booklet in your Student. Manual.” You and

your partner should work together in your booklets. .Read each page - .
very carefully and try to.fill in every “blank and to answer all-the ‘
questions. Be sure to discuss all,your ansWers with youf partner. .
If you and your partner dlsagreee the twor of you should'work the prob- §
lem again tc find the correct answer, " B < P

~

.

Sometimgs it may be hard to. fmd..the answer to a questlon. When
this happens, read+the question agam ‘Try working 'the problem a
&
different way: Don't go. to-your teacher unless you“and your part=
ner just can't find the ans wer. For' some ‘questions, there .may be v

more ‘than one correct answer 4 < s

.o “
[ * Vs 1 .

« From time tggtime, the teacher will look at the work you've done.
She will be®hecking to see that you have done the jobs correctly .
and that yoii are working as fast as you can. Each booklet should P
take ‘one week. If you don't get done’with one of the booklets .in ‘
tlme, you can finish it in your spare time. SN \ .

_Have fun, . g @ \

Sinc erely,

The Authors o
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