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total number
required to
teach unit

A

Complete List of Materials for Unit 5

(Numbers based on class size of 30.

item
lessons in
which item

is used

50-70 sheets Qiconstruction paper to make strips of 1,3,4,5,7,
varying lengths and colors, rectangle`a, triangles 12;14,15
'and -other shapes (can, be made M flannel)

1 flannel board 1,9,11,13,'
14

15 ***sets of Minnebars - 1,2,5

I . set of objects of varying lengths 2

15 * opaque bags (or lunch bags) , 2
, -.

10 sets of 10 twigs or sticks for each group 3

1 each 4i-- -foot red, 5 -foot yellow and 5i-foot blue
\

5, 5,7,9

and 4-foot green lengths of yarn or cord

1 0 L20 sheets of crepe paper (cut to-size)._ __ 6, 13

I icicle or popsicle 6

1 Slinky 'toy

I pencil 6

1 * length of heavy string or plastic tubing 8

5 -1 0 cans, baby food jars, etc. 8

2 * 15 -foot lengths of yarn of different colors 9

4 flannel. objecta, varying in size and color 9,11

30 !2" x 18" drawing paper 11

30 paste 11

30 scissors 1 1 , 1 3, 14

I cardboard playing-boards for ordering games 1 2

8 ** sheets of cutouts for ordering games 12

90 sheets of plain, white paper 13

30 bcpces of crayons 1 3, 14 , 18

I
***set of property blocks 14

30 each **Worksheets I and 2

50 **Works heet -3
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t, 16,18

20 *small containers, 10 Of one size, 10 of another 18
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3
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INTRODUCTION'

SUMMARY OF CONTENTS
0

The activities in this unit introduce the children to:

Rudimentary concepts concerning the space and time

* properties'of the child's world. These properties include

length, area, volume, .time duration and time order.
..

- Qualitative (non-numerical) comparit,ns of the length,

area, or vol me properties of objects, and the time dura-

tion and time order properties of events.

-.Techniques whi h will enable -them-order three or more

ob)ectt accordin to their length, or area, or volume prop-

erty, or events by stheir time duration.
)

- Ter-ms. tech as "great "than," "less than" and "appears

to be the same as" en used in the context of space and

44,itme comparisons.

COMMENTARY

This is the first Of a 'series of units dealing with measure-

me-nt. In previous kindergarten units`, children haVe had'

experience with describing and clas,sifying objects,by their

properties. The next step is to have them measure some of

the propdrties of objects. Often meaningful description of

an object can be given only after some of its properties have

been measured.

A measurement is generally thought of as an 'association of

a number with some property'of an object, but measurement

also includes a simple comparison of the properties of ob-

jects in terms such a's. "greater than," "less than," or "ap-

pears to be the same as.'; In this unit, only this qualitative

"(non numerical)' measurement will be used. 'Actually, corh-

parison.is the basis of all measurement.. In all probability,

early man made very gross comparisons of the sizes of ani-

mals, lengths of time durations; and so on. It was later,

after the idea of number was developed, that measurements

1,2



The child can predict that a comparison for a specific
property of two objects will not change when the compari-
son is performed at a different time or at a different loca-
tion. He can also make an appropriate test to evaluate
his predictions.

The child can apply the transitivity principle under
appropriate conditions.

r
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location or at a different tithe. One can only measure the ob-
ject by a binary comparison with the same reference object at
both locations times. If, by comparison, an object has
greater length than the reference object atone location and
time, and this same relationship exists at anothef location or

t time, the comparison can be called invariant.

An_ underlying principle that is emphasized throughout this
unit is that of transitivity. TranSitivity i,s illustrated in the
following example. If the area of object A is greater than
the area of object B, and the area of object B is greater
than the area of object C, we can predict, by transitivity,
that the area of A is greater than the area of C. This princi-
ple, which permits us to predict a comparison on the basis
of two other comparisons, applies to length, volume and
time duration comparisons, as well as to time ordering.

Comparison I
4

Comparison II

lh the activities dealing with time duration; some very simple
before and after concepts of time ordering will be introduced.
Iri this case, as prdbably in many others, the ideas will net
loccoecipretely new to the children. The intent is to clarify
their thinking and broaden their experiences.

In' several lessons in this unit the need"for recording arises.
You will make records using the symbols for "greater* than". (>)
"less thdn'' (), and "appears to be the tame is" (4.) , but the.,
children' should not be required to write or read them. The
children should begin to see that there are many situations in
which recording is essential to an investigation. This early ,

' introduction to measurement, which precedes a more exen-
sive treatment insa first grade unit, is intended to show that .

it is sometimes necessary to keep recordS, and that we have
handy methods for doing so. -

14
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NOTES ON TEACHING THE UNIT

0

For a typical class, this unit should take about six weeks to
complete. Each lesson should take about one day, although
a few of the lessons will require two days,

Do not feel that you must complete every part of every les-
son. Use your professional judgment to determine which of
the many possible activities in each section are necessary
for your class to attain the objectives.

Suggested questions are given throughout the. manual in capi-
talletters with possible responses in parentheses. You
should not feel bound by these questions -- they are meant
only as guides and often serve to clarify procedures of ,a .

lesson.

Many games and activities are included WhiCh the children
may enjoy playing during theiriree time. Encourage them to.

this. Sometimes you niaywiSh to delay part of an activity
t4Iiie as a review later in the unit.

OBJECTIVES

The behavioralobjectives of Introducing. Measurement will be
satisfied if:

When confrohted by two or more objects, the child can
physically rank the objects according'to their lengths,
areas or volumes.

= When confronted by two events that start or end together,
the child can detect which'.had 'the greater duration.

- After completing either or both of the above tasks, the
child is able to .express his findings orally using such
terms as "greater than," "less than," and "appears to 'be.
the same as."

- The child has an understanding of the terms "length,."
"area, "' "volume'," and "time duration.," so that he can
answer questions and carry out directions involving these
terms.

15



The child_ can predict that a comparison for a. spe,cific
'property of two objects will not change when the compari-
son is performed at a different time or at a different loca-
tibn. He can also make an appropriate test to evaluate
his predictions.-

- The child can apply the transitivity principle under
appropriate conditions.

P1L
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SI CTIoN COMPARING T ENGT±'

PURPOSE

The activities here are designed to have the following results:

The child learns how to make a comparison of the
-lengths of two objects and to express the result.

-L. He is able to order a set of three objects according .

to the property of length:

-. He is able, when given a length comparison of two
objects, to predict the result of a new comparison of
the lengths of the same objects, based°On the con -
cept of invariance.

He realizes that, if object A has a lengtf. greater than
object B and object B has alength greater' than object C,
then object A has a length greater than object C (the
-transitivity phnciple).

COMMENTARY

In this section, length will be developed as a measure of a
line segment and as a property of objects. In the case of a
given rug one could measure the length from B tab C or the
length fron-rA to C,as wellas the length from A to B. This
is a somewhat more general ,meaning than/ is found in COMITIOR

usage, in which length is often a measure of the'greatest
:outer linear dimension of an object..

A

S^
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The children will first- consider length in,the more familiar
sense, indicated by the arrows in the illustrations below,
and then in the more general sense that applies to any line
segment.

In kindergarten'," children use many objects of different lengths
(blocks, crayons, building boards, etc."). ThiS variety-in-the
lengths o'f objects in the room enables.*you to rovide many
opportunities for;the children, to compare the le gths of two
objects.

.1.

In Lessoll I of Sectioh I, children use sets of Ivlinnebir.s for
the first time. These are wooden bars of twelve different
lengths. Each bar can be identified by its color, length-and
the number ef units marked on one surface. Each sent of °

Minnebars should contain:

13 one -unit bars
7 two-unit bars
4 three-unit bars'
3 four-unit bars
3'-fiVe=unit bars
2 each of lergths six through ten
.1 each. of lengths eleven and twelve

Where "Nlinnel;ars are used in this unit, the focus is on the
overall length of the bars and not on the number_of units.
The various colors of the bars help the children pick out the
different lengths and-make it easier to identify them in dis=
cussions.

18
0

-0
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When working with IVIinnebaTS-oratiy-oth-erobjects-,--.-use-the
terms "greater length" and "lesser length" or "longer than"
and "shorter than" frequently, and give the children many
opportunities to use them. For instance, you might ask a
grOup_building roads with bldcks to Compare the.lengths of
the road-s-and_tell you about them. Or children might be
encouraged to tell-yothat some of their crayons are "longer
than" others.

If children are often permitted to use natural objects as part
of the lessons dealing with .length, they will have morelearn-
ing experiences and the lessons will be more interesting,
They could compare the lengths of two twigs or arrange three
shells in order by length. They might'also enjoy comparing
the lengths of their shadows. 4: 0

This kind of incidental learning should goon throughout the
year.. The lessons proVide a suggested structure, bUt there
is,,no Unlit to other activities you, might deviSe to achieve
'the objectiVes.'-',

Are

19
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Lesson 1: INTRODUCING LENGTH

In this lesson the children will begin to consider the length
of the greatest obvious dimensionof an object. They will ,
compare objects two at a time and tell which has the greater
or lesser length. In some of the situations they will not be
able to see a difference -- the objects will appear to be
the same length.

ft

The children will use Minnebars iri this lesson for the first
time. They should be allowed to play with these during their
free time before and after the unit activities,

Several activities are' included. Use your own judginent as
to which to use for your class. Peel free to devise similar
activities using different materials or to delay using some,
of the activities included here until -later in the unit.

I3".1ATERIAP

heavy paper--(of_4 or 5 different colors) cut into narrow
strips 26 to 12" long (ehoughstrips'so`that each-child
in your class may have two)

flannel board and strips

Minnebars

PROCEDURE
.1 ,r

A Place two strips of the same length on-the flannel board
so that the ends are on different levels.

20
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WHICH IS LONGER?

WHICH IS SHORTER?

HOW CAN YOU BE SURE?

HOW CAN WE FIND OUT WIlicg HAS GREATER
LENGTH!?

Have a volunteer show a method\ of comparing.

The children should realize that to show that the objects
apparently have the, same length, both pairs of ends must'
line up with nothing left over..

F31 Divide the glasslinto groups of four. Give each group eight
of the strips of paper. deicribed in the material list._ Ask each
child to pick outlwo of the strips from his group's set andto-
describe and compare hi's two strips.

WHICH OF YOUR STRIPS tS LaN6ER? HOLD IT UP.

FIND A WAY TO SHOW WHICH OF YOUR STRIPS IS
LONGER.

Now have everyone in each group put his first pair of strips
back in the group's pile and choose two different °hes.

WHICH OE YOUR NEWFSTRIPS IS LONGER? HOLD
IT TIP.

CAN SOMEONE SHOW US ONE WAY OF TELLING
ICH OF HIS STRIPS IS LONGER?

21
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Have s-e-v-e-rar Plirldren-show-their methods_o_f_cp_mparison.Try
to have all of the following methods shOwn. Method 3 is not

`a-decisive test,

(2) (3)

LIAsk the children to find two objects in the room that appear'
to have different lengths. Have them tell whiCh is the longer
and test Their decision by making the comparison.

D Give one set of Minnebars to each pair of children. One
child should choose two Minnebars and ask* the other child
which bar has the greater length. They should take turns
telling and check by actually making the comparison.

Game: Giant or Dwarf
tr'Have many strips of heavy paper of different lengths prepared.

Minnebars might also be used here. Select two children to,
demonstrate the game. Give each child six strips (or Minne-

' bars),of different lengths and,ask that he keep them out of his
partner's sight. -At a signal, each child secretly chooses one
of his strips. The partners then compare the tWastripS they
haVe chosen. The child with the longer strip wins both strips
and places, them in a separate pile. It-the strips are of similar
lengths, each keeps his own strip. The game continues through
six m'atchings. Tljp child with the most strips at the end is the -
'Winner. After the demonstration, the entire class should,lia've
opportunities to play in group;of two. For variation, the win-
ner could be the one with fewer strips.

6
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Lesson 2: USING REFERENCE OBJECTS IN C PARING LENGTHS

-In-this -.1eason,_.the_ohildren will compate one object with
other objects, and become more lakTiliatTy_tardeser-ibing_an_
object in comparative terms. They will see, for instance,
that a pencil has greater length than a crayon but less length
than a yardstick. Emphasize such comparative descriptions
in all measurement disdussions throughout this unit and the
rest of the year. Also use compariSon terms for properties
other than length:

IS THIS BLOCK HARDER THAN THIS BALL OF COTTON?

IS THIS SHEET OF GREEN PAPER DARKER THAN
THAT ONE?

Now the children should begin to see that all comparisons
are relative - the results depend on the objects compared.

MATERIALS

- a setof I 0-15015jects of varying lengths - pencils,
blocks, crayons; books, soda sty), etc. '

- Minnebari
- opaque bags (paper lunch bags would do)

PROCEDURE

Place the set of objects where all the children can see
them. Hold up one object (e.g. , a pencil).

FIND AN OBJECT WHICH IS.:IONGER THAN THE
PENCIL.

FIND AN OBJECT WHICH' IS SHORTER THAN THE
PENCIL.

SHOW ME HOW YOU TEST WHICH IS ciNGER.

(When they see the comparative aspect, as"k similar questions
without holding up the object.)

2 3



FIND AN OBJECT WHICH IS. SHORTER THAN
BOOK.

O

WHO CAN FIND ANOBJECT WHICH HAS GREATER(
LENGTH THAN THE CRAYON BUT LESS LENGTH
THAN THE STRAW?

Grab -Bag Matching

This is played by two children. Give' each pair an opaque
bag of assorted Minnebars. Without-looking in the bag, each
child draws one .bar to serve as his reference object. The
child with the longer reference object collects bars that are
longer than his reference object and the other child collects
those shorter than his reference bar.

The child the longer reference bJ begins the play by
drawing another bar frOm the bag and comparing it with his
reference.. If it is longer than the rethrence he keeps it. If
it is, the same length or shorter than the reference,,he puts,
it aside (not back in the bag). The other child then makes
his draw and retains the bar only if it is shorter than his ref-
erence. Each takes his turn until all the bars pre drawn.
The child having.the greater number of bars is the winner.

As children play the game, some will come to realize that
selecting the reference and other bars by touch gives an
advantage.

c ,

1
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Lesson 3: CLASSIFYING OBJECTS BY LENGTH

In this lesson the children deScribe and,classify.objects acr
cordiog to the property, length. They will tort a set of strips
of vRious lengths using a reference object.-. To illustrate the
prpcedure, start the lesson with'the flannel, board and flannel
objects:, ,

MATERIALS

10 paper strips from Lesson I) of varying length'
(2" to 12") for e ch group of 3 or 4

sot of 1'0 r sticks for each group, collected
before the lesso

PROCEDURE

rAl Give each group of.three or four children.bne set of ten
f5 apet strips or.have them ta4 out their sc't of sticks. One
member of each grotp should place one of the strips or sticks
,from the mixed pile in the center of his group's working area.

Tell the cla.ss that gr.,up should use this first strip (or
stick) as their reference strip. Tiellithe children they should
compare all their other strips, one at a'time, with thIS refer-
ence strip.

Then have them make subsets. On one, side.of the reference
strip, they-are to make a subset of all the strips which are
shorter than the reference object. On the other side, they
should make a subset of all strips Which are- longersthan the
reference strip. Stripsbat seem to have the same length as
the reference .strip should be put in a subset under it.

Repeat this activity, permitting another child from each group
to select the reference strip,

$7,
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When ClasSified, the strips might.look, like this:

Reference
Strip

v

With each group, emphasize the fact'That.two (or three) sub-.,

sets have been made --I:- One subset of objects greater in length

thar\ the referencobject, one subset.of objects less in length

than the refere ce object, and perhaps a third Subset of ob-

jects which se m to have the same length as the reference ob-

ject.
3.

After the children have classified their stripS ybwiniglit 'give

them pieces of yarn to put'arOulvi each subset they have

forMe.d.

`tit .

,-

(If you ,feel the childrn may be sensXtive about the' follow-

ing garfie,, omit if or use handspan.) Choos one 'child of me'4,

dium height as.a reference child. Ask several of theother,

childrtn to corripere,thelr heights (lengths) \to that of the ref-

,erenc9 child. (You may need a "referee,!) Ebrimone subset of

children with greater Itfigth.(height) on one,silde of the refer-

ence anothar subset of shorter. children on the other

side and possibly a :third subset of children of the same length

. as' the .reference child. 7

Repeat, using yothself as the reference object. Ask -what a

-subset of children taller than, or a subset the same height as,

the reference object in this case is called. (The empty set.)
6

G
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Repeat theabtivity, using a, chair .oc, some other object --
that has lesser length than any ofthe children.' The purpose
here is to add to the children's Understanding of the fact that

Ali comp,Drative descriptions of an object depend on the object'
with. which .he cpmpatisori is made.

The,following riddles a,re intended to provide practice with

en'tifying objects.by various properties, including length.

-Iola by a pencil.
Lc

I'M THINKING OF SOMETHING fl-"T IS LONGElt

THAN THIS PENCIL.

IT IS WOOD.

IT IS FLAT, ,

IT IS IN THE SET OF BLOCKS

WHA-T-AM I THINKING OF?

HOW CAN YOU SHOW THAT

THE PENCIL? ,(A child gets
it with the pencil..)

I:0

(A board frP"mthe

IT IS LONGER THAN
the board and compares-

Stretch a 12" piece of yarn taut.

. PM THINKING OF SOMETHING THAT IS SHORTER

k :THAN THIS PIECE OF YARN.

IT IS RED.

I CAN COLOR WITH IT.

WHAT NM I THINKING OF? (A red-crayon.)'

HOW CAN YOU slimy THAT IT IS SHORTER THAN':

THE .YARN? (A 'child gets a zed crayon and Compares

it, with the piece of yarn.);

27
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Hold up. scissors.

PM THINKIN,p OF SOMETHING THAT IS ABOUT
THE SAME LENGTH AS THESE SCISSORS.

IT IS DUSTY AND-GRAZ.

IT IS HARD ON ONE SIDE.

IT IS SOFT ON-THE 'OTHER SIDE.

WE USE IT TO WIPE THE CHALK MARKS OFF THE
CHALKBOARD.,

WHAT AM I THINKING OF? (A chalkboard eraser.) .

HOW CAN YOU SHOW THAT IT IS ABOUT THE SAME
LENGTH AS THE SCISSORS? (A child gets an eraser
and compares its length with that of the sciazol-s.)

After the children have had a' few experiences with these or
similar riddles, they can make up other riddles.

_

.1
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Lesson 4: INVARIANCE OF LENGTH COMPARISONS

This lesson deals with the idea that length comparisons are
invariant under certain changing conditions. These changing
conditions might involve moving the objects to a new location
or orientation, or comparing them at another time. The children
should see that throughout the activity a comparison can only
be Made when the objecrs'are lined up.

MATERIALS

8 to 10 strips of flannel or heavy paper some of
these should be of the same length and all of them
should,be of different color-S.

- resting mat

PROCEDURE r`.

Take two strips of the same length and arrange them
horizontaMy on the flannel board.

WHICH OBJECT HAS THE GREATER LENGTH? (They
are the same length.)

WILL THEY STILL BE THE SAME LENGTH IF I
ARRANGE THEM UP ANDIDOWN ON THE BOARD?

After the children haVe made their Rredictions, ask them to
sugge-St ways of checking'.them. Have them test these pre-
dictions by making the Vertical comparisdh. Use the follow=
ing questions to introduce similar predictions and checking
situations.

CAN YOU PREDICT WHICH STRIP WILL HAVE THE
GREATER LENGTH IF WE'PLACE THEM BOTH ON
THE FLANNEL BOARD SIDE BY SIDE, BUT KITTY
CORNERED?

CAN YOU PREDICT WHICH STRIP WILL HAVE THE
GREATER LENGTH IF WE COMPARE THEM FLAT ON
THE FLOOR? DIAGONALLY IN THE AIR?

29.
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Repeat the above activity -- predicting and checking.-- with

-strips of unequal lengths. In this situation, the children

should notice through different comparisons of the same strips

that the orientations of the strips during the comparison oper-

ation do no make a difference in the result.

,Place two strips of aboilt the same length on the flannel board.

CAN YOU BE SURE ABOUT HOW THE LENGTHS OF

THESE STRIPS COMPARE IF THEY ARE PLACED LIKE

THIS? (No,, not if they are about the same length.)

HOW SHOULD WE COMPARE THEM? (Place them,

side by side.)

Have the children make the comparison.

FB-1 Use some of the comparisons above and ask the children

whether the result of the comparisons would be the same the

next day Ask them to predict what they would expect to find

if they made the same comparisons the next day.

HOW CAN WE REMEMBER WHICH HAS THE GREATER

LENGTH?

I'M GOING TO PUT THE RECORD ON THE BLACKBOARD

THIS WAY:

LENGTH LENGTH

(In-red chalk) (In yellow chalk)

IT MEANS, '"THE LENGTH OF THE RED STRIP IS LESS

THAN THE LENGTH OF THE YELLOW STRIP."

30
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IF TfiEY ARE ABOUDTHE'SAME, I WILL MAKE ARECORb
LIKE. THIS:

LENGTH
(In red chalk)

.
LENGTH

(In yellow chalk)

THIS FANS, "THE 'LENGTH OF-THE RED STRIP APPEARS
TO B THE SAME AS THE LENGTH OF THE BLUE STRIP."

_Many children will be capable of learning the word "length"
as a sight word and can a4sociate the color of the word with
the approptiAe objecteven though they may not be able to
read the wh;)le phrase. You could read, their record to them as f
"The length.of the red object is_less than the length of the.
yellow Object. " (You May wish to point out to the class that
the larger end of the inequality symbol' < -- is toward the
greater length..) The major purpose here Is to motivate the
needfor,keeping records. Leave such a record on the board
and haie the children repeat the compariSon the next day to"
check Whether the results of their comparison remain the
same from one day to the next.'

(61 Ask a child to lid on a resting mat.

WHICH HAS THE GREATER LENGTH -- MARY OR HER
MAT?

Now ask the child to lie somewhere away from the mat.

WHICH HAS THE GREATER' LENGTH NOW?

After they have predicted, ask another child to place the mat
beside, the child to check the prediction.

COULD WE MAKE THIS COMPARISON GOING UP
AND Dia/N TOO?

WOULD OM RESULTS STILL BE THE SAME?

31



Try this method by holding the mat up beside the child. Be

sure one end of the Mat is aligned With the feet of the ,child .

4
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LessOn 5: ORDERING a LENGTH

Here the children compare and order,three objects by length.
In this lesson, they will measure lengths of non-rectangular,
as well as rectangular, objects.

lvtATER,IP 1,S
.

narrow strips of paper or flannel of different colors

3.pleces of yarn (or cords marked by yarn) identified
as follows: 4 1/2' red, 5' yellow, 5 1/2' -
(The extra colors of yarn may be obtained from the
first grade;kit.)

Minnebars

several triangular shapes of flannel or heavy paper
of different colors

PROCEDURE

rAl Show the children two strips of paper or flannel
(e.g. , red and blue).

WHICH StRIP IS LONGER?

o
s- or

-o

Show them.a third strip (e.g. yellow).

IS THE YELLOW STRIP LONGER THAN THE BLUE?

(Children check.)

IS THE YELLOW STRIP LONGER THAN THE RED?

'(Children check.)
33
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WHERE COULD WE PLACE THE YELLOW STRIP T,0
SHOW THAT IT IS LONGER' THAN BOTH THE BLUE
AND THE RED STRIPS? (Children should suggest
the two arrangementi.)

Cs)

or
a)
s.

Erd, Lay three pieces of coiled yarn (yellow, blue, red) -- or
card marked with yarn on the floer in no particular order.

yellow red

COULD WE ORDER THESE CORDS BY THEIR LENGTHS?
HOW?

Guide the children to suggest some methgd of comparing the
length of two of the'cords by stretching them out with twek ends
lined up. Have the longest and shortest (red and blue) com-
pared fii-st.

r

34
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H ve the children agree on how to place the cords in order.
If they decide to put the shortest cord on the left, make a rec-
ord on the chalkboard in colored chalk, or on-chart papef with

' crayons, using the "less than" symbel. But, to introduce the
-, "greater than" symbol (>), suggest if the children do not --
that the cords can also be-arranged in a different order, with.
-the longest at the left. Record this on the board or chart:

LENGTH LENGTH

(blue) (red)-

THIS MEANS THE. LENGTH OF THE BLUE CORD IS
GREATER THAN THE LENGTH OF THE RED CORD,

boil the cords up, aain.

NOW WE HAVE PLACED THE UE AND THE RED CORDS
IN ORDER ACCORDING TO HEIR LENGTHS, HOW CAN
WE FIND OUT WHERE TO PLACE THE YELLOW CORD?

The children should compare the yellow cord with the blue
_cord in the same way they compared the red with the blue.
Record this new comparison for them:

LENGTH

(blue)

LENGTH

(yellow)

COULD WE PUT THE YELLOW AND RED AND BLUE CORDS
IN ORDER NOW ACCORDING TO THEIR LENGTHS?

If the children say "No," ask why not. Preth.irriably it will be
because they know only that the yellow cord shorter than
the blue and do not know how the length of the yellow corn-.
pares to the length ofthe red cord.

If they say "Yes," ask someone to place the cords in order..

HOW DID YOU KNOVV, WHERE TO PLACE THE YELLOW'
CORD?

DO YOU KNOW 'WHETHER THE YELLOW CORD IS
LONGER OR SHORTER' THAN THE RED CORD?



r.

A

Have the comparison made and record it.

LENGTH

(yellow)

>, LENGTH

(red)

The three cords should then 'be arranged in order and a record

made.

blue
yellow

.. red.

Remind the children of their record by reading it to them as

they make sure the cords are arranged in the correct order.

Save th6 reCorcf of this theasurethent to use in L4son 7.

C Give the children sets of Minnebars and ask them to order

any three of them according to length, 'making binary compari-

sons and lining them up. Some Children may be able to order

more than Three at a time. If they do this, they will probably

make the necessary binary cdmparisons1Dy
sight, which is *:

convenient. If and when they do this, occasionally ask

questions informally bringing out the fact that they are making

binary\ comparisons by sight, without actually bringing the

objects together.

Place sveral triangular shapes of different 'sizes on the

flannel board, and mark one edge of each. ith crayon.

3C
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Ask a child to, choose two of the triangles ancrcompare the
lengths of-the marked. edges. Repeat thi,s'with other pairs...

t.

t,
The children might want. to compare pairs of unmarked
edges or order all the triangles by the length of the marked
edges .

I
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Lesson 6: COMPARING LENGTHS THAT VARY

In earlier lessons of this unit the children have seen various
conditions under which length comparisons are invariant-. It
is desirable for the children to see that length comparisons
do not always remain invariant under certain changing Con-
ditions, This activity should demonstrate that there are cer-
tain materials and/or conditions for whichthe length compar-
ison is not invariant. Crepe paper is used in' this illustrative
JesSon, but youmay.use,any of the other listed material's in a
similar manner.

MATERIALS

strip of crepe paper and a pencil

icicle or Popsicle and a pencil
Slinky toy and a Pencil

p

'PROCEDOE

Cut 'a strip of crepe paper-shorter than a certain pencil.

Show the children the objects and ask whiCh:objiect, has the
greater length, Record with pictures of the two 'objects. Then
stretch the crepe paper and ask again which is longer,

O

SOMETIMES THERE ARE THINGS WE CAN DO TO
CHANGE THE WAY TWO.OBJECTS COMPARE IN
LENGTH. .

'10.

The icicl-pencil combination is paiticularly interesting.
Children compare the lengths of an icicle and a shorter pen-
cil and youwake a record for them with pictures, of the ob-
jects. Then they are compared again liter. 'The children
discover that some length relations are not invariant with
time.

3C ea
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Cot;iparind a Slinky wi;:h.a pencil when the
Slinky is not .expanded and again when it is
expanded, gratatically showsdhe change
in relative length'.

28
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Lesson 7: TRANSITIVITYIIT LENGTH COMPARISONS

In the following lesson, the idea of the transitivity of length
comparisons will be intrd'duced,, using,variolis objects, Tran-
sitivity is,ab.idea,,that many of -* Our children'may recognize
but be unable to verb ize, ror this reason, don't require
explanations in then activities.

0

BVore teaching this lesson, you might wish' to read again the
paragraph concerning 'transitivity in the introduction to the
unit, pag' 3. You will need to keep in mind,' especially in
these introduCtory experiences, that one can employ trans-
itivity only under certain conditions. Given three objects

B,' and C, and knowing that B and that A < C, you
could not infer an}zthinglabout A and B. If, given A, Band
C, knowing that A C and ;B <,A, you could infer', by traps-' -
itivity, that B and _oreet.the-thr
first formal experiences with trans
somewhat contrived. But later on

ivity are necesiarily .
you can emphasize-tran-

sitivity more informally whenever it apiDlies'in the ordering of
several objects by some property. For ..;:stance, where,chil-
dren have arranged several Minnebars in order by.length,
point out (or have them discuss) the fact that if the red, bar
is shorter than the yellow bar and the yellow is shorter than

`the blue', then the red bar is shorter than the blue bar.
In all such activities -- and wherever possible -- predicting
and checking should be important parts of the children'S work

'from the beginning.

MATERIALS

- rpaper strips of unequal lengths and of 3' different'
colors (longest - blue, next. longest - yellow,

/ shortest-- red);

- 3 pieces of colored yarn or cord: 4 1/2' red.,.
5! - yellow, from Leg,son 5; 4' - green

- (optional) 3 paper strips as above.,'of other cplors
such as white, green, purple

PROCEDURE
p

0

E'Show the children the red arid,yellow strips and ask-them
to compare their lengths.

di 29
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WHICH STRIP TS LONGER, THE YELLOW OR THE
RED? (The yellow.)

Remove the red strip from.sidht and show them he blue strip.

WHICH STRIP IS LONGER, THE YF,,LLOW OR THE
[3LUE9 (The bl e.).

CAN Y
OR THE

ICT WHICH IS LONGER THE RED
.

HOW DO YOU KNOW?

Have the children check by an actual comparison. Some may
be able to say that since.they know the yellow strip-is longer
than the red strip, and that the blue strip is longer than the
yellow strip; they, can tell without comparing an example
of transitivity:

B Put out the red, green,
torder, 'as you did the blue,,
Actiyit7 B.

yellow

and yellow cords,in no particular
yellow and red cpfdslin LessOn 5,

reen

ste

CANYOU ARRANGE 'THESE CORDS IN ORDER OF LtNGTH?
.

DOES ANYONE REMEMBER -110W TW9 F THESE
CORDS COMPARED BEFORE?

Bring out the record and read it to the , with whatever help
they may be able to giire. SoMe may ant to check the record
but it is permissible for them to ord9 the two cords from the

Da-sults of their 'pr..gous.comparisoni, agp;eing again on Where
to place the longer.cd.

/

yellow

41
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COULD SOMEONE PLACE THE GREEN CORD IN
THIS ORDER? (No.) .

WHAT ELSE DO WE NEED TO KNOW? (How the
green cord comparis in length with the red.)-

Have the green cord compa.red to the red and the result recorded.

RED > 44REEN

COULDSOMEONE PLACE THE GREEN CORD IN
ORDER NOW? (Yes.)

DO WE NEED TO MAKE ANY MORE COMPARISONS?
(o.)
WHAT COMPARISON HAVE WE SKIPPED? (The
green and the yellow)

WHY DON'T WE NEED TO MAKE THAT ONE? (We
know that the green is shorter than the red and the
red is shorter than the yellow so the green must.b,e
shorter than the yellow, too.)

WILL SOMEONE CHECK WHETHER WE WERE RIGHT?
IS THE GREEN CORD ALSO SHQRTER THAN THE
YELLOW?

roi (Optional) Separate the children into three groups. Have
three objects (e.g., three colored strips of paper) available.
(The paper strips should be of colors other than the ones used
in Activities 13 and C.) Do not let the children see all three
objects at once. The objects are referred to here as A, B,
and C:

A

Comparison I

1.11111,

.Comparison II Comparison III

42 31
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Tell the children that each group will solve part of a, niproble.
Give the first group strips.A and B and ask them to compare
their lengths and report ,the results. Put strip A out of sight
and"give the second group B and,C to compare and report
results. Put all three strips out of sight and have the results
reported onde again. Then ask if the third group can predict
which will be longer A or C. Have them check their
prediction, Some children may be able to tell why they coulu
predict the result of ,the third comparison (that it was because
they knew the results of the first two), but it is not expected
that marry will be able to express this.

32
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Lesson 8: INDIRECT COMPARISON (OPTIONAL)

Up to this point the children have only compared the lengths
of objedts which they could bring together to make a direct
comparison. The activities in this lesson require indirect
comparison because the objects cannot easily be brought to-
gether. herefore-some intermediate object, such as string,
must be compared to each of the original objects.

Use the following activities only if you feel that the interest
and capability of the children are such that the lesson will
be beneficial in developing an understanding of the idea that
they can use "something like string or parts of the-body (hand-
span, arm length) to represent the length of an object they
cannot move. Or you night wish to use these activities
sometime later in the year, as review 'activities..

MATLRIALS

heavy string or plastic tubing

cans, baby food jars,, etc.

PROCEDURE

IA I Choose tables or other objects of dif erent lengths in the
room and ask the children to find a way to determine which
is `the longest:

Point out that just looking at the lengths does not give an
accurate determination and that such a comparison should
always be checked by a better test. Ask the children to
pretend that the two tables cannot be moved.

HOW CAN WE FIND OUT WHICH TABLE IS LONGER?

The children's discussion of this may bring out some unusual
methods of indirect measurement. They may want to use
various parts of their bodies (handspan, arm length, eta.).

4 4
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(In one trial class a child used a chair!) A convenient method
might be using a string to measure one table and then com-
paring that length of string to the other table, as is the illus-
tration. But let the children use any practical, appropriate
technique for comparing various objects.

1-131 Collect empty cans or cylindrical jars of various sizes.,,:
Cut lengths of heavy string or plastic tubing to match the
circumference of each can, (A).

-13

Place both the cans and the cords on a table; (B). Have a
child select a cord which he thinks best fits around a can.
Have him check his choice by measuring around the can with
the cord. Let the other children match cords with cans.

Some children might like to arrange this ssetof cords in order
from .longest to shortest or shortest to longest. From this
arrangement, let the class predict the order of the lengths
around the cans. Ask how the children could check their
prediction. Then have them match the cords to the cans.

4 5
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SECTION 2

PURPOSE

CORM PARING AREA

This section contains activities designed to develop the
-children's ability to:

Recognize area as the measure of a region on a surface.

Estimate,whichof two regions has the greater area.

Apply tests for comparing areas when they are unable to
estimate a difference.

Order three or more similarly shaped regions by area.

COMMENTARY

This section introduces the children to the concept of area in' a qualitative (non-numerical) sense. `through the activities,
the children should gain an idea of area, discover methods
for area comparisons and learn to order a set of regions by
area. For instance, when presented with flat regions:

and

they shbuld be able to use a test to show that region R has
greater' area than region P. No'numerical values will be in-
volved -in ,these comparis ons .

Area'is developed as the size of a region on a surface bounded
by a simple clos'ed curve. The children will probably refer
to area as the amount of "room" on a surface. The areas of
two regions can be compared by determining whether one
region cen cover a notiTer or not. Consider regions A and B:

and B

Since region A could be placed entirely .on region, B with sur,-
face still uncovered on region B, region .B has greater area.
This method is called a superposition test.' The children
will probably say, "A fits on B with room left over."

4C) 35



Region A ,Region B

A superposed on B shows`that
Region A hasless area than
Region B, since B is not corn-

--pletely covered by A.

The children compare the areas of regions and discover there
are several operations which do not change the areas and
therefore do norchange the area relatiOns. For example, the
results of an area comparison do not change.even if the chil-
dren move th0 regions to a different location, fold or cut one
of the regions, or wait until the next day to make .anothercom-
parison of the same ,regions. These situations- involve-th in-
variance of the areas and consequently the invariance of meas-
urement comparisons. Here, as in the sections dealing with
measurement of,length, volume and time duration, the idea of
invariance plays arimportant patt. As the children gain ex-
perience with thds-CsPecial properties of objects, they should
begin to realize that the results of a comparison do not vary ",/
under certain changing conditions. It would be imposSible to
keep and use -records, or to rely on the transitive prOpefty of
some relations without knowing which changes in the condi-
tions of the'comparison leave a relation unchanged.

The children will be faced with situations in which the super-
position test cannot be used. Knowing thdt cutting a region
into pieces does not change the total area of that region, they
estimate which region has less area, cut that up, and fit the
pieces on the other region to determine the area relation.

Use your own judgment about the amount of time to spend on
any one lesson. If you find that the children' understand the
concepts being presented before you have finished all parts
of a lesson, feel free to skip over the remaining actiyities.

36

Q

y



Lesson 9: INTRODUCING AREA

Area will be considered ip this unit as the "size of a region
-that is on a surface and is bounded by a closed curve." We
do not expect the child to express his idea of area in these
words 1)ut he should develop an awareness of this property of,
objects through ,the activities. Verbal skill is not required.

This,lesson uses concepts of open and closed curves, inside
and outside regions, and boundaries. Some children may need
more review of these ideas from Unit 2, Curves and Shapes,
than this lesson provides.

If. they already seem to have a good 'understanding of area, it
may not be necessary to do all the activities given here.

MATERIALS

2 fifteen-foot lengths of yarn (different colors) and
a. few shorter pieces

flannel board and flannel objects

I piece .of, paper

PROCEDURE ......
t,:t..=.r.-:":`:.:,:.":.;

Have-the children check to determine whether the two'long
pieces of yarn are about the same length. The use the yarn
to lay out two closed curves on the floor. Make one nearly
circular and the other long and narrow. After-a brief review of
the faCt that each curve is closed and that each has an inside,
region, an outside region and a boundary, ask:

HOW MANY CHILDREN COULD STAND INSIDE OF
THE CIRCULAR CURVE?

HOW COULD WE FIND OUT? (We could stand

, -

When as many children as possible are standing on the inside
region of the.cirCular curve, repeat the questions for the other
curve and have another group stand on its inside region...

48 37
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COULD MORE CHILDREN STAND ON THE INSIDE .

REGION OF THE CIRCULAR CURVE THAN ON THAT
OF THE OTHER CURVE?

HOW COULD WE FIND OUT? (By pairing members
of the two sets.)

This pairing gives the children a review of one-to-one cor-
respondence.

INSIDE WHICH CURVE COULD MORE CHILDREN
STAND?. (Inside the circular curve.) :

WHY COULD MORE CHILDREN STAND ON THE
REGION INSIDE THAT CURVE? (There was more
room in it. The inside was larger.)

-'. WHEN YOU THINK ABOUT HOW MUCH ROOM THERE
IS IN A REGION, YOU ARE THINKING ABOUT AREA.

Don't insist that 'the children use "area" if they prefer "room"
or some other term, but alternate using their word and "area"- "
to give the meaning of area. In any case,, be sure that the
children use their word to refer to area, not length or volu"me.

Change the shape of one of the simple closed curves of yarn
a number of times, asking questions like the following to
familiarize the children with the idea of area:

IS THE CURVE CLOSED? (Yes.)

1
DOES IT ENCLOSE A REGION? (Yes.)

WHERE IS THIS REGION? (Inside the curve.)

DOES THIS REGION HAVE AREA? (Yes.)

DOES IT' HAVE. MORE AREA THAN THE OTHER CURVE?
Let the childen check by standing inside and then
pairing.

Have the children change the curve to Various Other shapes;
and repeat the questions. If no one accidentally forms an



open curve, do so yourself -- a skingt only if the curve is
closed (no) and if it has an inside (no). If they think it does
have an inside,' ask several children to show where they believe
the boundary is. Point out that each person could be thinking
about adifferent 'boundary, You might ask several children to
close the curve with a chalk line to shoW that each child 'could
clos'e, it in a different way. Encourage the youngsters to make
their chalk lines of various lengths.

Draw a few closed and open curves on the chalkboard and/or
lay out a few on the flannel board with yarn. Coloring the
enclOsed region with ,chalk or colored material will emphasize
what part must-be considered to deterMine the area og a
region,

IS THE CURVE CLOSED?

DOES IT ENCLOSE A REGION?

WHERE IS THIS REGION?

DOES THIS REGION HAVE AREA?

.Hold up a piece of paper and ask if it has a boundary (Yes,
its edges) ,

.1S THERE A CLOSED CURVE HERE? (Yes.)

DOES IT ENCLOSE A REGION? (Yes.)

. DOES THE REGION HAVE AREAI (Yes,)

Help the children find various surface regions 'as they work
around the room: table tops, resting mats, book covers,
YOU might also ask them to trace these surface regions
their- fingers

5O
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Iisson 10: COMPARING AREA BY SUPERPOSITION TEST

In this,'Iesson, the children see the need for comparing
the areas of regions and design a scheme for doing so.

MATERIALS

shapes cut from construction paper

or

construction paper Gut in .or, 4 rectangles of. varied sizes
(enough for 2 pieces of di rent colors for each t hild)
These sizes should range from approximately 4" x 6"
to 9" x 12"

PROCEDURE

40

ON

For th4 le,sson, each child will need two pieces of construction
paper of different shapeS. You can provide these in either of
two ways: (1) You can cut the shapes yourself, making a
variety of them (e.g., squares triangles, circles, free forins)
in different sizes and colors, then give ea-:;11 child two of
them,. Or (2) you May wish to give the children each two
rectangles and a pair of-scissol-s. Ask-them to cut one shape
from each piece, using most of their paper in doing so. This
second method allows the children freedom in designing their
oi,vn objects..

,

A ter each child has two objects, ask questions about the
pro erties of the two objects. Some of these questionsican
be u ed mainly to stimulate thinking.

......_____

1

HO ARE YOUR SHAPES ALIKE?

HOW RE YOUR SHAPES' DIFFERENT? 4'

HOW DO HE AREAS OF THESE, REGIONS COMPARE?

HOW CAN
AREA?

U TELL WHICH ONE HAS THE GREATER

O
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Ask several children to desc*ribe to the cl.ss one of their ob-
jects in terms of its properties. N.ow aska child to compare
his abject to another child's object which is similar in shape
but grossly diiferen't in area.

Next choose two objects of similar Shapes and almost equiv-
,

alent areas.

DO THE REGIONS OF BOTH THESE OBJECTS HAVE THE
SAME AREA?

WHICH HAS MOR ROOM OR. AREA?

HOW CAN WE BE SURE?

IS THERE AWAY SOMEONE CANSI-10W US?
Ie"

----"Trg-ome of theNsuggested tests seem to compare length rather.
than area, remind the children that area involVesthe region
within the boundary, of the closed curve. If alchiid does not
propose it, suggest yourself that the children putb.one shape
on top of the other, fiold thelNbeth together, and then observe
the front and back of the combination. They will discover that
when the region of lesser area is in front, some of the region.
with.greater area can 'be seen arounclit, but that when .the re-
gion with greater area is in front, the smallei,area cannot be
seen at all. .Emphasize the fact that the regiop with gteater
area has enough room for the smaller to fit on kt with rthyffl-,
still left ,over. (For this demoStration be.surte to choose
shapes such that one covers.the other completely.)

52O
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Repeat the questions, on page 4 i for other pairs of objects
which are similar in shap4nd area. Then choose two ob-
jects of very different shap s which do not differ greatly .

in area.

DO THESE REGIONS NAVE AREA?
, 4

WHICH HAS'MORE R OM OR AREA?

HOW COULD YOU FIND OUT?

Try several pairs. The children hould see that,: in some cases
involving .dissimifar objects, the cannot use the superposition
rriefhpd of obmparing for area because neither object will fit
entirely upon the other. This problem will be handleci in
Lesson 14, but now just let the children think about the situ-
ation.

e

r.

t.



Lesson 1 I.: ORDERING RE

The purpose olthis a
ordering more than tw'
here, as it was in Sec
lying. a set of objects.
ison, thus making more
parisons involved in ord

IONS OF SIMILAR SHAPE BY AREA

t' vity is to use binary comparisons in
objects by area. Ordering is preceded

'ion 'I , l5y an activity involving classi-
'Classifyin requires a binary compar-

bvious the binary nature. of 'the com-
ing.

MATERIALS

flannel board .

4 rectangular flannel objects.differing in

-- for each child-%
t.

- 12" x 18" drawing; paper

paste

- scissors
- Worksheets I and 2

PROCEDURE

A

area and color

Distribute Worksheets I and 2. Have the class color andt

cut out the figures. s.

Ts

HOW ARE./THE FISH ALIKE?
A/

HOW ARE THEY DIFFERENT? area.)

WHICH. FISH HAS THE GREATER AREA?

CAN WE FIND OUT?

TRY TO FIND A WAY.

Have the children use the fish marked with "R'on Worksheet 2

as their reference fish to make two 'subsets, placing all fish V-

with greater area than thereference fish on one side of their
desks and .all with lesser area on the other side.

43 :
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As you observe tlir work, question individuals about their

methods orhtermirling the subsets. They should be compar-

ing each fish /with the reference fish, using a superposition

',test., Then aisk:

WHICH DISH HAS THE GREATEST AREA OF ALL YOUR

FISH?

HOW COULD YOU 13E SURE?

WHICH FISH HAS A REGION WITH- THE EMT AREA

OF ALL?

Empha9 e, with your questions, the idea that each fish must

be compared with each of the other fish either directly or indi-

rectly 1by means of another fish having an in-betWeen area)

using the idea of transitivity.
oz,

Distribute drawing Paper. Tell the children they can imagine

this is an aquarium for their fish and color the paper appropri-

ately. Then have them decide in which direction they want

to order the fish and paSte the fish on the "aquarium" in that

order. Notice whether the children are performing binary com:-

parisons to do the ordering. Are they comparing the area of

one fish directly or indirectly with the area of each-of the

oljhers?

(Optional) Choose any three of the four rectangular flannel

pieces. .Holdup two of them.

WHICH HAS A SURFACE REGION WITH GREATER AREA?

(VIA blue.)

Fut t em on the flannel board, saying that you it the

ne ith greatet" area on the right or e.g., nearer the .ndow".

1 /(

Pick up the third object and.h-ave a child compare it with one

of the first two, e.g. , the red.

red
blue

ro rb
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IS THE AREA OF THE YELLOW REGION GREATER OR
LESS THAN THE AREA OF THE RED REGION?

WHERE SHOULD WE PUT' IT?

Have it placed in the proper location with respect to the red
figure (but not necc.,.ssarily with respect to the blue).

red
yellow

IS IT IN THE RIGHT PLACE?

DO WE NEED TO DO ANYTHING ELSE?

WHAT?

IS THE AREA OF THE YELLOW REGION GREATER OR
LESS THAN THE AREA OF THE BLUE REGION?

Ybu may wish to repeat this portion using yellow and either
red or blue as the first two objects.

Keeping the three objects in place, bring out the fourth object,
e.g., green.

HOW COULD WE FIND THIS o BJECT'S PLACE IN THE
ORDER?

WHAT WILL WE HAVE TO DO TO F D OUT?. (Compare
it wtth each of the other objects.)

57



I esson I 2: AREA-ORDERING GAMES

Because of the quantity of nwterials required for largenum-
bers to play at once, these games are probably best played
by a, small_group of children in free time.

MATERIALS

for each group playing --

playing-board made of a tagboard strip about 4-5 inches
wide and as long as you wish. Mark each playing-board,.

,,,off in squark. . At one end of the playing-board color
a narrow strip with a magic marker. At the other end,

'make one with obviously greater area':

I deck of shapes like those on p. 49, cut from heavy paper
(8 sheets ofqhese shapeg are provided with the printed
materials for this unit.)

PROCEDURE

'this can be played as a classifying or ordering game.

A! Classifying: The first child chooses a reference object
and places it in one of the middle squares. This shape should
be marked in some 1.vay to indicate it as the reference object. -
A counter or paper token on top of it would be fine. Suc=
cessive players draW shapes, from the deck and place them in
any space on the proper side of th4 reference.object -- the
side with the-larger mark indicating greater area than the
reference object and the side with smaller mark indicating
lesser area. Play continues until all spaces have been filled
or all cards are gone. there are more cards.than spaces on
the boar'd the player may remove: one and replace it with his.

58
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When play is finished the board might look like this:

or this:

il Q' 0 S (3 GUQIGQ1

FBI Ordering: The first child again draws a reference card,
places it in some middle 'space and puts a token marked "R"
on it to show it is the reference. Successive players draw
cards and place them on-the proper side of the reference,
this time establishing an order in each direction -- from the
least area. Shapes already playedwill.probably have t."0 be
moved from one space to another in order to place succeeding
shapes' correctly. When play is finished the board might
look like this:

C20 O& D 0 d G G



INTRODUCING MEASUREMENT
UNIT 5, LESSON 12-

SHAPES TO CUT OUT FOR AREA- ORDERING GAMES



Lesson_l 3: INVARIANCE AND VARIATION OF APEA

Here the children see that where the areas of two regions do
not change., thp results of the comparison of their areas to
each other will be the same, regardless of when or where
the comparisons are repeated. They will also be shown an .
example of an area that does change (crepe paper before and
after stretching). The variance.is demOnstrated by compari-
son with an invariant area before and after the stretching.

MATERIALS

-- for each child

- 2 sheets 9f plain white paper of the same shape
and area ,l'icSr Activity A

- I red and I blue crayon

- scissors
1 piece of crepe paper and I piece of plain paper
of the same shape and area, and 1 piece of crepe
paper smaller than these, for Activity 13

PROCEDURE

rA71 Distribute the two sheets of plain white paper (of the same
shape and area) to each of the children. Have them compare
the regiotis of the two sheets for area. Have one child. trace
the boundary of the region on the chalkboard to "remember"
what area those sheets had.

,

Then ask the 'children to move to a different place in the room
with their papers.

WHICH SHEET HAS THE GREATER AREA NOW?
(They still have the same area.)

COULD SOMEONE MOVE TO A PLACE WHERE THE
COMPARISON WOULD NOT BE THE SAME? (No
matter where we Move in this. room, we still find
that the two sheets have the same area.)

Now have the children cut one of their sheets into two pieces
and color one of the pieces blue and the other red.
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WHEN PUT BACK TOGETHER WILL T E AREA OF THE
COLORED PIECES BE GREATER THAN, LESS THAN, OR
THE SAME ASTHE OTHER (UNCUT) S EET?

HOW DO YOU KNOW?

:WHAT COULD YOU DO TO FIND OUT? (Try it.)

Have the comparison carried out and then have the children
put their red pieces aside.

WHEN YOU COMPARE THE AREA OF YOU'R BLUE SHEET
WITH YOUR WHITE SHEET, WHICH WILL ' E GREATER?

SIT DOWN ON THE FLOOR AND HOLD, THEM. WHICH
REGION HAS GREATER AREA ,NOW?

Next have all children .put the blue piece aside andcompare
the red piece with the white sheet. Then ask them to fold
up the white sheet. 1

NOT, IF YOU UNFOLD YOUR WHITE SHEET,\ WILL
IT STILL HAVE GREATER AREA THAN YOUR RED, PIECE?

TRY WAYS OF TESTING THIS._

Ask several children to show their methods. The'y should see
that folding one sheet does .not change the relative area of
its surface region. The simplest way of 'showing \this is to
smooth put the folded sheet and compare the two again.

FBI Give each child one piece of crepe paper and cane piece
of white Paper of the same area.

WHEN WE COMPARE THESE PIECES, WHICH HAS THE
GREATER AREA? (They have the same area.)

STRETCH YOUR CREPE PAPER. NOW. WHICH HAS HE
GREATER AREA?

CAN YOU EVER MAKE THE TWO REGIONS HAVE THE
SAME AREA AGAIN?
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Give the children another piece of crepe paper which is
smaller in area than the white paper.

WHICH-PIECE HAS THE GREATER AREA?

CAN YOU MAKE YOUR CREPE PAPER HAVE A GREATER
AREA?

63.
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Lesson 14: COMPARING AREAS OF DISSIMILAR SHAPE

The purpose of this lesson is to have the children discover
and use atest for comparing the areas cf dissimilarly shaped
regions. Actually, this testes only a modified form of the
superposition e'St in Lesson 10 but it does qequire the idea
of the invariance of area under cutting, introduced in Lesson
13. In ordernot to make the test too diffiCult, do not use
any regions that are very close inarea size (except for
reference regions) .a

MATERIALS

3 irregularly shaped objects of paper or flannel, 2 of the
same shape and, area and I of a different shape and less area
(See diagram bplow.)

I paper or flannel circle, 6" diameter
z

I paper or flann'el rectangle, 2" by 22"
flannel board

for each child --

Worksheet 3 (SO are provided)

scissors
crayons

'PROCEDURE

ti

rAl Show the children thethree odd-shaped objects of
colored paper or flannel.

Have the objects described and similarities and differences
noted.

64
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CAN YOU TELL,ANyTHING ABOUT THE ARE OP THE
THREE REGIONS?

WHICH HAS GREATER AREA -- THE RED REGIO OR
THE GREEN_REGION? (They seem to have the ame
area. We can put one on* top 'of the other with °thing
left over.)

THE GREEN REGION OR THE BLUE REGION? (The g een.)

HOW CAN YOU SHOW THAT? (By placing the blued
top of the green,)

-Then cut one of the larger objects into two places. For in-stance:

WHICH .HAS GREATER AREA -- THE TWO RED PIECES
TOGETHER OR THE GREEN PIECE? (They seem to,
have the same area.)

WHAT CAN DO TO FIND OUT? (Put the red
pieces together on top of the green one,)

65
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CAN YOU' FIND UT WHICH HAS THE GREATER AREA --
THE WHOLE RE REGION OR THE BLUE REGION? HOW?-
(By putting the ;Zed pieces together and placing.the blue
region on top of them.)

. IS THE RESULT F THE COMPARIS9I ANY DIFFERENT
BECAUSE WE CU THE REE REGION INTO PIECES?

B

DOES THE RED P, GION STILL HAVE GREATER AREA
THAN THE BLUE 1 EGION? ,

DiStribute Work heet 3. Instruct the children to, color the
insido region of each triangle a different color and cut out the
triangles.

60
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.w11ic14 ot ,491.311 RtG101`.3S 1-iAS THE GM:ATER AREA?
.

E., r
,.1.

A 1

YOU GUESS?
,

.

Wiii\T C0t3 I) YOU DO TO FII\10 OUT?
,

*Let 0051 try various metliods, but at some point 'ask'.

IS 'V itiz ANY WAY Ybli CAN LAY ONE RtGION
COM ETI.i..Y ON TOP-or THE OTHER AND HAVE.

. IzOOM tcyr °Nitro (Nr), since each object pro
trudes .beyond the other.)

DO YOU THINK vim: is solvii.t.wbw,iNE C0131:1)

. .

NIAKE. ONE REGION ITT ON TI-It .0TIIR?
. .

.

Let. the children try their own methods, One useful method
would involve the one of the' triangles ka) and Rlacingthe pieces on the other triangle (b).

c

If region a fits entirely '.1c.iithin region b, then the area of a,
is less than the.area of b.' If some children cut,-t4e- larger
regionilfirst, encourage them to arrange and ltearrange the
pieces. to she whether they can fit one region entirely onI the other. If child's pieces are such that he can reach
no conclusive results, pioqide4an extra .worksheet so he .

... can try another rnthod.
.,

I

.1v
s

,
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C, Show the large 'circular and rectangular regions.

22n

WHICH HAS GREATER AREA?

TRY TO E'STINLATE

ti WHAT CAN WE DO TO BE SURE?

?.

S-

58

0.

Carry out the.tests which the chiltheij suggest. The best
method is probably cuttiro off pieced'orthe rectangular're-
gion toicoifer the circular region. Also shows that the circular
region does:, not completely cover the strips.

r

I

(Optional)` The children might enjpy comparing the areas
of various other di.sAimiler regions, such as those shown
here. Cut the shape's from stiff paper, .

,)

if°
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Show the children pairs of property blocs, pointing to
one face on each and askirighow they could find out which
face has the greatearea. .

o

they should compare the two faces with a superposition test,
that is, laying the blocks face to-face and noting which face
has room left over. Make sure that the faces chosen can be
compared with a simple superposition, not requiring cutting.

t.

You might vary this by giving each child a block and having
pairs tkf children compare their blocks for area. Here again
you must be careful that the comparisons can be made by a
simple superposition test. If a question comes up about how
to make area comparisons .when superpopition.does not woik,
let finding a method be a challenge to the children. One
method for making such an indirect comparison is developed
in Lessor. 15. /

60
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Lesson 15: AREAS OF THREE-DIMENSIONAL OBJECTS (OPTION L)
1

The purpose of this lesson is to show the children' that three-
d mensional objects have surfaces whose area can be ompared.
It is not expected that the results of these compariso s will
be very precise, but the children should understand l ow such
a comparison is made:

MATERI LS

Make 3 objects from
different colors (e.g:
pictured below.

RED

2 fairly large bl cks of different shapes and area

PROCEDURE

1 )"

Sleets of 9" x 1 2"`pap r of
I red, 1.white, I blu'e), as

WHITE

I 1 9

BIIUE

LI Show the childre the red object.

\ DOES THIS OBJEC HAVE AREA?

Now show the ,white ject.

WHAT REGIONS OF {ESE TWO OBJ.GTS SHOULD WE
CONSIDER? (All the rfaces.)

\HOW COULD YOU CO: IPARE THE A EA OF THE RED
,OBJECT WITH THE Ak A OF THE WF ITE OBJECT?

,The e are a number of poss bilities belt perhaps the easiest is
to r move the tape and lay the object's out flat. Repeat this
stra, egy Jor the comparisons of the vihite object with the blue,
and for the red with the blue



B Sh Ow the children the two blocks of different shape and
area. Ask if each of the blocks has an area and which parts
they must consider in finding the area of all its regions. Ask
questions similar to the following until they see that a useful
method might involve tracing each face of each block on paper
and cutting up one drawing to superpose do the other.

HOW COULD WE FIND OUT WHICH REGION HAS
THE GREATER AREA?

COULD WE USE THE SAME METHOD WE USED FOR
THE OBJECTS MADE OF SHEETS OF PAPER? (No,)

WHAT COULD WE DO TO SHOW HOW MUCH AREA
EACH BLOCK HAS?

WHAT PARTS MUST WE CONSIDER?

COULD PAPER HELP US?

Have se',eral children help you demonstrate the method for the
class. Since this is a fairly complex concept, all children
should not be expected to grasp it.
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SECTION 3 COMPARING VOLUME
\

PURPOSE

This section contains activities designed to develop:

An intuitive notion of volume as'a measure of a
spatial i. gion.

Techniques for comparing volum:. The child should be
able to choose and use an approp iate test for compar-
tog the volume of two objects.

An understanding that if the volumes of objects arc invari-
ant, then the results of comparing them should remain con-
stant. As an 'example, the child should see that the pouring
of liquids from containers of one shape -into ones of a differ-
ent shape doe-s-not,altei- the relative volumes of the liquids.

the skill of ordering two or more objects by the property
of volume. A child should be able to make binary
comparisons of volume'using an appropriate technique to
establish the-order.

COMMENTARY

In this unit, volume is presented as the measure of the interior
of an object 7- the measure of a spatial region enclosed by a
simple closed surface. One should remember that all Objects
occupyspace; the one that occupie-Yrnore space has the
greater v lum.e. The shape of two objects can be different,_
and yet the spatial regions enclosed by their surfaces can
have the same volume. The weight of an object is not neces-
sarily an indication of its volume. Fcr example, a five-
pound piece of granite occupies leSs space -- has less
volume -- than a five-pound bag of popcorn.

The property of volume will be compared in four ways:

By observation one can often tell which of two objects has
the greater volume.

By fitting one object completely within another object, one*,
can see that the former object has less volume than the
latter.

7 2
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By filling one object and then pouring the filling material
into another object one can determine which of the two ob-
jects holds more.

By comparing the amounts of liquid displaced by two ob-
jects one can determine which has greater volume. (This
method will not be identified explicitly as a way of com-
paring volume.)

In Unit 12, Measuring with Reference Units, a qu.antitative
procedure for measuring and ordering the volume of objects
is explored.

7 9°
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Lesson 1 6: INTRODUCING VOLUME

This lesson is designed to develop an intuitive notion of
volume as a measure-of a' space region. -The activities also
focus attention on a need to compare the volume bf objects.
The children handle and examine materials with very little
specific direction. After this exploration, there is a group
investigation and disCussion.

A story, "Pete's Popcorn Problem," outlined in thii lesson.
It is intended to 'provide motivation for investigating the volume
property of objects. You may.want,to substitute any story
which provideithe same stimulus for investigation. If you do
this you may need to substitute, for the popcorn, another
filling material to suit the different situation.

0
MATERIALS

2 containers of different volumes with deceptive shapes
(The children shoUld not be able to tell at a glance which
container would hold more.)

popcorn (or similar filling material) in I large container

-- for each group of 3 or 4 children --

I tray with 2 small containers of different volumes..and
shapes (e.g. 6 fl. oz. juice can, 3 oz. Jell-O box)
(Ask the children to bring these froM home.)

I plastic container (12 oz.)

PROCEDURE

With the two large containers exhibited for the children, show
them the popcorn and ask whether they like it. Tell them that
you know a story about another child who also liked popcorn
very much. Then proceed with the story, "Pete's Popcorn
Problem," or any similar one you have selected.
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PETE'S POPCORN PROBLEM

Pete liked popcorn very much! He ate popcorn plain and

buttered. He liked popcorn balls and caramel' popcorn. He ate

popcorn while he watphed TV and as a snack just before he went

to bed. He liked going to the movies becauSe he could buy an

especially big box of popcorn there! Pete would even eat popcorn

for breakfast -- if only his mother would let him.

him.

One day Pete's father told-him he had a special surprise for

"What is it, Daddy? What is .it ?" Pete asked.
. .

"You will find out on Saturday. I know you will like this

. surprise very much!"

Pete woke up, early on.Saturday. So did Daddy.

"Today's Saturday, Dad. Tell me what my surprise is --

please!" Pete asked.

"We will-drive to the surprise. Come on! Let's get started!"
Father answered.

SoOn they cane to a big; big building. Pete saw a sign. He

didn't know many of the words on th:e sign but he did know one!

POPCORN!

"A friend of mine owns this popcorn factory," Daddy said. I

told him hoW much you like popcorn. He said we could see workers

here getting all kinds of- popcorn ready for people to buy."

Pete and his father met the man who owned the factory and he

showed them the popping machines. Then Pete saw how they packaged

the popcorn and how they made popcorn balls.
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When they had seen all these things the man said, Would you
like to take some popcorn home?"

"Oh yes!" Pete answered.

"You must decide one thing. Here are some different con-
tainers." (Point out the two containers you have set out.) "You
may fill one of them with popcorn."

Pete looked at the containers. They were different shapes.
He wanted to be sure he took as much popcorn as he-Cduld. He ,

knew he had a problem!

WHAT DID PETE WANT TO FIND OUT? (Which .

container'would hold the most popcorn.)

HOW dOULD HE FIND OUT? Ask the children'
for suggestions.

Tell the children that they should all be thinking about how
they could help Pete soive his problem. Tell them that you
will be giving them some objects that may help them,

Now arrange the children in groups and give each group the
set of two small unfilled containers and the plastic container
filled with popcorn.

Ask the children to find out which container (juice can or
jell-0 box) they would use if they were going to take home
some popcorn. As they are doing this, watch each group,
noticing the various methods they use'. You will want the
children to get the idea, that the various containers hold
different amounts. Some children may even see that if th6y,
fill one container and then pour that amdlint into the second
container, they can tell which 9ne holds more and how much
more.

The questions you ask might be similar to those listed on
the next page (depending upon the situation).

7
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. HOW DO YOU DECIDE WHEN TO STOP FILLING
,A CONTAINER? (They should imagine a flat top on
each container.)

2. WHICH HOLDS MORE POPCORN -7 THE JELL-O
BOX OR THE JUICE CAN?

3. If the children have filled both containers with
some popcorn ask, CAN YOU FIND OUT ANYTHING
ABOUT THE CONTAINERS USING ONLY THE POPCORN
NEEDED TO FILL ONE CONTAINER?

4. POUR THE POPCORN FROM YOIJR JUICE CAN INTO
THE JELL-O BOX. WHAT DO YOU NOTICE?, .

Collect the materials when you feel the children have had
sufficient time for their investigations and bring the class
together again. Show the large containers and ask for some
ideas about how to help Pete take'home the most popcorn.
The children' s first thought may be just td compare the con-
tainers by observing. If it .is, ask them to suggest. a method
of testing. Try several suggestions. The-mostefficient is
probably to fill the container which they think holds more
and then pour the contents of that container into the other one.
If the first does hold more, some of its original contents will
spill out or be left over. If it does not hold.as much, the
second container will not be completely.filled.

The first time the children try filling a container, ask how'
they know when to stop filling. Guide them to realize that
they must agree on where the enclosing surface is to be
located, if it is not concretely represented, as in this: case:
By agreement, have the children see that it is convenient to
imagine a top or cover for each container.

WHAT DID YOU FIND' OUT? (We found out which con-
tainer holds the most popcorn.).

WHEN WE TALK ABOUT HOW MUCH SOMETHING HOLDS
WE ARE TALKING ABOUT VOLUME.

41*
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WHICH CONTAINER HAS THE GREATER VOLUME?
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Lesson 17: ORDERING CUBES BY VOLUME

This lesson provides experience in ranking two or more
objects according to volume._ The children will also learn
about another test for volume.

Minnecubes

PROCEDURE

Show the children the 2 1/2" and 3" Minnecubes. Hold
them far apart so that the edges cannot be compared directly:

WHICH HAS GREATER VOLUME? wl

HOW COULD YOU SHOW THIS WITHOUT FILLING
EITHER MINNECUBE?

If they do not suggest' putting one inside the other, just open
up the 3" 'cube and place the 2 I/2".one inside, close the flap
and show the children Q11 sides of the cube.

'WHICH HAS GREATER VOLUME?...

Briefly discuss with the children ace idea that if one object
can fit entirely within another object, the'enclosing object
has the greater volume.

Then compare other pairs of Minnecubes (I/2" - ,I", I I /2"
2" ,- 2 I/2," 3" , 3 1/2" 4" ,) leaving them inside each other
in slew 'of the children.

Now shoW tlierp three 1V1innectibes (3" , 3 I/2" 4") .

CC uLD SOMEONE PLACE THESE CUBES IN ORDER
BY VOLUME?

As they determine this ordering, emphasize that they must
compare each cube with both the others (i.e. , they must shoW -

that the 3" cube has lesser volume than the 4" cube and the
4 1/2" cube).

N
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Have groups'of children order entire sets of the Minnecubes,
placing them in a "train!-5rrangenient such as is used in
Activity 8.

Game: Charlie Choo-Choo
Arrange groups of thre pr four children along one side of the
classroom. Place one set Of Minnecubes in a mixed arran.je-

,_____niPf.nt--a-crOss. from each group -about ten to twelve feet away or
on the opposite sideof the .room. Take the 2 1/2" cube from
each set and place one of .these by, each group of children. Tell
the-children that they will be building a train called "Charlie
Choo-Choo." YOu haVe given them. the middle car. Their task
is to arrange the rest ofthe cubes (cars) in order by volume to
complete the train. The children in each group will take turns
in looking at.the train they are building, deciding which car
(cube) is 'needed(on either end) and getting the proper cube
from the .n ix ed: set. As the train is built, a cube whic\-1 is not
in the correct place should become obvious because of the ir-
regularity in the lirfe of blocks.

70

A variation of this game would be to build the train out of
sight of the set Of bloc_ ks such as behind the teacher's desk
or in the coat hall.

The children might also enjoy playing with commercially
; produced nesting blocks or "Kitty in the Keg" (Child Guidance)
\ sets.

I
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Lesson IS: vpLumEs-of SOLID OBJECTS /

The children have ve nOli4..e..xper,i440.4 c1-4,W01,41-4,1mgak.lilpOOds fO1--.com. ....---,.......,..........,-,,,-,,,-,,,cmov4
paring volume' --.filling and-erios,ing'''', Both of these, methods
ti.9q-6Aple-a-s-a-prbpe..Aty.....of tul...Q.bia_ciLroaugred by' f tiling up
The irfsidl*. Ne,ither of these methods is satis factor y for corn-

---paring the volume of solid objects.
.

One satisfactory test involves comparing the "space one- solid
object akesb in watewith that taken by another object. It

, does not seem desirable to introduce such a test explicitly
here because this method and the other two Co not seem ob-
viously.related. For instance, filling one box and pouring
thattaterral into another empty box does not seem related to
putting two stones, one at a time, in water and coMpay.i/yig the
two new water, levels. They could be more clAsely relatqd Sy
filling two, empty boxes and comparing the amount of -spa4 '"
each box then took in the water., but this seems too indiricti4w.,,o,41,,,towto
for this age level.

, It is desirable forthe 'children to see that objects:do tare up
space in water, tIthough.this is not introduc,ed. a s a wa 1 of
measuring volume,, as such. They will also see That ch nging
the object in some ways does not alter the amount Of space
the object displaces in the water. . ,

...f 4

MATERIALS

pitcher

crayons

plasti,pine of at least 3 different colors

-- for each 2 children --

I trey

_l_plastic-conta in er-(ta 11 ,--12-oz

- 2 pieces of plasticine of different colors, shapes and
volumes
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PROCEDURE

each team of two chi'.1dreri a tray \A. i i a plastic oon
tainer partly filled with water, and the twp`piecer.6f-Thy
described in the materials list. .(To re ti`Ce- the amount of .

splattered avatar, some teachers ',riser a gtialtrito each lump
of cla*V., others rnsert a' paper.cLip tio, to a string.) Tell the,
children to Put the objects in the vyateier one at a time. As they
do this, a tquestions similar tcy th follow ipg:/,

,WHAT HAPPENS WHEN YOU j31))' ONE OF YOUR NECES
OF CLAY IN THE WATER?

.

WHICH PIECE OF CLAY iVIAKF YOU .WATER RISE
HIGHER?

When you feel the children h ,had sufficient time for inves-
, ..

/h, tt1201.0.,1./-*:0) foot, 4,1..... I V., V.U.949.M:?114::Z9.ike- ter la
,

-Show the children twO-unequal amounts of clay of two &if-
, ferent cOi2rs. Roil one into a ball and the other-Into a long .

thin oylinder, Ask the child yen to presdrct what NAlould happen
if the objects Were put in the water in a pitcher or a glass.
Through suestionirN, predicting, and testing they should ob-

., serve that:
- The rising water shows that the object takes-space in the

water.

- Different sized objects cause the water to rise to differefit
levels. '

There must be some way of marking or recording the level
for each object in order to compare the various levels.

---. Changing the shape of an object makes no difference in its
volume.

I
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It is best in a situation like this to guide the children in sug-
gesting the operations to be performed, always kcepinq the
desired concepts in mind. The activity might proceed in this
way:

Show the clay ball and clay cylinder.

WHAT WOULD HAPPEN IF THESE WERE PUT IN WATER?

t.
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Children suggest putting both in water.

WHAT HAPPENS? (The water rises.)

Take both object out of the water.

IF JUST THE gALL IS IN THE WATER, DOES.,THE
WATER ME TO THE SAME LEVEL AS WHEN BOTH
OBJECTS ARE IN THE WAfER? (No.)

WOULD THE CYLINDER MAKE THE WATER RISE TO
THE SAME PLACE AS THE WATER WOULD RISE TO
IF THE BALL WERE PUT IN?

HOW CAN SOU FIND OUT?

Take out the ball and put in the cy:' )der.

NOW CAN YOU TELL WHICH MADE THE WATER
RISE HIGHFR?' (We can't be sure.)

HOW COULD YOU REMEMBER HOW HIGH THE
BALL MADE THE WATER RISE? (We could mark
the water level.)

Take the cylinder, put in the ball, and mark the water
level with a felt-,tip pen orubber band.

NOW HOW CAN YOU FIND OUT IF BOTH MAKE THE
WATER RISE TO THE SAME PLACE? (By taking the
ball out and putting the cylinder into the water.)

Take out the ball, leaving the mark, put in the cylinder and
compare the levels. Then reveise the shapes, making the
bah into a cylinder and the cylinder into a ball. Refer-to the
objects frQm now on by their color,2since this property has
remained the same while the shape has changed.

WILL THE RED CI AY -- or whichever color is appropri-
ate - STILL MAKE THE WATT.:R GO HIGHER? WILL IT
TAKE UP MORE SPACE IN THE WATER? (Yes.)

I-TOW CAN WE FIND OUT?

8 4,
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Shoi the children three balls o claV. The ballS should
be of (Id erent colors aria of substa tiall different -volumes.
Ask a ch ld to put one ball En the w ark the level.
Have othr children put En the same baud d see that the

trss to the's.ame level each thine. R peat this proce-
dure fOr t e other two balls, Label jeach lev 1 with a mark
the same olor as the clay.

Wipe off t e clay after Et is remove4i from the øttçher so that
water will lot be kneaded into the lay. LI yo haven Lai-

; coaciy done p,44t-may be desirable to bury a pa er clip with
ci string tie to.it in each c*y ball to help En pu ling the, ball
from The wa er. The children may Ekant to see that the paper.
clip and string do not cause the water level to rise a detect-

amount

Assign three c.liererent children tO ake a figure fro each of
the clay balls, using all of the cl y.. When they a e finished,,
aslc,which propertteof the clay f a ve changed and hich
properties have not. Aftertha chilthen idve !Elena° ed sev=
er I changes, ask if the property of the clay that ma es the
water rise to a particular mark h s changed. Have t e chil-
dren test 11 e figures in..,,the watei and compare the wafter r level
of each.object to its original mark.

if too much a ter is lost from th'e container in removi, g the
clay, new water may be added periodically to keep the water
level (Without.clay), at its original level. The childre should
sec, why this is necessary. .

Arrange the children in three groups. .Divide one o three
balls among' the children in each group. Tell each chil, to

r/ make an object from his piece. / When the products are in-'
ished, disduss which propertie1s have changed or not c anged.
The number of piepes from each ball should be noticed t this
time. Ask whethe'r the clay hid the same number prope ty be-
fore. Point Out thet.the number of pieces was "one" be ore.
If no one noticed the numberiIproperty, it should help th
dren understand that it is difficult to nape all the prope ties
of an object.

I .

Now ask which, group's clay itakes the most space in the water.
Emphasize that you want to find out about the space all f the



pieces of esich color take together. Ask. how the children
could find out the amount of space each color of clay takes.
Have each group put their pieces in the water and observe
the level. It is unlikely that the children will notice the re-
lawn between the space of the pieces together and that of
the original ball. Commend anyone who notices that the pre-
y.ious marks' on the ditcher are still useful.

8
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Lesson 19: ORDERING OBJECTS BY VOLUME

This lesson gives the children more experience in ordering
volume. They use two of the tests for volume, that they have
used previously: enclosing and filling.

MATERIALS
.0

sets of Minnecubes

3 jars or bottles of different ;hapes

pitcher partly filled with water

PROCEDURE

O

Show the children three Minnecubes (3 1/2", 4", 4 1/2") and
ask whether they can,arrange thein in order by volume. Have a
child test his visual estimate by nesting the Minnecubes (the en-
closing test) to be sure he can place them in the right order.
Have thect.Abe with the. least volume placed to the left side of
the children, the largest to their right. This orientation is con-
sistent with later work on the number line.

B The test for volume here is by filling. Show thechildren
two bottles or jars which are very different in shapes but not
much different in volume.

WHICH CONTAINER HAS THE GREATER VOLUME?

HOW COULD WE COMPARE THEIR VOLUME?
.

After various methods have been tried, fill one of the contain-.
ers with water. The water may be dyed writh'tood coloring in
order to make observation easier. By pouring the water from
one-container into the other, the childien should be able to
tell which` has the gred ter vothme

tot

Now ask how a, third bottle would compare with the other two.
Let the children perform tFie test and place the three bottles in
order 13y volume placing the one of greatest volume on the
right.

8 CI
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SECTION 4

PURPOSE

TIME DURATION AND TIME ORDER

_

To introduce time duration and time order of events
To give practice in the. correct use of such terms as
"longer," "shorter," "greater than," "less than,"
"before" and "after," when referring to time.

To make tests determining which of two events has the
greater time duration if the events start together, or
end together, or if one event begins -before the ether
event and ends after it.

COMMENTARY

J

In this unit the terms "greater than" or "less than'.' have al-
ready been' used to compare the measures of a common prop-'

'erty of two objects. The terms "greater than" and "less
than" are quite general and may be applied to most comparisons.
The property which is being compared is sometimes unclear
without further description. However, special comparative
words can be used which imply the property that is meant. For
example, "longer" and "shorter" suggest the property of length,
as distinguished from "larger" and "smaller" which might apply
to other measures of size (e.g. , area, volume). Yet even the
terms " longer-I' and "shorter" might me. something takes a

,longer or shorter "time" just as somethihg is longer or shorter
"in space." ,

An event is here considered as a particular sectior. of experience
in which some change occurs. Thus typical events might in-
clude counting to ten, walking around the room, singing a
song, drawing a picture, or blinking an eyelid. They may be '
of relatively long duration (the melting of an ice cube) or of
brief duration (the swing of a pendulum). An event is related
to time as an object is related to space, i.e. , an object has

= spatial extension and an event has temporal extension.

Throughout this section diagrams will be used to illustrate
certain points in the commentary. The diagrams will use

8
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line segments which will represent durations Of events.
For example':

:).tart A eEnd
B

Sta rt End

The 8bove diagram indicates that event B_had a-longer-dura-
tion than crventA. Also- diagram makes it Clear that both
events started at the same time and that event A was finished
before event B.

What property of an occurrence (activity, event) do we mean
when we say it takes "longer" than some other one? This
property of an event, which is analogous. to that of length

space for an object, we can call- its "duration" or "time
duration." The duration of some events may be compared in
the same way that lengths of objects are compared. The
lengths of two objects rriay be directly compared by physi-
cony. placing- .the 'two objeets together side by side with one
pair ordrids aligned': and Chat object extending'beyond the
other in space has the greattr length. Similarly, durations
of concurrent events may be compared directly if both events
begin or end simultaneously. That event which continues
after the other has stopped, or starts before the other has
started, haS the greater duration. .

Diagramatically the abOve situations can be shown;

S

-S
E

A E
B t

B
Se E

Another analogy between duration and length is that of appar-
eht sameness. If the observer cannot detect a difference in
the duration of two events, the events will appear to have the
same duration. But whether two events will or will not appear
to have the same duration depends on the sensitivity of the
measuring devices used for Lhe comparison. For example,

888.
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horseracing fans in the grandstand ma think two horses both
finished at the same time, but the judge -- with the.help of
photographs -- may be able to observe a kfference in the
durations. The "same duration" is analogois to the "same
length" -- it depends on the sensitivity of th length meas-
uring device. The word "duration" is used inst ad of "time"
in order to avcgid confusion .with another .tifne-i'el&ted idea.

Besides the dur tion of events, the order in which .se events
occur can also e considered. Placing events in orde by
co 414111ri ng wh n they occur is called "time ordering." Suppose
one observes, o events washing dishes and eating di ner.
Two time-related observations can be made regarding these
events: (1) that washing dishes has a lesser time duration \
and (2) that eating dinner occured before the other event.
The two time-related properties of this section are time
duration and time order;.

The time ordering for property events which is based. on before-
after relationship, may be determined in terms of memory. If
one event is perceived directly, and the other is remembered,
the remembered event occurred before the directly -perceived
event. An observer notes three events, A, B, and C.. A

occurred before B, and B occurred before C. The before-after
relationship is transitive and one can infer that A occurred
before C. The sequ'ence A, B, C is said to be time-ordered.

NOTE: Before starting the next Lesson, read Lesson 23 and
begin planting a few seeds each day according to the instruc-
tions given there. If you do this now, seeds will ha germ-
inated and be ready when you need them.

8.9 79



Lesson 20: UP IN THE IVIDRAThq.

Here you use a picture story, "Up in the Morning," to lead
the children4to consider how events are arranged in their time
order. The children learn to use correctly such words as

- "before" and "after" to denote time relationships.

.MATERIALS

1- 8 panels of story, "Up in the Morning," each printed
on heavy paper

PROCEDURE

The picture story shows the activities of a Minnesota family
on a wintry morning, Mix up the pictures. Then show them --
one at a time -- and have the children help you place them in
the chalk tray in the proper time order. The time order cho-
sen by the children may not be the same as the arrangement
of the pictures in this manual, because events in their-homes
may occur in a different order. Select any picture first and
show it to the children. Do not read the verses to them at
this point. Ask questions that will require the children to dis-
cuss what is taking place in that particular scene:, e.g.:

WHAT IS THIS BOY DOING?

WHAT IS THIS GIRL DOING?'

Have a second picture placed in order with respect to the first
one to the left if the event pictured happened before the
fit .-zt, to the right if it happened after. Repeat the .steps --
discussion, comparison and ordering -- until all eight piCtures
have been arranged. Emphasize the fact that to determine its
place in the sequence, each new event ust be compared to

each of the previously ordered events.

DO WE EAT BREAKFAST BEFORE WE GET RESSED?

DO WE BRUSH OUR TEETH BEFORE OR AFTER EAT-
ING BREAKFAST?

After all the pictures have been placed in a time order decided
by the class, discuss the panels in sequence and read the
verses to the children.

80
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We put on our clo no time to lose,
Button our buttons a d tie our shde.



We pick things up

from whexe they

We make out beds.

at least we try
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We smell the food that's on the table
We run to eat (4\s soon as we're able.,

I
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We wash and brush' till we're clean a 4a-t

.L,pok us over from heads th feet.
189.



Hurry now, it's almost eight.,

Quick! Boots and mittens before we're fate!-

4

*s.
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p
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Are we ready?

Is everything done?

Open the door
4

- it's time to run!
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Lesson 21: COMPARING DURATIONS OF EVENTS
. .

The purpose of this lesson is to help the children observe and
describe events in terms of their durations and to lead the
children to discover'that durations of events may be compared.
The case in this lesson would be:

Freeze A
Melt

Freeze B

Freeze e---- Melt

PROCEDURE

Melt

Explain to the children how to play the game, "Statues." (Any
bodily activity may be used in the game such as waving the
arms and hands above the head, marching in position, simple
rhythmic calisthenics, etc.) Have them start moving around
and at your command, "Freeze," ask them to held their posi-

-----trons as as -statues. Then have them relax when you
say, "Melt. " This game provides an excellent Opportunity to-
introduce the word "duration." Explain that the time during
which each one remar,s a statue is called a "duration." Use
the word frequently so that the children become used to it.

Have the youngsters "freeze" and maintain the position as
long as they (:an. When a child moves, ask him to sit down.
Conclude the game when only a few arc left "frozen." The
object of the game is to hold the statue position for as long
a duration as possible.

After the game ask the children such questions as:

WHO FROZE AS A STATUE FIRST?

WHO FROZE EAST9

They should all have frozen at the same time. However, be-
cause they are all participating and not simply observing, they
they may not see all the events of freezing as simultaneous.
If this difficulty arises, ask:

99
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D ALL OF YOU FREEZE WHEN I SAID "FREEZE"?

Yotf -may agree-with the children that some were slower than
(Dithers to freeze, but if the differences were negligible, say
o.

WHO SAT DOWN FIRST?

WHO WAS NOT A STATUE WHEN EVERYONE ELSE ,

WAS A STATUE?

WHO WAS FROZEN AS A STATUE FOR THE LEAST
DURATION?

Optional questions.

WHO SAT DOWN LAST?

WHO REMAINED FROZEN AS A STATUE WHEN NO
ONE ELSE WAS A STATUE?

WHO WAS FROZEN AS A STATUE FOR THEQGREATEST
DURATION?

00
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Lesson 22: "QUESTION TIME," A GAME COMPARING DURATIONS

In this lesson, the children compare durations of greatly dif-
fering magnitudes by playing "Question Time."

PROCEDURE

Ask the children questions about durations that are relatively
easy to compare. Some children may also enjoy making up
their own appropriate questions. Suggestions are:

YESTERDAY DID YOU SPEND MORE TIME AT
SCHOOL OR AT HOME? ,

DID IT TAKE YOU LONGER TO PLAY STATUES OR
TO REST?

HAS IT BEEN A LONGER TIMEDURATION SINCE
YOU WERE .BORN OR SINCE I WASBORN 9

YOU WERE BORN OR YOUR BABY SISTER?

WHO IS THE OLDEST CHILD IN YOT3R FAMILY?

WHO IN YOUR FAMILY IS THE OLDER YOUR
SISTER OR YOU'

Compare a five year old with a six year old.

WHO IS THE OLDER?

WHO HAS BEEN LIVING LONGER? Nt

Of two children who both are now six years old, ask:

WAS THERE A TIME WHEN ONE WAS FIVE AND THE
OTHEtt-SIX? The children may experience difficulty
in answering this problem because they do not know
the order of the months. .This is an Opportunity to
intrqduce the subject, or you may wish to leave the
problem unsolved at this time.

1 0
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Lesson 23: COMPARING GROWTH OVER LONG DURATIONS

Irr this lesson the children compare long durations of events
which end together.- They will- also note severed properties of
objects, which may change with time.

Planted

MATERIALS

Plante o

Pla n t 0,1

Now

N(')w

N(,w

2 kinds of seeds (about a dozen of each). Field corn
and cowpeas have been used most successfully. If these
are not available, use lima beans, pumpkin, squash or
radish seeds..
6 to 8 clear plastic cups or glasses with foam packing
orkitchen paper toweling (not the tan lavatory type which
may be toxic to seeds) or 6 to 8 DisPo plastic seed
poucheS. 'DisPo pouches may be ordered from Scientific
Products, 3846 Washington Avenue North, Minneapolis,
Minnesota 55412; telephone: 529 - 7735, Area Code 612.

PROCEDURE

R, This is the planting activity which should have been start-
ed _lust prior to teaching Lesson 20 so that the seeds will have
germinated'in time for use in Activity B. The instructions are:

1. First day: Plant 4 to 5 corn seeds in a pouch. Add
I to inches of water to the pouch. Then tape, it by its
edges to a well or to the window (if the winter weather
is not too cold).

Below these, plant 4 or S cow,pea seeds.

2. Following days: Plant 4 or 5 seeds of each kind on
each day, until all are planted: Place each day's pouches
to the left of the preceding ones.

1.01)
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3. Let the childt=eya help plant and water the seeds. En-
courage them to ob,serve the plants daily; watch the seeds
sprout, discover roots and shoots.

If_you do not have seed pouches, use clear plastic containers
or water tumblers for the plantings. Press each seed against
the inside of the container with,a wad of wet paper toweling.
Place the seeds against the sides of the containers (not at the
bottoM), so thap children can see the seeds as they germinate.
If a single piece of paper toweling doesn't-keep the seeds
against the sides of the container, stuff another piece in the
center of the jar. The drawing shows the arrangement. The

opaper4stoweling must be kept moist. If it dries out too quickly,
,place an index card over the top to slow do,wn evaporation.

Seeds germinating

t

;

.

B Point to the seeds that have been growing for the longest
duration.

0

DID WE PLANT THESE BEFORE OR AFTER THE OTHERS?

WHAT IS DIFFERENT ABOUT THEM?
LI

103
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Note changes with time. Height changes of corn plants are
most easily observed. Direct tfit children's attention to the
root hairs which are clearly visible. Individual variation for
seed:, planted at the same time should also be noted by chil-
dren. They may want to try.to explain why so). individual
plants are taller than similar ones which have been growing
for a longer duration.

I 02
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Lesson 24: OBSERVING THE 'MME ORDER OF EVENTS

This lesson7lZal-g'Vith the Comparison of events starting to-
gether and having short durations. The children will also ob-
serve time order of events Which are in close succession.

MATERIALS

Starr*

Start

End

4
End

1

2 `sheetsiof paper for you and 2 for each child. ,These
sheets should be 6 to 9 inch squares, or if there is_an in-
terest in paper folding, f3 x 11" yellow second sheets.
(Most pulpy writing paper breaks too easily when folded.)
(Optional) book, Paper ,p1ding for Beginners, oy Vvllllam
D. Murray and Francis j. Rigney, Dover Publications, Inc.,
New York City, N. Y. , 1960 ($1.00)

a penny and a feather

a pair of oblects for each child: one that flutters to the
ground, such as leaf or maple seed; and one that falls
quickly, such as a twig or pebble. You might ask the
children to provide these.)

PROCEDUR'L'

It may not be necessary to do both Activity B and Activity D.
Activity C is a preparation for quantitative measurement of
duration which the children study later.

FA I Show two objects made of similar pieces of paper. One
may be an origami paper-folded bird or kite, or just an un-
folded sheet. The other should be something that falls more
quickly, such as a 'Paper glider. (Most classes will have
at least one child who is expert in making gliders.)

IF I DROP THESE TWO" OBJECTS, WHICH WILL TAKE
A GREATER DURATION TO FALL TO THE FLOOR?

'105 103



HOW CAN I FIND OUT? (By dropping them.)

Drop first one object, then the other -- releasing them -abePttt
four feet above the floor. t

CAN YOU TELT. WHICH OBJeCT TOOK LONGER TO
.FALI., TO THE FLOOR?

Since you released one object-before the dther, the children
should dot be able to convince you that they could tell which
object took longer to fall. Instead they should see and Sug-
gest that yol'i drop both objects at the same instant. Carry out
this suggestion.. If both objects reach the floor so nearly
together that discrimination between time duTh-tions is dif
ficult, accept as a suitable answer, "Both objects had about '
the same time duration for falling to the floor."

Give each child two pieces of papi.B

C-A-N-YOU-C-HP;I\IGE.ONE-OR-BOTH-0 .YOUR PIECES
OF PAPER SO THAT"ONf TAKES A LONGER DURATION
THAN THE OTHER TO FALL TO,THE FLOOR?

Some children may need help in making birds, planes, gliders,
etc. Show them how in small groups, and supply extra paper
to children who do not like their first efforts. Some children
may discover'that leaving one sheet fiat and crumpling the
other into a ball produces an easily.observable difference in
duration time for falling -- if they release the flat sheet
horizdntaby: If there is time, you may want to encourage
the children to color their objects with crayons.
ra
C

D

Show a penny and a feather.

CAN SOMEONE TEST TO SEE WHICH TAKES LONGER
TO DROP TO THE FLOOR?

Give the children each two natural objects, such as a .

leaf and a small twig '(or a maple seed and a pebble). Have
them test to see which takes longer to fall to the floor.
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Have the children compare the duration required for a
penny to drop to'the floor with the duration of a single; interval
between regularly repeated events. metronome, clicking:
timer, or light flasher would be ideaf, but a child clapping
his hands is regular enough. .

SHOW US HOW YOU CAN CLAP YOUR HANDS SO
THAT THERE IS THE SAME DURATION BETWEEN
CLAPS,

Suggest making the duration between claps longer and Chope
a child who claps about twice a second -- (100 to 120 times
per minute.) 2

IF WE DROP THE PENNY WHEN JOHNNI CLAPS,
WILL IT H'T THE FLOOR BEFORE HIS NEXT CLAP,
AFTER.THE CLAP, OR AT ABOUT THE SAME TIME?

Start the child clappinq regulariY, and give a signal such as
"Ready, set, go," for dropping the penny. Do not let the
clapping child seethe penny being dropped because this f

will unconsciously affect his rhythm.
0

WAS THE PENNY DROPPED BEFORE, AFTER, OR
ABOUT THE SAME TIME. AS THE FIRST CLAP?

WHEN I SAID "GO, h DID THE PENNY HIT THE FLOOR
BEFORE OR AFTER THE NEXT CLAP?

If the children have difficulty telling whether the p4nnyhit
before or after the ensuing clap, merely point out that this
is difficult because this duration is so very short.
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L-lsson 25: DURATIQN OF EVENTS THAT START TOGETHER
s

. This lesson gives the children an opportunity, to compare
durations of events that have considerable variability, and
to note the effect of practice on the performance of a task.

-

f Start

MATERIALS

Start iv

.End

-- for each two children --

2 clear plastic containers

21sugar cubes

craft or Popsicle stick for stirring

.1"^ "" 2 Fizzle;

-- for the class --

`End

2 mazes, to be traced by a child's finger, as large
as feasible. These can be drawn on the chalkboard
or on poster board.

..vi..ridup toys, such as cars , animals or play TV sets.
Try to include two that .take about the same' to run''
down. The children may be able to provide some of
the toys.

PROCrzuPE

Show water in a plastic cup and hold up 'a sugarcube.

WHAT bo YOU THINK WILL-1APPEN IF A SUGAR
CUBE IS PUT IN ,WATER?,

5
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Drop the cull in and have the children watch. Repeat, but
this time have a child stir the water without poking the cube.
Have another child determine when the sugar has all dissolved
("has disappeared," "is all gone").

WHICH SUGAR CUBE TOOKJHE GREATER DURATION
OF TIME TO DISSOIVE?

HOW .D0 YOU KNOW?

HOW CAN YOU TEST TO MAKE SURE?

Give containers with water to each child but a stirring stick
to only one child of each pair. Distribute the sugar cubes to
small groups and have them .all start togethbr. Children with
sticks should use them to stir the water, The others should
not disturb their solutions. Have each child si4\nal when he
can ;to longer see any sugar. Ask for observations of each
pair:

WHAT HAPPENED IN YOUR GLASS?

WHICH OWE, SEEMS TO TAKE LONGER TO DISSOLVE?

Other experiments may be done by pairs of children, if you
find it feasible. 'You could give some children warm water,
as well as stirring sticks. You could also substitute ice
cubes for sugar cubes and have the children observe the dur-
ations of theirmelting.

B
1

A popular repeat can be done with different sized cups --
6, 7, pr 8 oz. and Fizzies soft drink pellets. These rise
to the top and can be easily observed. In addition to the
time duration and time order questions, you might ask:

C. t`

WHICH SEEMS TO TAKE LONGER, THE SUGAR
OR THE FIZZES?

Let the children m,ke the comparison test.
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C Draw on the chalkboard two finger mazes similar to the
ones illustrated. One should be a coil maze with six or
seven turns. The other should appear to be more difficult.
However, with practice the latter will require a shorter dur-
ation to complete because of the shorter route.

44,

START WITH FINGER AT THE BUTTERFLY OR. BEE.

GET TO THE FLOWER WITHOUT CROSSING ANY
LINES.

Let two 'children trace the mazes at the same time. Have the
rest of the class determine which takes the longer duration
to trace. Have the children repeat the activity several times
until practice alters the relative durations of the tracings:

,e
D Start two windup toys at the same time and let them run
own. Disregard the distances moved, as you want to

separate the concept of duration from any notion of speed.
This will be natural enough, as some of the windup toys do
not move along the flcior, and some do,

7,

HOW CAN YOU TELL THAT THIS TOY, RAN FOR A
GREATER,IDURATION THAN -THIS ONE? (It is still
going. It stopped last.)

Windup cars can be used for repeated comparisons by having
different children start them together.

FE1 Strike a high note on the piano while depretsing the hold
pedal. A short time later strike a low note, still depressing
the It:Ad pedal. Release the pedal, which-will cause bdtn
notes to cease.

WHICH NOTE HAD THE GREATER TIME DURATION?
(The first note-.)
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Lesson 26: DURATION OF EVENTS THAT DO NOT START TOGETHER

S

Here you provide the children with experiences in comparing
the durations of two events that do not have a cpmmon bey
ginning. Events in this lesspn have the following relations:

E

E

S E S E

E

77

S E

These relationships are not simple, and complete mastery by0

the children should not be expected. They should see that
they can.be sure of the comparispns only in the first two
cases.

MATERIALS

- 2 or more windup-toys from Lesson 25, or games
or puzzles from other lessons-of this unit (Activity A)

-- for Optional Activity B

record player

I or more records selected by you for their suitability
to use with various instruments Such as your voice.
or a child's, a tambourine, tom-tom, drum or stick

or

piano and accompaniment, othermusicians- in tbrcla-ss-
.r

PROCEDURE

EShow the children two windup toys.

HOW CAN WE TELL WHICH TOY TAKES THE LONGER
DURATION TO RUN DOWN? (We could start both
together and see which runs down first.)

Suggest that sometimes it is difficult to start two toys at
the same time.
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IF THE TOYS ARE NOT STARTED TOGETHER, COULD
WE STILL TELL WHICH HAS THE GREATER DURATION?

Perhaps many solutions will be offered. The children may
suggest that the one whidh they expect to take longer be
started first, and then the other, so that both finish to-
gether. Try this. If the two toys do not end together,
ask:

CAN WE STILL TELL WHICH TOY HAD THE GREATER
DURATION? (We can.if the toy that was .started
first stops last.)

A diagram of the situation could look like this:

E
s E

Ask the children to suggest other events (finger mazes, writing
on the board) where this same situation can be demonstrated.

The third situation is where the firSt event starts before the
second and ends before the second. Dia,gramatically this
appears as:

So S.
or

S E S E
In this situation a comparison of the duration will appear
simple when one duration is, much longer than the other. Try
to choose examples where the difference is obvious, Proceed
then to examples where the difference is less obvious until
there is some disagreement as to which 'event had the longer
duration. Tell the class that yoit too are unable to detect
which was longer.
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5-1 In this activity you may be able to use the talents of chil-
dren in the class who have had some musical training. If not,
you can use the piano or recordings and have a child accom7
pany either, on signal from you, by beating a stick on a
wooden block, beating a drum or tom-tom, or rattling a tam-
bourine. Many combinations of two events are possible:
you could play the piano and sing to your own playing for the
three different time durations specified; you could have a
Child sing on signal; you could have children with two dif=
ferent instruments play them; or you could use both a record
and a percussion instrument youFbelf.

Whatever combination of sounds you decide to use, make sure
that the children put their heads down on their tables or covert
their eyes. Be sure, too, that the sounds are easily dis-
tinguishable by the children. For example, you Would not
use a percussion instrument with a record that employed the_ \
same, or a very similar, sound.

Let's suppose, for the purpose of illustration, you have chosen
to u8e a record and to sing along with it. You would always
start your singing after the record has started playing, then
end your singing at these three times: before the record ends,
at the same tirne as the record ends, and after the record ends.
(If children perform, tap each one when he is to start and when
he is to stop.)

Hold a discussion about the time duration of the two events
after each playing. If practicable, use several different
records and a different accompaniment with each.

When using questions similar to those that follow, you might
ask the children to bow their heads and indicaie their choice
by raising hands, in order to minimize the effect of group
approval.

HOW MANY THINK MY SINGING HAD A LONGER TIME
DURATION THAN THE RECORD?

HOW MANY THINK7Tlit PLAYING OF THE RECORD HAD
. A LONGER TIME DURATION?

11 3
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HOW MANY THINK I STARTED SINGING, BEFORE THE
RECORD STARTED?

HOW MANY THINK THE RECORD .STARTED PLAYING
BEFORE I STARTED- SINGING? \

HOW MANY THINK THE RECORD ENDED BEFORE MY
SINGING DID?

HOW MANY THINK MY SINGING ENDED BEFORE THE
RECORD STOPPED PLAYING?

HOW MANY THINK MY SINGING HAD A \LONGER TIME
DURATION THAN THE RECORD?

HOW MANY THINK THE RECORD HAD A LONGER TIME
DURATION THAN MY SINGING?

Also to be discussed:
\

WHICIPEViNT STARTED FIRST? WHICH STA47ED
LAST?

WHICH EVENT ENDEli FIRST? WHICH EVENT',
ENDED LAST?

WHIGH EVENTS CAN WE 13E SURE HAD A LONGER
DURATION? (Those that started before and ended'
after the second event. Those that started before,
but ended at the same time as the second event.)

WHICH TIME DURATIONS CAN WE NOT COMPARE?
(Those where the second event started after the /
fir.St event bnd ended after it.)

1 1 4
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Lesson 27: INFERENCES FOR TIME DURATIONS

Here the children will infer compqrisons in the context of
time durations of three events. They will observe:

S
A SoloE

and 0 C

and will infer: -

S o
A

o E
S

MATERIALS

2 plastic containers

2 Fizzies

I sugar cube

I spiral maze

PROCEDURE

Place the two containers in view of the children. Fill each ,

one approximately 3/4 full of water. Drop the sugar cube
and one of the Fizzles into.' their respective cups at the same
time. Ask the children to observe.-

WHICH ONE USED THE GREATER TIME DURATION
IN DISSOLVII4G? (The sugar.)

HOW CAN YOU TELL? (They started together but
the Fizzie melted first.).

Remove the sugar water from sight. Display the finger maze
and select a child to run the -maze. Have the child practice
one or two times until he can run through the maze quite
rapidly.

,
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HOW CAN WE FIND OUT WHICH TAKES A LONGER
DURATION A FIZZIE DISSOLVING OR THE CHILD
RUNNING THE MAZE? (By starting both at the same.
time.)

Select another child to drop a Fizzle into.the glass at your
signal, "Go." Both events (running the maze and the dis-
solving of the Fizziff) should start together.

WHICH EVENT AD THE LONGER *DURATION?
(Dissolving thell fizzie.)

HOW DO YOU/KNOW? (The girl running the maze
was finished/first ).

z

WHICH EVE T HAD THE GREATER DURATION --
RUNNING HE MAZE OR DISSOLVING THE SUGAR
-LUMP?

Allow -tha ch ldren time to discuss and defend their .answers.

After this discussion, When-the children have reached a
_

decision a out which event had the-greater_durationp let
them chec it by trying the sugar lump and maze again._
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