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and beans’ purchased at grotery.stores, Whatever your— - -

v

" Notes on Seed a'nd' Plant i:ic'i)erime’nts :

(Lessons | aild 2) - ,

It is best to buy seeds from a reputable seed company,
though sbme “téachers have had good resweits with dried corn

source of supply, pre-test your seeds at- home, so that you.
can gemothers ‘if necessary. Soaking the dry seeds over-

,night' 711l speed.up. germination, Soakir'g for longer.periods

dogs no fafm but chxldren have to be, more careful in plant-
1ng s( they do ot break off . the sprou..

* -

Bes1des corn and bean seeds, you will need a-few whole,_/'
potatoes and whole onioris, - In some part§ of the country

*such pgoducts.are treated with growth—inhibiting chemicals,

‘The plants will first flower and then bear‘beans’in pods.

'so look for 51gns\of sprouting before you buy. The local

Farmers Market should be-a good source for viable potatoes, .
and onions-if you cannot find any at your grocer's.
Some children have never seen a bean plant or even a bean"
pod ang have no idea how beans grow . ~ Some, childrén have *
seen only dried bean seeds, or frozen or canned gréen beans r
that have been cut in pieées . It will be interesting to the
children if yQu let a few wax-bean plants grow to maturity.. .

- ]

ConsuIt the MINNEMAST Handbook Living Things in Pield’

Al

and Classroom for other- useful information about plants,. o
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.Fe‘won Carroll Lane and Herminie B. Kitchen; Plants «at Feed Us;E. MC,.; .

Hale and Co., 1961, Good illustrations., An 1nterest1ng and unusual
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" BOOKS ABOUT TIME — for tl1e chxldren ! - "

R ¢ '
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Hart, Jahe; “Let's Think About T1me, Hart Pubhshmg Co., N.’X. , 965,
+ . Second graders can rgad this’ material. v

.

o Mchley, Phylhs' Wonderful Tlme, J.B. L1pp1ncott and Co., Ph:tladelphla,
! 1966 o-Poetry about time, mqtivates thinlk;ng about time. - &.

N

o Reck A.lma Kehoe, Clo¢ks Tell Time; Charles Scribner's Sons N Y. ;1960
L Descnpt1ons ofJRany kinds of clocks on a s1mple level‘

. <
Rookcastle Verne; @eegmg Time; Cornell Sclence Leaflet Volume 59
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"¢ 2iner, Feem.e, The True Book of T1me, Oluldren s Press Chlcago, 1956, )

Makes, effectxve use of time lapse* photography and revealmg closeups’ -
to(glv&“ children a'new approach of the marvels of plant growth
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Cecropla Moth Martln Bovey Fllm Producer.

The life cycle of a cecropia

. during the teaching of Sectian I,

) moth is presented: with great clarity. This is a creative film show-
- - ing the development of the moth in parallel wjth the blooming of
© v different plants throughout a summer, beautlfully donie.

¢ e

- What Plants Need for Growth; Encyclopedia Br1ttan1ca Fllms, 1150
* Wilmette Avenue, Wilmette, Illinois 6009l Sifmple laboratory
_ experiments are performed to 1llustrat the basic needs of plants--
how water, light,'minerals, air ana warqth affect plants and to
show how plants react to favorable and u favorable conditions.’
.. Children are encouraged to set up s1m11ar perifnénts and to care
for plants of the1r own. - '

A
woals

' Wonders of Pfant Growth Churchill Films, D. C Heath and Co.- An B
’ eight year old girl and a six year oid boy plant dl\fferen kinds of .
. seeds ond observe their growth over a period of wee\ks, Plant .,

_-growth from roots, stems;, and leaves is also shown; ‘The children

in the film work independently. . . .
. - LY © -

*

. NQl:‘E The fllms are not referred to 1n the. lessons but the ohlldren will

.beneflt a great deal from sec1ng them . When you obtain-the films, show them
They will reinforce and extend the concepts
being developed in that sectlon‘ The.Cecropia Moth, for example will show
the children that animals, as, well ags plants change with time.
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. INTRODUCTION

. Inprevious MINNEMAST units the children. have had experi-
ence in observing and describing some changing and unchang-
ing properties, In this unit we want them to .focus their
attention on thé way two changing properties in a system are
related to each other. The children are guided to discover

. ,;the relation %épmeen two ‘changes by settirig up a number of

experiments, In an early eXpériment the childreén plant corn, .
They obsérye that there is a change in the height of their

. plants thatis related to the change in the number of days

’ since planting, - Similarly, as they drop marbles into & con-
tainer of water, they see that with each change in the num- .-

. _berof marbles, there is.a change.in-the height~oFthe’"watéf}"" o

‘and that there is a relation (or rule that operatés) between -
the towo changes, - ' ° - .

" Reldtions between changgs like these are called functichal . >
relations, If me surpment‘$ of the changes can be 'made, the
relation can be vividly shown aon a graph. Therefore the
children are given experience with séveral different methods
of graphing the changes. (The stages in the development of
graphing skills are outlinéd on the next page of,this intro=
duction.) - 4

But even where measurement is difficult or impossible, the
relation befween changes can still be investigated by obser-
. vation and/or experimentation. . For example, the <hildren do
an experiment where they let one potato sprout in the light
and another in'the dark, * It would not ,be difficult for them to
- ~ measure and comparé the longest sprout on each potato, but
it would be impossible for them to -measure precisely how
much light {or heat) each potato received during the growing
._period. In such a case, the children.can still observe the *
" rule (the functional relation) that operated. They can make."
a fairly atcurate statement saying that the potato that had
less light had the longer sprout, or that there is a“relation
between darkness and the rate of growth. e
. - . LR . " \
The concept of functional relations is emphasized af this
point in the curriculum because it is.basic to man's attempt
to understand :éhe world around -him. Ability to recognize and
. interpret the rélation of one change to another and to express

1]
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that relation in concise form is an important aspect of s€ien-
tific and mathematical‘investigation. The limited understand-
~ ing which the child acquires now will aid: him in his attémpts
. . to explain his environment, _His understandmg W1ll gradually
) be extended as h1s studies contrnue
To bring. out.the advantage of graphing-in helping to visualize
) S functional relations+and to record and commumcate data, the
' children are given many Opportumtles to plot their measure- -
N ments on grids. , Stages in the development of th1s skill in
this unit are, g1ven below
Stages in the Development of Graph1ng
T e *F.5 Paper strip lengths), measured by direct.-comparison, are o
* .- used to- represent, plant he1ghts vsi, roughly equivalent t1me
— 1ntervals. Example: Each child cuts a strip-of t1cker tape
: each day to, correspond to the height of his growmg corn
“ L K ’ plant. Hé pastes these unnumbered lengths of tape side by
. " side on a grid where the intervals mark the number of days
since planting,

e g ] 2. Paper stnps measuredqby direct comparison are then
measured with-a centimeter scale, and the numerical meas-
L . urement is communicated. Example Each child Keeps &
. . record in centimeéters of his plant's ‘daily height, He exchan-
. . " des this data with his neighbort, and both are ‘able to c¢ut and
.. . ) paste str1ps'tq the nght lengths from the data.

“

3. - A str1p marked W1th a cent1meter scale is used for meas-
T . urement, cmttlng out one of the stéps above. Example: Each’
- . child cuts strips marked off in centimeters to correspond to
v . hls plant s daily height, When_he pastes these numbered
‘strips 6n a grid, he (and the others) can see that it gives the
_plant he1ght vVs. 5 days since planting. - -
“ 4, The length data is plotted ori a grid without past1nq on
Cy ~ paper str1ps The appropriate lengt‘h is measuréd on the grid
paper with a centimeter*scale. Example: Each child marks.,
= : off the. dally height of his plant in- centimeters above the num—
. : .Y Lber of days “which are marked off. along the horlzontal axls ..
. . - . < '
[ ) ;
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° V : : 5. Coordinates are added to the vertical axis. Example:
X-axis is now numbered on the grid lines, instead of in the
spaces between them. Y-axis now only represents ceriti-
meters, where prcﬂously it marked' off those measur-ements.

. b Ordered pairq are plotted. Example: Child collects his '
data, gathering a record of two.variables, He then plots it

. - by "going GVer,"° to find the first coordinate, "going up" for
/‘ " the second ‘coordinate ; and marking the point at the inter- .
h / section of the two grid lines. . s

‘Some of the early activities lend themselves particularly, - _
well to the earlier stagés of ‘plotting, In later activities, .
B ~ - -——various stages-are-suggested-as appro'pria”te ~but yoLrshould— B —
y%, USe your own judgment, nioving wo more advanced stages asd
soon as you feel your class is ready. Stage.6 is developed .
in Secfion 4 and will be reinforced repeatedly in later work., . &
. - The work irr plotting is intended to give the children skill in .
graphlng but, more intportant still, to emphas1ze the func-
tional relatlons deplcted by the graphs,

& e
.

Many functional relations 1nvolve a measurement of the dura— »
tion of an‘event, Therefore "the unit.includes several lessons ;"
. which review the determination of duration and its associa- . .
S o tion with clock readmg It is suggested that you use these
' lessons as indicated in- the unit plan on page 6, but carry
the activities of Lesson | I (TWelve Hour Clock -- Minutes,

4G

'; : Hours) on throughout the balance of the year, 1ncreas1ng the '
‘f;\‘;;) W L t\:omplemty as your class progresses.
= " This unit includes several aot1v1t1es 1nvolv1ng funct10na1 re- .
lations where measurement of a time interval is -not a factor, e

Bxamples are found in- Lesson 15, in which the change of
) depth of water is assogiated with the number 6f submerged .
) i N marbles,.and in the series ‘of lessons relating the weight of
- ""an objett to its volume -~ found by water diSplacement. The -
lessons on weight and volume jllustrate not only functional
N relations which are independent-of tiine mea surements but
. also’lay.a foundation for work on density to be developed
later Density itsélf should not be discussed at this time.

NQOTE: For a brief summary of the unit objectlves X . ¢
‘ turn t% page 163y . .
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"NOTES ON TEACHING THE UNIT .

*

~

o

t

Some of the activities of Section |, Plants, will extend over
many days, though often requiring only a very few minutes
each day, . However, some things in this section should be
done on certain days of the week. The lessons of Section 2,

and ensuing section§, are to be‘carrled oyt concurrently with “l

Section |, on days when the plant -activities dg not require

much time or have been completed. The lessons of Sections
- 2'through 5 need not be done on particular days, but their

sequence should be maintained unless you feel that some

- are not necessary for your class

- EE

Spec1f1cally, the plant1ng of the corn in Les son | should be.

~

!

¢

discussed and done on the first Thursday that the unit is
_used, with corn kernels, you have soaked over the previous
‘night, The activities of Lesson 2 should be done on thg

"o first Fr1day., One of these activities requires wax beans \

""soaked over Thursday night. Addltlonaf pre-=soaked beans_
.-should be, planted each day until the first Spec1mens have
grown to the point where they have their first leaves. Then
-a typical ‘bean plant from each day's planting should ‘be dug
up and the set arranged’in order of the number of days since.
plantlng. _— i . >

o

kS
P,lantlng the .pre- soaked corn on Thursday (and» the: pre- soake
wax beans on .Friday). insures-that by Monday“ltheremwﬂl be

-—gufficient growth of the plants to permit the first nieasure—
.ments, - Worksheets are provided only for recording. the mea-
surements of each chitd's corn plant (The development of
_other plants can be recorded on the’ chalkboard ) ‘The. perlod
of observation and measurement extends over three week—
ends, so that pred1ctlons about the probable growth can:be
made every Friday and checkéd aga1n,st the actual measure-
ments 6n Monday. On the f1rstweekend thé children can
only guess at what will happen to their seeds. But by the

-

d

~

o

v

~

next Priday, after measuring their plants for five schépl days,

they can perhaps make more sophisticated estimates of the
amount of growth that will ‘take place When, on the third

Monday, they haye ‘checked the prevfous Friday's predlctlons,
the plants may be discarded -- but only after a full discus-

' sion of the changes that have taken. place in the plants,
L . - " - N ~ . « 1 . . \; .

A

at




The suggested schedule for teaching (on pages, 6 -7) should
be helpful in showing you how to ‘schédule the lessons of the
“unit so that the two daily per1ods devoted to MINNEMAST can
be used most effectively, It shows-a plan where you start
teachmg the unit on"a Moénday and explains how to modify
the plan for other startmg days. .o

.
3

" THE GROWTH OF MY CorN PLANT ‘
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- "*'SU?\;GESTED—TDYCHINC& SCHEDULE S Cen
~ 3 V. ’ . .- . ) S
If you start the uhit on Tuesday or Wednesday, do Lesson 8 ' “
‘ that day "and d1sp1ace~the Téssons of Section, 2 accordmgly
S~ on the schedule =~ conductmg J&sson 8 or Lesson 9 on i N
~ \V\Knesday and 9 or 10 on the follbwmg Tuesdax, etc,
If you stmﬁe\umt on Thursday, do Lesson | that day and ' \ )
do not start the lessoneofw 2 unt1l the followmg \
Tuesday. . . . ‘ —_— N
. Wherever you eee a blank on the right gide ‘of the\pag,\ni ’ e
. “means the lessons. of Section | will take up the two full -
MINNEMAST periods for that day. When the.plants are d1s\
o -carded, which occurs.on a Monday«v(the eighteenth day since ) ‘
. plantmg the corn), you will have-no further need for this - - - e
schedule, 7 - . ¢ R ’ o ‘
) ' & i
) . * ¥ - . o X . . o
Section I~ . .. - L. ... . -+ Section 2, etc, e -
:M N . . " . . ) B - - ...,. * LessonS' . '. . A )
L y ~‘ T ' . . ~ ) g A
T ‘ *s .. .7 Lesson?9 o
w ‘ * Soak corn kernels overmght for- . Lesson 10 . 3 s
‘Lessonl L e o ‘ ‘
. n i . M @ - " a;:
Th . I :sson It discussion; children; - S R | -
. plant pre-soaked COrn, soak wax ‘ - Ak T | '
beans for tomorrow . K - .
T b . " . S 'd-- 1Y ' o i,v
F Lesson 2: expermlents with . "
potatoes and onions;. children” - . LT .o .
. N . R - [ -
_.plant soaked wax beans; pre- ‘ S o :
- dictions. about changes in«the T . . .
,plant assign a child to soak . . T
a few wax beans on Sunday ' o ST
. night for Monday's planting.’ S ¢ L - *
‘. . , B * j . ’ ¢ - a )
S - % . . .
» , - . ) ‘,. ¢ ’
-1 .
: oy ~ 'Q ’ ® X ' \ { " 1
\ ) . b
hY] ' “




Sectlon 1, gontinued « - Section2, etc.

U - fesson 3¢ fust meusuremcnt
and record of height of corn
seedlings; check predictions;
» _ observe changes in other"plants,
waking chalkboard record of .
aro"'th of wax beans and of . . .
other plants, ds desired; _soak S ‘ . \ - ‘

- . «
-

a faw more wax beans B . . .

~

T Continue plant’ observatmns, . Lesson |1 S

© .mpasure and record corn*growth,mw_,_“’_:_; A " E
plant soaked beans; chalkboard .. : ST T
record of beans, etc.; soak.a : ' T

fow more beans.» .

A - -Same-as. T L X Lessoh 12 - oo

Th Same as I‘«_and w ‘ v - - Lesson I S .'.__m_;_’

- Lesson 4: prcdj,c’ting, but other- ,Lesson 14 : i e
vise same as T, W, and Th; - ' - . a7
.assigs-a_child to soak beans on : " . <
Sunday night;

“I © Tesson 5: check,predictions;— Lesson 15
.+, planta few more=sodked beans, \«\

-soak a few mOLe

s

- tu

T _Continue plant ObSL tions; ' Lesson-16

" medsure and record com growth; _

‘plant beans; soak beans. . . . * -

W Sdm as T o Lesson 17 " cohT

. Th Qdme as T and w o Lesson 18 t '
. . _ .
T {esson 6 preditting, but other- v lesson 19 " s
. wisesame as T, W, and Thy : ’ d

, - llast planting of beans, : :

M Lesson 7 “check predictions; - . e ! I
final discussion of plants; ‘ Jo o :

' , discard plants. . . C. »

T - e @ ] . Continue unit _
) ‘ ) sequentially.. . T

.

PAruiToxt provided by exic i
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PURPOSE -
v, &
v — To give the children some exper1ence with 11v1ng plants

. —.To have thé children observe:, describe and compare .
.changes 1n the plants, ‘ . . .

-~ ‘To‘ teach wayé of representing and recording the 'change‘s. "

. . .~ To teach the making and reading of gréphs l «

. L -~ To convey the idea that graphs are "plcturGS" “of certaln o
‘ R . relations betweén changes

..

¥

= I‘o show how graph1cal records of relatlons can be-used'
to describe and pred1ct changes

[y

.
"*“"*—-—*-Q.-._ - N o n Lt
- “Wm~w~.-m e e -
LT W e by o o

COMMENTARY o ‘- “”‘*ﬁ ‘:&ftm'i-m ——e

=
.....

*

soaked overmght to s')eed up germmatron It is best to
schedule this lesson for & Thursday., so that by the follow- : *
. ing Monday there will be enough. plant_ growth for the chil~,
o .. dren to measure. Therefére, if you plan to start teaching
C ' this unit on any other day, begin with Section 2-and return. .. |
. T T oY th1s lesson onsthe first Thursday. o ] "

K

AR Lesson 2 prov1des some exper1ments the chlldren can do to
. " observe changes in potatoes, onions and beans. The les- . .- -
v . son prov1des an excellent opportunity for the children to
a ' to make up and try: other experiments and they should be.
encouraged to do so-with whatever variety of materlals you
< . can provide. The children who: participate'in Activity E of
this lesson continue to.plant a few wax béans (soaked ovér-
night) each day for about ten days
R TN : " &
- o After the f’rst seeds are planted and the experiments set up,
' “dally plantmgs observatrons measurements and drscus-
. 1ons will not take up much class time Use theé remaining
tine to teach other lessons of the unit (see Suggested Teach-
1ng shedule, pp. 6= 7) , but reseérve a full period or two for a,

.J(“

. ~.

"




AR . s

.7 , . final d1scuss1on of the changes just before the plants are .
1. v K discarded. If possible, keep the corn plants until the eight-
Tt : ‘ eenth day after planting ( a Monday) so that the children can
: . check the previous Frlday s predictions, but dispose of other
plants whenever y’ou think appropnate.

“

) Yy . .
Lessons 3 through 7 are concerned only with the corn secd- . o

L : . ) lings. In these lessons each child not only has the pleasure
T : ' of working w:.th a living, changing thing and of speculatmg
. ‘ about, its development, but he also is given the exp°r1ence
v ' of measuring,it, and recording and graphing the measure-
‘ ments. Each child should become aware that the height of
+ the plant increases as the days pass, and he should see the-
" conneétion between the numbers recorded in a table of plant
growth and -a graph made from such a table. : '

, Ne child should dis¢ )ver that by using a graph he can- )
. _ "1om”’t°“sﬁe*hew—the_xw;;deeven ven-
oo =T 2 « ture to predict how it will continue to grow wght-to_-

. _\ A . learn that a graph is, in a sense, a picture of the relation
U . between the helght of a growing plant and the duration of
S ‘ 1ts growth since- = should also discover that the ,
I : " curve that shows his plant's growth is
) ' - other similar plants. This illustrates the fact that hvmg

‘ >  +  thingsvary. .-
.t . . RS -

T A " '"I'NOTE In any work with plants, seeds should be tested,
‘ : ¢ ahead of Ltime to determine the percentage of germination.
N If you test the planting procedures at home f{irst, you will
Lo -+~ . "~ +» also be able to anticipate the children' S problems\ and quesr
B .tions; and to make a few” measurements to get an idea of

Co - \ how the plants will perform. You may also want to start a

' . .few extra plants in. se some ghildren are not successful

” . with theifs, .If eacty planfs thrée corn seeds, in his i
KSR o paper cup, at-least ( sprout and one can be meas- o .

v ured, the other bein t for a spare. Neédless to say, , .
NI ! _ no two plants will be exactly alike, but this in itself dem-—
VY ) onstrates the variation inherent in the biological worlc
» . » ’Seeds will germinate morée rapidly and are more eas11y eas-
EEE . ured in sand, but soil may be easier to. obtamt If 'so,. use »
E it. For more help and suggestions, consult the MINNEMAST
. T Handbook, Living Things in Field:.and Classroom.

-

» -
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Lesson. 11 PIANTING CORN - ‘ .

*

Conduct this lesson on a Thursday. Prepare for it by soak-

ing overnight sweet corn kerrels: (tpree per child and . a few _
spares) and a few kernels of other kind$.of corn, such as

' popcorn, calito corn or field corn,
') [

In Activity A each ¢hild will plant three pre—sogked"‘s'weet
corn kernels in a small container-of sand or soil in order to
lrave at least one healthily growing ‘plant to tend, observe,.

_ % describe and measure during the next two weeks. Seaking .
the corn kernels speeds up germination, 'so that by Monday -

each-¢hild should have.one measurable plant.

The diversity of Activity B deperids on What materials you
can provide. Itis deSirablé that the childzen experiment by
planting,some unsoaked kemels of sweet corn, by planting
a few other kinds of corn for comparison, by testing growth
in soil.against that in sand, and by seeing how-a corn-plant
grows (1).in thé'dark; (2) in extreme hebt and (@) in
drought, - I BRI ‘

—_—

RathérmmNién&precede anql"follb'vg the plantings.
Suggestions are given inE?aE:‘tT:ﬂtfesJ the direction of

¥

these discussions, but the children should contiibute-as . :
much as they can to each. You may also wish to have th;N

draw picty at they think their.seeds will becoms;;
and later of the plants as they—=
Corn s a very important American crop. It is processed in
many ways, some of which are familiar to children (corn

* bread, corn flakes, corn syrup, popcorn). Corn has an ‘
Jinteresting history’}“too; and it has sometimes been used as

a decoration in North and South American architecture. *You
may wish to take advant®ye of the cliildren's interest in
their corn plants by having them investigate somé of these .
areas in.their social studies (Optional Activity C) during .the

weeks they are observing and mea‘s,gring their corn plants,

N . .
- - h “
s . i
< . "
-
- .
. - .
o~ .
’
N
§

-
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MATERIALS

-- fbr each child -- .
<

els soaked overnight L.
ontainer filled to within one. -
ough to cling®

-

-3 s'wég:t corn kern

¢ other small ¢

A — | paper cup o
p with sand or soil moist en

inch of the to
when squeezed in the hand ©  ° :

.

“'\/ - - tape’br label for tHe child'sAname n

[

-- for the class -~

. — a few soaked and unsoaked kernels of various kinds ¢
-of corn : h :
v — a few.contajners of sand N Co .
o _ a few containers of soil - ,
C e - P - : . .
‘  ~ plasti€ wrap oD . .
. . « Y *
. . K - . Al ®
.ot T a few paper bags S :
- . . . I
o , {. - optivdal == . - ' ‘
; Y~ pictures and books about corn® ’ .7
y CL . . N 3
N ° ' ; - . 'l; -
.. PREPARATION . o R

&
%

e sweet corn ker'n‘e1$ i*equireda fot each -

. T 4 . child in Activity A, and some of the other corn kernels yott~..
en use in Activity B. Moisten the sand

. \}ﬁan to have. the childr '
\i to be used and fill the papér cups or other small con=
area out of the direct =

. ‘g8ak overnight the thre

- W orseil to ! !

T ST tailxers"WJ?Wefore class. Select an .
) " sunlight where the childrents plantings will thrivé, Except

f Activity B, do not let’ the ‘ghildren place

' . in-the gxperiments o
any locations where they will suffer

WL .+ . plants on radigtors or.in an
. . . from excessive heat or cold. s
T T Ce . T T e ST
, *  PROCEDURE o .. —
‘. Activity A ' S ‘ K

Have, the children ‘speculate about what will grow from a
1l get, how long it will

sweet corn kernel, how,large it wi
and so on, let them do most of

take to reach a certain size,
the talking, but focus their a tention on several ideas:
{\

€



b . ‘l .
1. (1). Many. th1ng~s change from day'to day. (2) Living things ”

: change in a way we call growing =~ ‘which means to become T *
larger in some way. (3) Plants are alive and grow., . T e,
~ \ N

Then ask the ‘children how they cou}d find out how much the _
- seeds will grow and how they will. change. They should . o
ST S suggest plantmg the corn and obsewxng the- growmg plants, - R

e cnmmbmir 77

‘. When' the children have suggested plantmg, ask them to L e
. . think,about what would make up a plant-agrowmg system. - : o
They. should be able to say that sand or-soil, water, and”’
light or warmth are necessary parts of such axsystemr .
¢ R !
Now give the children a contamer of -
sand or soil and a 1=abe1 Have each
child print his name or 1n1t1a1s on the,
label and paste it on the contamer. CoNL -

- -

" LT v

N Show the children how to plant'their =+ ~ N
, seeds by push1ng the seeds down - "
.+ about one-quarter to one-half inch -
below the surface-of the'sand, then.®
; . » e .smoothing the sand over the top.- ‘-"
c . - o - (If the seeds are buried too deeply, N
’ : : the seedling may take longer to -
T .o L : reach the surface, A good depth fors S
B _ , " plantipg is about equal to the’ thick— .° ‘
S A " nesg of the seed.). R

Lo
-~

»  After the' seeds havé been ‘planted,
sk the children‘how they could keep |

* the sand ioist over the weekend. .
Then have.each child place plastlc ST -
wrap loosely over the tgp of the con-
tainer so that the sand will not dry -
‘out. . ‘ .

S -—_-\‘ . t ) ’ "
Onsthe chalkboard, make a record:
= Soaked sweet corn kernels planted
. . .- . byall students, Thursday, Jan. 5\)

o
. A
L .o 4 . . o)
B . »

el

i

v - . Now ask the children where the containers should be placed‘
N (Lead them to choose a shelf or table ou\“o\f the sun,)

»

- N -
|‘2 ) ) e * T N . * = T T
- . -~ “ - . -



* L] —— . - N .
- . e . . v ’ ey s ) o - v * ‘ . . . - «
. ., v ” \ » 1 \ (] . !
- ‘e

B /~§ . “r - Finally, ask the “ehildren to make predictions about What . S
.. “wiil happen to-the seeds fHey planted Hate them speculate. ' -~ |’

! how quickly the plants fhay. grow.in the different'potsrand- * ** % °

» ‘ .; : suggest factofs (water, - sunlight, warmth, the quality’of the o

RS P seeds themselves) whrch hnght affeg:t the rate of grthh IRt S

. ."'- - , -
<4 .

" N SR . Se - .

- .« LA . .

L hetivity BT T T e T P
. ; "" , In this actrVity you want the children in, ’each group to use . oL .',,
s ~ .+ asemuch mgehuity as they can in thinking of an- experiment '
- "+ to dowifh thg seeds.. If the.childréd have trouble thinking "
I ¥ ofplant experiments by themselves, ask them why you o K
: * soaked the sweet corn ketnels which they planté‘d Ifthe. * ~ . o
. children have no theories, suggest that on€ group plant °, AR S
4 some unsoaked seeds as an expenment' El],cit that all the v . ,

. other cond‘-f’tmns of, the planting must- pe the same, * , . . R

s
3

N - ¢ ..
< ' .. ' " -'c\)h
.3,

et ‘Othersuggestions - R SR AP Vol

-
PN e o . ~ : P

Ask the children\to speculate about how pppcﬁrn n‘iight look ' sy R

as it growg, Will it be as large a plant as“the- ‘sweet cor't’r'? AT .
How can‘?ey find out‘> "Have them plant'some. < ,* . -

LR L Many plants grow‘,m the desert What isa desert hke° .~"‘-- o 1
i . «+'  (Itis hot and dry.] Do you, thl.nk popcorn would grow there? « s R

S a How, can we. fifid out? Guid,é the  chilldren to plant some > pop-.
\ corn and place it op.a radlator \ o T D .
—_— ‘\\ , ) \ ‘?‘\’.2- . ," . . _. R X Lg s
P B - 'When you planted yout sweet!corn kernels, why dld 1 ask you
I | . to keep them out of thesdireet sunlight at f1r°t° Does, thor
- _— - : much heat'from the sunlight prevent the kernels from sprouting ' A
R as quickl§? Does, it preveht them from sprouting at all? N
, oo e T Have the children set up an eiperiment to find out. - ) RN

Fid
o -

. v, T . 0 o, . «
' ‘o + How er‘darkness affect a seedhng s growth? Have the Chll“
SEPE " dren’ do sorﬁe plantings and cover &ach container with a paper-

-, bag® - The'ir may be astomshed!at what happens. The corn )

) ‘ seedlings niay grow very fast at first, especrally if it is warm .

oo . ) underthe bags;, but later -- though they may. .continue to grow oo

. . ) tall -- they will become pale and slckly froin the lack of light.

v I ' Do not,.;ell the children this; let them flnd out by obserVing .

their,experiments. .No record sheets are provided for the ex-- " \
t Y - périments of this actrvrty, but you can help the children keep .. ‘

) * track of what they Kave-done by marking the -contamers and hy

-writing the data on the. c‘halk~board

S T R - [ l . o « e
.
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. , o . }\ctivi‘ty- C (Optional

", . PURN
‘ A

K
« LY 4

_-}Reading, wrifing and-art lessons may be qééd to take advan- -

tage of the children's interest in their plants. (A desctiption
of some good primary books is given in the bibkography on

" page viii.) The chi.ldrenfmight 'like. to-talk about their own

experiences with house and garden plants, or try some plant
&xperiments at home.. See the MINNEMAST Handbook for
suggestions. - : - .

- [
:

_NOTE: Read Lesson 2, which yau will conduct tomorrow .
(Friday), so that you can decide how. many wax beahs to
soak, and how many other kinds of beans, potatoes and”

. L8
.0

. ~ onions you will need.
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"LesFon 2: EXPERIMENTS WITH ON'IO’NS’ POTATOES: AND fBEA'i\TS

o but perhaps not as good; for growmg a crop. ’I’hese differ=

o tj-;éo:rrﬂcinct th1 s*“le“s‘smro?r{ri'd‘ay Preparg for it by soakmg — —
wax and other klnds of beans overmght L . L

v ) . . ; Do

In this les’son, the children pbserve changes in growing ,

onions, potatoes and beans durmg two weeks, They observe
some effects.of enviXonmental condltxons on the growth, {
Small groups (four or fewer children) carry out simple experi--

ments mvolv1ng ohé- or more of these factors . Two or more™. o

groups should be domg the same activity, but interest, can -,
be added by havmg each group Use a different kind of omon, -
potato or bean. Results with the different types of plantmgs .
will be somewhat{different, but not contradictory.,. The use )
o of“a_.\Tarl_e't?of malerials (either differént plants, or sand in . ;-
' place of soil) actually will furnish a kind of inSurance of -

some results; and variation in itself is an’ important charac— .

terlstrc of hvmg things. 'I'he kind of potato which sprouts -
slowly; for example may be better for keeping in the store,

LY

enée<. can be exploited 1n the aclassroom as poxnts for discus- |
sion anduspeculatlon . S - . .e

. . N .
- . - - 1

AZ'- ! - L% . -
'MATERIALS : TN . A - ) .

. ? ! < . L . Q

. .
- LR I -
L . ~

one group: Double or trlple- the amounts, as necessary

__._,/‘*‘M ..
" 2 onions, 2 small Tars of water toothplcks (Act1v1ty A) 2

- 4 potatoes preferably beglnmng to spnout (Actzvltres B,
C D) , R s 1

. - ¢ " -
- sprlng scale or beam balance from Uit~ 6. If beam bal—‘
ance’is used, provide shall paper chps or beans as

e weight units, (Actlwty o) B -
~7 | small plastlc bag (Activuty C) i e e
- 2 .small pots of -sand or sozl with saucers (Act1v1ty D)

e - 20 or rhore wax beans; soak 2 or 3 beans overmght to be
ready for each day s, plantlng (Activ1ty rE) AR

- Ig plastlc shoé- box or pan of $oil (Actlvity E) o

.~ =.10 row markers such as craft sticks, plant markers ¥ RPN
tongue depressors (Activity E) -, oA .

Ly

“ AT
. . A

p Quantmes spe01f1ed for each act1v1ty are sufftct,ent for only r,,«. e ]
- // -




® PREPARATION ‘ - S o

>

Figure out how many groups will be-doiflg each activity and :
try. to find & variety of onions, potdtoes and beans to_suit. . o
N Onions could include Bermuda, spring, white and red. " '
-«Potatoes. could be Idaho of Ohio: Beans could include wax,
lima, navy, green, or.pinto. -Have the group soak two or

at

-~ three wax beans each night (for ten‘niﬁjii,ts. or so) for Activ-  * " ° 5
v ity E.: ) '
, . L | ~ o (
PROCEDURE | : . o
Activity A - ' S ' - o B

LN

Group A prepares, the two onions. One onion is“set above

. water in a jar in the light and the othef is set up in the same
way*, but kept in a dark .place or under a cardboard box or '
paper bag. Usually within twenty-four hours siall roots
will begin to appear on the onion kept in the'light.‘,_‘_The
children doing this activity should make.a drawing or other

- record of the onions right after they have been. sét up, and

another -after roots appear. There is a lot of root growth -
betfore the top develops. If a child should want to place an

. onionupside down oyer water, let him try that, too: . S

If necessary, use - y : v SR
< . toothpicks to-hold R : ‘ : L v -
orions in place. | AN

~ o

s
‘\ )

\
“
R - o o :
’1 : ¢
v ¢ ,’ N ‘Q——w
i R

[ \

- " Onion over Wéter, . Onion over Water
" in Light = . inDark .



Activity B i *

Y

-

Group B uses whole potatoes. One potato is placed on a
table or shelf i the light, A second potato is placed in

a dark drawer or cupboard. - Within a few days the young
sprouts on the potato in the drawer will be’ longer and paler
than thosg on the ope in the light. Only-a few of the
sprouts will develdp. Drawiqgs or.other records should be

made of sevéral stages of develqpménﬁ.A . ) : oS
S > ! o
Activity C

3

8l

Activity D’

"Wwill probably be longer and palér

\

Group C uses pieces of potatoes. Cut several cubes-about .
one inch in siz¢, with’at least one eye'in each’ cube. Leave
the skin on. One piecé should be exposed to the air and
one should be enclosed in a plast"i'c bag., Keep the latter

out of direct sunlight or stréng heat. The exposed piece will
turn dark faster, shrivel and los_e'weight due to evaporation.
Have the children weigh the pieces with the spring scale or

beam balance immediately. Then have them weigh the pieces’

after several days. The two weights should be recorded so
that @ comparisonof weight ‘changes can be made. Any
changes in appearance should also be described, -

»

,"Group D prepares two pots of moist sand and plants a piece
~of potato (with oneé or two eyes) in each pot. The eye shoyld

be above the sand level. After a record has been made, both’

pots are to be watereq, and’ LY
one placed in good light. : The
other should be nearby under a
small“box or light-proof bag."
Within two or three days the
sprouts on the piece in the dark

than those on.the one outside7™ 4
and sometimes roots will appear
on the surface of the one in the
dark, especially if the soil is
kept quite moist. Co

-

\




Act1V1ty E

®

o ’ .
Group E is to make a series of plantxngs of beans to compare

plants that have been growing for different lengths ‘of time.
The children should prepare a tray of soil and plant in it
each day two bean seeds which have been soaked over the
previous night. They should mark each row with the.date on
a craft stick stuck inthe.soil. " (The extra seed is planted

to increase the likelihood that at least orne plant will devélop
for each planting, ) Care should be taken to cover the béans
Wwith no more- than one- fourt,h inch of soil or an amount about
equal to the thickness of the bean. The 3011 should be kep‘t
fairly moist and two beans Qut to soak each night for the
next day's planting. Each large container, should be labeled
with the name of the bean planted in it (wax lima, navy, .
pinto, etc.). :

) . ’ . . ‘ .
f " N t M
Wax Bean |. ~‘ ‘ . e J

" Plants AR TR N e

i »

3

At the end of the f;rst week reports .can be made to the
class by each-group;, These-reports can be cont1nued over
the next week if interest 1s sustained. o,

¢ ad

When some of the beans of Group E have their f1rst leaves ,
one of the seédlings from each day's planting can be dug up a
and the whole series arrariged in order of the number of days_
since planting., The stages of development can be observed
and discussed, and the root structure studied. (Let some |
plants contmue,to grow so the chlldren can see they produce
first flowers and_{;hen a new generatlon of beans )




Suggestions for Discussions:

~ but will not be contradictory.

.

-

~ onion that had'two é:lemeh;:s (water and light). They-should B

g

< - z - .. 4

N < < s
\ Y

"In Lesson | thé children defiried what they thought were the
essentials for a plant-growing system. In Activity A of this
lesson, one onion had only one element (water) which'was

- considered necéssary. The-children should discuss what
happened to the onion thus deprived, as well as to the = .

compare.thie growth ofithe two onions and speculate further -

about the absence of soil:* Would planting in séil, with

water and light have made a difference? Consult G}roup‘“D.'

The children who did Aetivity B should note that one potato o

bad nohe of the essentials f a plant-growing system, not .

even light, They should discuss how the light affected . ‘

growth of the sprouts and try to explain why, the potato in *

the dark-sprouted faster. (it Probably.was warmer inside

fhe drawer or cupboard.) Did the patatoes perhaps have

‘water within them? . Let Groups C and D contribute‘to this. ¢ -

-
¥

-

Group C was not ‘triing to grvow'anything", Their &i§cussions .
should concern how the exposed piece of potato dried up and

! discolored more quickly than the piecg protected by the:plas-

Atiq bag, and why., And chiefly they shoul,_d bBe concerned ‘ . .
with comparing the changes in weight of these partial plants. '~ ..

Group D shodfa _discuss what the deprivation of light didto R ) '
the potato that had every other essential for-growth, try to . '

find out why it thrived, and compareé its growth with that of

the potato that had light, . ~ .- ‘ -

. Thé children who did Activity E-should make records of the
growth of the beans. If various kinds of beans were planted,
the growth of the- différent kinds should be. compared.’ The

results with different kfnﬁds of beans will vary somewhat, .

The genéral conclusions about the plant expefiments should ,

be that plants vary a great deal in their growth: Some seem-
“to thrive (at least for a while) undér conditions which would

not be at all favorable to others. Some kinds of plants grow s
faster than others . though given the same conditions, Even ‘
samples of the same kinds of plants® vary considerably in

the way they grow. The children should especially note that

- ’ ) ~" 19 -
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the duration éince pl,antincj.(or since setting up an éx;?eri-—
ment) has a,relation fo-the changes in 7e’ plant. T

- ? / . )

NOTE: Plan on eonductmg Les son 3 next Monday. THis first
instruction. in observmg the -changes in the plants, and in
measuring .and recording measurements,, will probably take up
the entire MINNEMAST time forthat day. But, -after that, ar-
range for a:set time each day for observation and measurement.
This should not requjre more than a few minutes per day for
the next two weeks, or until such time as you decide to hold
a final dlscuss’on and dlscard the plants. -

o

Mature Bean Plants

33
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Lesson 3: MEASURING AND, RECORDING HEIGHT OF CORN SEEDLINGS

] " Begjn this lesson on Monday, provitling there is available
) for each child a corn plant at least a half-centimeter tall,
- - Méasurehiént should be made and recorded in two ways: . ’

’ (1) by cutting a paper 'strip _the height of the plant and '
mounting it oh Worksheet |, the record sheet; and.(2) by
s , measuring the héight in ¢entiméters with.z ruler and enter-
ing the medsurement on WorkShget 2, the récord table, ZThe T
children will probably need‘help with the.measuring and re-
cording for the firgt time or two, but later they should be-
able to do these things themselves. For consistent results,
>+ the plants should be measured at about the same time each - = _.

school day., , : R : '

»

Corn.Plants Growing in Sand . . re.

.2
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4]}

; I'e N
/ ) ) . ) : .

. /-
MATERIALS _
- | corn seedling in container for each child

~ K3

/ — Worksheets | 'and 2
! = roll of ticker tape

-

', — rulers Wwith ceritir_neter scale (at least one for each two:

S . children), : .
/" w i Y N .
- cellophane tape or paste , . ~© i <
. . . . > c
—~ scissors . s o

- small pie(ge/s-of yarn or string’

> .
- . o

PROCEDURE o B

>

Activity A ° \ .

. Distribute the plant containeys and have each child rémove

' the plastic wrap from the top, .Allow some time for the chil-
dren to_examine the plantg’, as they are usually quite excited
about the emeérgence of the.young seédlings. After that, ask
for suggestions about deteimining how tall each plant is,
which is the tallést, and so on:-. Visual comparison of the
plants, use of paper strips, and use of a ruler:are all likely
suggestions. . ,

P -

¥

4

If germination has been successful, each container vs}ill‘ .
haye two or three seédlings but provide some of your spares,
if. necessary,. Have éach child select his most vigorous

" plant to measure and indicate. which one it is by marking the
side of the cantainer nearest to it with a crayon or pencil, -
or by tying &’ piece of yarn or string loosely around the base

_of the plant, Save the other seedlings to use in case of
adcident apd also to deménstrate that, even in the same

.. pot, the plants will vary in size and growth rate,

Next ask for suggestions about.recording the height of the

selected plants, ‘so that the measurements will not have to

be remembered from day to day. Again there are several -

' .suggestions the children might make. But say that you have
decided they ‘should.record the measurements in these two -
ways: . '

+
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. Every day each child will cut off a paper str1p“to*match
the height of his plant that day.  He w1ll then paste,
these strips 1nfp'_ace on Worksheet I, the record sheet. “

2. Every day each child will measure his plant' § height to
- the nearest half-centimeter with his ruler. The plant's
height w1t1 be entered in'the table on Worksheet 2.
A‘ftex‘" the children have br1efly dlS’CUSSGd measurement and
comparison, show them how to measure with the paper strip.~
Wrth one hand, hold the strip vert1cally beside the plant .
"with one end: touchmg the sand,, Fingers of the other hand
can be.used'to mark off the place i
on the strip that the top of the - " RN
seedling reaches. Holding the ‘ ‘
fmgers pinched together to mark
this place on the strip;- move it )
away from the plant, and snip® -
the strip just below the fingers. '
Explain that.you have movéd thé -
str1p away from the plant before
using the scissors in' order to = -
avoid cutting the plant, (You
. may prefer to have the children
mark the strip Wwith a pencil, in-
steacK of with their fingers., Or
two chlldrep might need to work
together\—\-— one child holdlng the
strip and the other markmg it.) .
N , :
Now each.child should cut his own .
strip to the height of his plant.
Have the name of the day (or: the

have the ch1ldrerr mountthe strips on Worksheet l, but first
“ask, "Where should we paste them? How many daYS has” it
been since we planted the
on Thursday, Monday is the fqurth day. “Day 0" is. the day
of the planting. It is now,"Dag\4." The strip; the‘re,fore,
shows how tall the plants are on the fourth day afterthe chil-
dren planted the seeds.. t 'with the worksheet
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Next? show the children how to measuré the plants heights
with the centimeter ruler, The ruler is sety; zero end down,

on the sand beside the plant and a reading of. th,e height is ’
‘made, (If MINNBMAST ‘rulers are used, you. may ignore the
length below zéro ot have the ghildren very carefully push
this length into the sard.) If a plant's height cfalls between
two-numbers on the Tuler's scale, a child should record the
plant's height to the nearest half-centimeter (1% cm, etc, )
Each child's measurement of his seedling should now be re>
corded in the table of WorksHKeet 2, The row for days repre-
sents days after planting the seéds, The blank boxes are’'to
be filled'in.each day with numbers that represent the height
measurements. . ‘. . ~ .
EachgsUcceeding day, allow a few m}‘nutes for the measunng
and recording of the plant height, . ‘. ‘ T

-

<

4 -

» I, An optional pro;ect which y,ou ‘can do__iﬁ_xgu have a su1t-

*able camera -~ especially a Polaroxd camera -- is. to take a
picture of one (thé same) plant each day, ‘and make a dis~

' play of the photos, Put grid-paper behind the plant, Mark
~with chalk, the spot’ where the-camera and pot are placed.

B& sure to use the same plant and to také the picture at the .
same distance, angle,and time each day. o . RN

a -

- 2. As you can see, the records the children ill be keeping

are numerical tables and height graphs. Days$ are numeri- -

. cally recorded as "Day {," “Day 2," etc. - Yourrhight like to °

‘Thake.a large class dlSplaY bar graph which would record « ;
the day of the week below the day number, This could be a ‘

. bit fancief -- 'you might draw a picture of thé plant instead-

of recording its height by-length of a strip. Use a plart you

-

e Lt set aside to measure, or @ne of the children's, A

L . -

A

-
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__' i - 'Less(m.tl: PREPICTING GORN GROWTH
Conduct this lesson on Friday. The children should measure
K their corn plants and record the data, ]ust as they have been
. ' L . doing each day, but today they should do sdme predicting,.
‘. ) too. The coming of the week_end provides an excellent op-
portun1ty to introduce.the idea of trying to. predict what the
) heights of the plants might be on Saturday,. Sunday and Mort- -
Lo -day. (In Lesson 5.the children will see that Monday's pre-

/

d ) S diction c’au%'be chetked against-Monday's measurement, but

’ e that Saturddy's and Sunday's measurements can only be es-
a : ' t1mated fron¥ the graph.) - ‘

. MATERIALS \ O
L ” the same as for Lesson 3’ c )
‘ L /< ‘
. PRbGEDURE . ) T ' L
- . n‘ . . - . \ v -
. After the children have made their daily fheasurenient of the )
S plants, ask them to look at Worksheet | Wwhere they have ' '

recorded their measurements with paper strips. Ask them
‘what the plants will be doing on Saturday and Sunday when ,
X there 1s no, scthl The children probablyawill say that the
Lt plants ‘will be growmg. . . o , t
. [ - [4 4 - 4
. . Ask the ch11dren to look at their paper strips anq. see how .,
Y much the plants have grown so far, and how much taller they
v’ “think the plants will be on Saturday. There sHould be, some
' _ discussion at this point, since records of different plants:
“+  + will not be the same, but the children should see that most ¥
. ] ’ " . plants grew a little taller evelty da9 and .probably, will con- \? '
“ j' L T tinue to do’ so on Saturday Sunday and Monday. o ° a

o . Ask each chil to predict how tall e thinks his plant will be .

T . , on"Saturday by making a pencil mark on the worksheet wher- |
- «~  s3 ever he expects the top of’ the paper strip wNl be., This mark_ .o
., N N should be in the column™ ]ust to-the rfght of the Friday mea- S
' e surement H'aVce each.child sim1 La;ly indicate how tall he. ., =~
s T thinks his plant will be on Sunday-and' on Monday, (No o

- éntries of the pred1ctions should be made on Worksheet 2, ) -

~ . . x - - i

- —_—
N

KS . ; . e

. Make s_ure the plants h é been adequate_ly watered for the C
' . L ' - weekend, but do not wet he sand so much that water remai'ns
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I therouag a danger that {he plants mighst dry
out, xplace pldsac cove over thcm rather loosely, leaving a
little opemng for soman s i t;!utzon Remove the plants from

window szlls if there is a czhgmcé they will be too ¢old there.
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Lesson 5:° CHECKING THE PREDICTIONS

Conduct this lesson on Monday the eleventh day since the

* planting of the corn kernels Whenthe chllﬂren make their
regular daily measurement of the corn plants be sure they . -,
first"compare their new strips for Monday with their predic- ‘
tions for that day, and then paste them in the appropriate ’
column of Worksheet l 1eav1ng two blank columns for Sat-
urday and Sunday.’ .

- 'Activity C of this lesgon requires more' predicting by'the - .
children. It is hoped that they will come to realize that data L

AR from’ previous measurements dre‘useful in makzno the predic-
- L . ‘tmns about growth. - » ¢ -

A

Al
.

-~

~Activity D shows the children the advantage of the centi-

. ‘ “\ .. meter record for communicating the results of measuremerts. . -
cheT - This is Stage 3 in the devejopment of graphing (outhned on
o L pages 2 and 3 of the-introduction to the unit). ' -

MATERIALS = - ' | |
. A . *e
o - the same ds for, Lessons 3 and 4, plus: )

3

; '— Worksheet 3 (the same as Worksheet 1, But used here

- : for predicting only) - Cen / ) . _—
& . -
. - Worksheet 4 (a sheet of centimeter scdles to be cut into
' Lo tapes) e f. |
- PR ' _— Worksheet 5 (same as 'l and 3, but used for mount1ng v

centxmeter tapes) . -
. . L.y

PROCEDURE - S - o
< ActlvityA ' ¢ . o . 4

N : When the children make this Mon ay measurement they may )
. be astonrshed that tme p1ants ha je grown so much, Display- =
ing a graph, . ask:

Y RSN

ce HOW DOES IT HADPEN THA/'{THE MONDAY MEASUREMENT
' . 'IS SO MUCH IARGER THAN THE FRIDAY ONE? (it includes
Lo \ w tWO extra da¥s grawth =- Saturday's and Sunday's. )

!

u\ » . .~ . .‘
. LA

. . .

" . ® e /o -".
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Ao
-A.s a matter of general 1nterest conduct a survey about the ‘

-“accuracy of the predlﬁt\lons that the children made for Mon-
day. You will probably find. there was a great range

, HOW DID WE CHECK OUR PREDICTIONS FOR MONDAY" —
. (By ‘comparing the pred,tctions W1th the Monday measure- ~
ments, ) ‘ o o -

r

v LI 13
It is 1mportan} here that a d1st1nct10n be made between a
prediction that can be checked by( direct measurement (the
,Monday one) and those that ca nnot be thecked by d1rect -

‘ . measurement (the Saturday and Sunday ones). " In the next
K . / activity the children will see¢ that they can only €stimate
"~ from a graph what the Saturday and Sunday heights wére|, .
. . - ‘ . 3 Co. . N .
ACtIVIty B N ’ " r . ¢ . s . .

. The ch1ldren will see
. : the need here to !look .
.. back" to estimate the: . 1
growth on Saturday and
Sunday. Show them.
how to_dot a line (free= -
hand) connecting the
, tops of all the pasted
strips. This line will
] naturally bridge the ‘ | .-
. - Saturday and Sunday 1 A
gaps in the record, .i a}

Ask the children
whether they can tell
from their graphs how -
tall their plants were

. on Saturday. and on
Sunday. ~“They shouid~—~ T
suggest that the places

* on the dotted line that
‘are above the Saturday
and. Sunday columns, .
Days 9 and 10, ought
to show .these he1ghts

4 6 7
(M) (‘I‘) (W) (Th) ()’ (S) (Su) (M)

%,

8.9

10

N
I fN
.

(This is mterpolauon whereas their predlctmns were extra--
polation, but do ot use these words for the children.)

42
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Activity C . o -

.

~ Here the chlldren have another opportunity to predlct growth

o

Ask ‘<.

. WHAT WILL THE CORN PLANTS BE DOING BETWEEN NOW
* AND TOMORROW? (They will be growing, getting larger
‘.and taller.) : ' .

p— t 2

HOW TALL DOES EACH OF YOU THINK HIS PIANT WILL
BE BY TOMORROW? BY THE DAY AFTER THAT? BY NEXT
WEEK? - . ‘ . ‘
. : - o’ “

HOW COULD WE KEEP A RECORD OF ALL OUR PREDIC-

TIONS° ’
Léad the discussion to the idea that each child ¢ould mark
his® predictions* on a worksheet by putting a mark where he _,
thinks the top of h1s plant- (the top- of his tape) will be on
that day. Suggest, thet such predictions cqgld be made for’
each day. - . ‘ « 7

N

Have the children use Worksheet 3 for the1r predlctions
Tell them to make crayon marks for each of the next seven

" days, prédicting how tall they think their plants will be.

The crayon mark for éach day should be made where each
child thinks the top of his measuring tape will be on that
day. .The children may find it helpful to their predictions to

- pencil in marks showing where the tops of the -tapes vbere on -

<

" previotis days; but let them know that they will have ar}\op-

portumty each day to change the remaining preatc'tions ifh
they think they can improve them, They can maka each new
set of predict1ons with a dif;erent color of crayon ‘o differ-
entiate between them, . :

. - ..
After a few days, the children should realize that their more
complete actual rer*ords are helpful in makmg better predic- .

‘tions.,s However, toward the end, ‘the growth of the corn

seedlings may slow down, and the children may discover
that théir predictions are becoming less reliable, If this
happens, they will have made an important discovery -- that
predicting beyond the range of the data \extrapolation) may -
be unrehable. : . N
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~\ct1v1ty D

-

“In éu discussions of the records of the changes in the height
of.the plants, emphas12e that there is a relation between. the

. number of days since plant1ng and the helght of the plant,-
This relation permits us to (1) make estimations of what the
height of the plant may have been between measurements that
have already been made, and (2) make estimations of what the
'he.lght of the plant is likely to be in the future when measure-
ments have not yet been made. Such considerations. introduce
the idea of a functional relation between two changing quanti-
ties. But at this time it is more important for the childrén to
see that there is a relation and to appreciate its usefulness
rather than for them to be able to def1ne the .concept.

PP

This activity shows the chlldren how the use of a standard
unit of measurement helps in commumcanng measurement
results. Eagh child learns this by constructing, from his
neighbor's data on Worksheet 2, a new graph with strips of
: paper scaled 1n\cent1meters. C R Y
5\ v

Nss1gn partners and ask them to exchange’ their cop1es of
Worksheet 2, Say that' each ch1ld will now use his partner s
measurements to make a new graph of the -data .giveén him on
Worksheet 2, He will do this by lo ing at each day's mea-
surement, then cutting a strip of that length from Worksheet 4

‘and pasting it in the, correct column of Worksheet 5. Point ‘\\

out that Worksheet’ 5 is labeled in exactly the same way as
Worksheets | and 3, so there should be no d1ff1culty in
finding the appropriate column for each strip. Rémind the

»  children to leave two- blanks for the missing measurements
-- the Saturday and Sunday data, '

When the new graphs are completed ask the children to
connect the tops of the cent1meter-sca1ed _strips with ‘a free-~
hand line., Needless fo say, these lines will not be too
accurate, but they are preferable to 11nes drawn by a ruler
because: (1) graphs of growth can never be exact, as many
of the intervening points are unknown, and (2) mechamcally,
fulers would be difficult and frustrating to use here,

]
‘\Iov‘v have the partners compare the new graphs wrth the
original strip graphs (Worksheet l) Hopefully ,-they will

W

v

/
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have approximately the same shapes "Wh11e there will be .
some variations because of m1stakes in measuring, plotting,
pasting, "etc, , the children should see'that the numbers, per-
mit them to exchange informatlon eas11y.

" Ask:

< -
4 -

HOW COULD YOU GIVE YOUR PARTNER THE INFORMA -
TION ON WORKSHEET | IN A LETTER? (By sending pic-
.tures of the plant, stfips of tape, graphs ‘mea surements, )

HOW QOULD YOU GIVE THE INFORMATION ‘BY TELE-
PHONE" (Only by g1v1ng the measurements O

WHY DO THE GRAPHS ON WORKSHEET | AND ON'WORY= °
SHEET 5 LOOK ALIKE? (They are béth records of the
same plant,) ' RS '

Encourage the children to estimate points in between.the

data points, such as height at midnight of a certain day, etc.

Dur1ng the rest of ‘the week the children will continue the1r
daily measurement, extend their graphs, ‘and make predic-

tions, On Friday they ml make predictlo{qs .agdin and pre-
pare the plants for the ekend as in Lesson 4,

-




‘Lesson 6: PREDICTING WITH 2iORE INFORMATION

This lesson is essentially a repetition of Lesson 4, and
should be conducted on Friday, the fifteenth aay s.nce the
planting of the corn. - The children may be more accurate m
their predictions for this weekend ‘vecausc of their © \perla -
ence. However, the height increase by Monday may not '?e
~as dramatic this time. The rate of growth depends greatly

on the temperature of the room, the weather outside, the
nutrients in the sand or so1l, and the age »~f the plant.

MATERIALS ’

— corn plants ’ . ; K

- Worksheets 1 and 2

- cplored pe?xcxls or crayons

" . PROCEDURE

Act1v1ty A . ' - -

When the chlldren have made their daily plant measurements,
ask them to look at the records for the previous weekend to
see how accurate their predictions were, Tell them to esti-
mate how tall their plants will be on the coming Saturday,™

Sunday, and Monday. Have them do this by again making & '

pencil mark on the paper where they think the top of the

paper str1p vnll be for each day. . '
>

Act1v1ty B

-

Ask the children to predict in centimeters how tall th%y think

the plants will be. Have them epter these predicted mea-
sutements in their record table (Worksheet 2) in some spe01al
way -- perhaps by writing the number of centimeters with a
colored pencil in the prediction boxes -~ so that they will
know these are predicted, rather than actual, measurements,

Take the Usual precautions in\preéarir‘lg the plant§ for the
weekend, with extra water, and shelter from the cold, i@
necessary. Remember that too much water may harm the
plants. ‘

st

A




Lesson 7: CHECKING THE IAST PREDICTIONS

This lesson is like Lesson 5. It should be conducted on the
last day that the corn plants are observed and measured,
This. should be Monday, the erghteenth day since the com
kernels were planted e

After this lesson the r\lants areudrscarded or sent home with
the ch11dren, and you need no longer schedule lessons from
other sectrons to f1t 1n with the plant lessons

Byt

MATERIALS

N .= corn plants.

~_ Worksheets 1.-5
>

' — _centimeter rulers : .
PROGEDURE

Activity A . : - _ .
Wheh, the children make their Monday measurements, be sure
the paper strips are mounted’ in the correct columns, leaving
two blank columns between the Friday and the Monday mea-
surements. Because the children, have done the procedure s
. before, they will know that they can cReck their Monday )
predictions by measurement 'and that by "leoking back" and : -
dotting in connecting lines they can estimate whatithe mea-
«  surements’ were on Saturday and Sunday. ’

¥
-

Start a discussion of how the growth of the piants over the N A
two weekends compare., -Guide the talk so that you can find ey
out how well the cthildren understand the use of the strip
records and the connectrng lines as @ means of predicting

" and checking predictions. The children should also under-
stand clearly, by now, that the strips and the records in

o ‘the1r data tables are ways of recording thé past growth of

. ” their plants o ' 4 P

vt

")

v 3

It is important to repeat the distinctions between predictions .
which can be checked by direct measurement and the predic-

tions which can only be checked by estimated measurements
N R 'derived from the graph -- the Sa\turday and Suriday ones.

{

>
f .
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Activity B. . ; o
Repeat Activity D of Lesson 5, where the children exchanged
their copies of Worksheéet 2, Have them continue filling in
the columns of Worksheet 5 with centimeter strips for the

. lengths their partners have fllled in on Worksheet 2 dunng .
" -the past week. l

o

Acttv1 ty C .

“ Uproot some of the extra plants so'that the children can see -
root systems and have them discuss the fact that some parts
of the plants were growing unseen whlle the visible parts
.were being measured, S 8 o !

'~ Now make some final dlSpOSltlon of the plants. Probably
‘ most children will want to, take their plants and records’

“home,

If it is mildly* cold cover the plants with plastlc'

wrap for the trip ‘hor ¢; if'itis very cold use\jeveral layers

of newspaper to protect them,

(You may wish™o kéep a few:

corn plants.in the ciassroom so that the’ children can con-

-

_tinue to.enjoy them,

You may also wish to use some of the

materials on hand to plant flowor seeds,

Scarlet runners

are highly recommeénded becausé they grow very fast and

will usually bloom well in the cla ssfoom,

‘Plant ohly one -

runher seed in each small pot and transplant to a largeér pot

later, if necessary. DTSN , »

NOTE: Contintie sequentially through the unit from whatever

lesson and section you'have reached concurrent W1th the com-~
A pletion of work thh the plants

N

-3»*




L

. b ( & . - . : \’
IEESEERN 7= —~ Durition AND GLOGK RESDIG. A

PURPOSE

-~
AL

———e e e o= To provide background for those relations in this unit that
: are aséociated with time,
R . - .o ) L. ~ 5

-~ To extend work' with measurement of durations.

) o — To reView and’ extend knowledge of@clock reading. .
“ bl

COMMENTARY o L

.

. . , .. ' ’ - 1
Thé lessons.in this section continue the association of clock.
reading with durations from noon (or midnight) that were i
started in earlier units,” particularly Unit 12 Measurement :

. with-Reference Units. You can carry this. work .on through
the rest ‘of.the year, progressing at any rate and at-any level
you think appropriate for your class, We indicate that the i
time-line can be .extended to include weeks, months and S
years, but we do-not specifically develop this, However,
the last worksheets of this section- ¢an be: adapted for this

. ‘purpose and you should feel free to change them to suit the

' - . needs of .your group. . .

This section begins with an experiment in which the children

work with a crude water clock. ‘The clock consists of a .
.paper cup with a small.hole in the bottom through which N
water drips: into another container beneath it. The «children C
calibrate this clock -- that is, they establish a numeral

'scale which- shows the water level in the lower container at - - ) '
measured intervals, The duration of the-intervals is deter-

mméd by counting the- swings of a pendulum. This experi-

A ment implicitly introduces the idea of the functional relation
. : _between the depth of the water and the duratién of its accu-

Tt ) ,mulatlon.
- ‘ In Lesson 8 the child should see that the accumulation fea-

ture of the water clock has a great advantage over countmg. o

This feature of the water clock is used in Lesson 9 when the . )
N children measure durations in establishing another, functional

relation —- that between the he1ght at which a bubbling dye

solution marks a blotter and the duration of the bubbling,

56 . ' " l ¢ 37
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A historical study of clocks is not intended, but discussion

of the ancient clocks motivates the study of the familiar
twelve-= hour clock as a more eff101ent device for measuring
durations and ~- when the durations start at twelve -- for. )
indicating the time. - If your class is already familiar with
-some aspects of clock reading, you may wish to modify the
pre'sentafion " Your mddifications, howéver, should retain-

our use of the time iine and out emphasis on associating the
clock readmg with the duration of the time interval between °
twelve o'clock and the moment of reading. Thus, “"three .
o'clock" implies the durauon of a three- hour-period, the mea-
surement of which began at twelve. Once the idea of telling )

ou can give the children pienty of practice throughout the.

ﬁxme in terms Qf duration since twelve has been deVeloped

a

N

ear by frequently asking what time it is, what the clock
"hands show, what the duration has been since noon or since
mldnlght and soon, -

., NOTE: If you started the unit with le'ssons fro'm this section,

remember to put’eorn kernels to soak overnight on the first
Wedngsday, so that you can conduct Lesson I on Thursday.
»Similarly, soak wax beans overnight Thursday ‘to. be ready for
Lesson 2 on Friday. Reserve the next Monday for 1 esson 3,
which will take, most of the two MINNEMAST periods for that
day because the children will measure and record the heights

" of their plants for the first time. After that, set aside a regu-

lar time (a few minutes cach day) for the children to ,observe

. changés in all the plants, and to ?1easu1je and record the |

height of the corn plants. Wher/ou are ready to discard the
corn plants, reserve a class period or two for a fingl discus-
sion. OtHerwise, use all remaining t1me to proceed through

. this and subsequent sect1ons

-,

e
Rl . e

-
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.Lesson 8; A SIMPLE WATER CLG}CK “ . e —

in earlier units. The idea of duratickis needed for the _ .
- study of many.of the changes the children will observe that

are associated with time. ‘

This lesson l‘evlews the concept of clocks that was stari:ed

First let the children experiment with the equipment in order

to become familiar with it and to make their own free obsers

_ vations, Then guide them to calikrate the water clock in

, terms of the swings'of a pendulum A discussion of water
clocks and similar devices will- lay a background for work

with the familiar twelve-hour clock in later lessons,

-MATERIALS N
‘ _=- for each ,ordup of ‘three ~- .. ' ," A
. _s,mall.‘tray for .tlie equipment P
. = label for tray < ) -
| N

¢

d

Y "“ . ’ f
¥

f

-, tap.ered paper cup
- -4 straight pins ' ‘
: |2-ounce tall containérwith 3 inches of tape on side- _

‘ i 2- -ounce. short container half full of water ) .
O - sheets of newsprint to protect des-l\s f ’
- for each- group, or for the class -- ’ SR

TR pendulum, 'kz inches long




- PREPARATION

»

.

3

* Before the lesson, .prepare a watet cloc}' for each group of
r*hlldren. Place four straight pins through 'thc side of the
taperegi white cup to serve-'as supports, These pins should
be placed droung the cup’ about halfway up the side, and
should project far enough-to rest on the rim of fhe tall’

I 2-ounce container’, Use a pin to make a hole in the center
of the bottom of the white cup. -This holc should be large

" enough to let the water rur Chrough 4 m»'.,trearn rather

than m-drops Eniarge 1f cautlously with a sharp penci
point, testing with Jvater frequently to find the right size.
(After the first txme you should C;et it rlght very quickly.)

R . K e

Finally, paste a S-inch length of masking’tape down the
lower part. oflthe tall 12-ounge, ‘container, The tape should
- touch the bottom.

" fIn addxtxon to this assembly, each group will need anothcr .

container from Which to pour watcr. This is specmed in the
aterxals as the short I2-ounce contamer h3

-
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AGtivity A

\ .

. *

Igistribute the equipment to the groups of c;hildr'eh, and“sug'ﬁw_ .
' gest that the paper cup, the transparent container and the ‘
water could be part§ of a’system that fiight serve as a ¢lock.

Let the groups experiment with the materials, then ask:-
WHAT. DO-YOU NOTICE ABOUT THIS SYSTEM? (Water® *
runis from-the cup t the confainer.) R

*

Watch for the diséovery\that the arhount of w_ate} i the.
lower container increases steadily. Then ask whether any-"
one can think of a-way that the water sys em couid be used.,
for- comparing the duration of two activitigs, such as print=
ing the day of the weelé?i(Wedri'qs'da"y) and jprinting the calef=.
dar date (March-12, 969). B A
a

* ’..-.;)4* * )
Guide the children to sdgges\t.‘:tha‘t at the/word "staft" for

each activity they could. pour, watef into’the cup and then, .
when the activity is c'c}mpleféﬂd; record thie amo%t. of water '
that has run into the containet by marking the tape.” For 2 -
these activities the lower container should be empty at .
“start, " “Remind the children that the containers_are easily’ _
. tipped over, and ‘each child doing the marking should use
one hand to hold the container ﬁrmly in place while marking -

- it with crayon, a very soft pencil ; or a marking.pen. Two -°
children in each group should attend to-the watér apparatus .

- while the third'writes. =~ N T

Child | says "Start" as he pours waterinto the top 4f the
water GloCK. Child 2 immediately begins to write "Wednes*
day. 'f jChild 3 is ready tp mark the water level on the tape
when Child 2 says he has finished writing. Then both sec- |
tions of the clock are emptied into the ‘short-containér, and
the’/procedure is repeated while ‘Child 2 writes “March 12,
1969." The two marks on the tape show how much longer it
- took to write the date than the day, or vice versa.

Activity B~ )
In this activity each group of children will calib'raf.e-ia water .
clock by making marks on the lower container according to
the number of swings of a pendulum == one mark for each ten-
swings, While it is desirablé that as many children as pos—
sible have experience with the pendulum, use your own -
- ’ . .\::‘ v N . - A . .
: Q. . ~
\ N,
»h ‘%54 L.
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“ _clock more useful for measuring durations. - After discussion, .

~ the- d1fferent clocks and becalse f ‘human factors.

+ could" be done to the

_ each.group) counts the swings Bt a twelve—mch pendulum,

. . 3

judgment abgut whéther to prouide one for each group, or
for two groups, or for the'entjre élass., Even if only one
‘pendulum’ is used for all, calibrationg will vary,.from group
“to group- because water will run through at different rates 1n

D'istribute the equipment. Th .tap.e”"usec_i in Activity A should-
be replaced. Ask the children what might make the water .

"if no bne has mentioned it, ca 1 attent1 n to a pendulum.

.
» w

WEHAT COULD WE DO TO THE WATER 3LOCK SO THAT I'I‘d\\
WOULD SHOW THE DURATI(DN OF TEN, TWENTY OR
THIR'I'Y SWINGS OF THE—BBNDUL%TM?

If they do not think of. cahbratmg the water 'clock, remin
_them of how they calibrated. a sprmg scale in Unit 16, using -
paper cups as weight units. Ask whether somethmg similar

ater clock

. I

To calibrate the water clock, have each group of ch1ldren .‘ﬁ:\
mark the water levels, while ong child (for the class or for™

——ce
‘ -

&

The counter will hold the pendulum bob about six inches

from rest position and say, "Ready, Set, Go." He willre- *
lease the bob, at the word "Go." He will-say "One" the .
f1rst tiine the bob returns to the startmg point, "Two" the
second time, and so on. Have the entire class_ practice

coﬁntmg the pendulum together\ before ‘beginning to\c?ahbr te _
‘the water clock. ‘ \

b7

. N | \.\ N ' .
L e . Start &g ro) - s
[ N N - . A\>\— -‘:\{[/B " -
. . J . o
L . ',/ * ' oo s

One full swing of the pen {ilum mearis that the,
bob goes from A to B and back again to A.
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. whatever they consider appro=
‘priate, *Tlet them use their

.l ..__They mgdy wishto compare the

* or they/ may wish to compare

© can;

Acti‘vxty C

After this practice, have the counter. for each -group start his
count, At "Go" one of the group pours the water into the-
upper cup. At coj fits 10, 20, 30, etc., another member of
the group puts mark on rhe contamer to show the level of °
‘the water. ' i -

The children s-hpulé decide..
what to call each unit of water
- "one dyip, " “one .mark," or -

water clgcks to measire the
durations of various activities
that eagh group chooses,

duration of different activities

durations of the same activity
done by different children.
R v

Have/the children in each group

leave the marks on theé clocks

and/’label thé trays so that they
use the same équipment in

Les’son 9.

2 “drips" ~
.l "dfip"

k-3

WHY DO WE CALL THIS SYSTEM A WATER CLOCK?
(Recduse we can use it to measure the duratlon of
activities.) |
| . f
‘ wr»m'r ARE SOME OTHEER THINGS THAT ACT AS "CLOCKS? " e
(The pendulum, the wall clock, watches, €gg timer with o
sand.) : o : '

. \ ‘

MANY, THINGS CAN BE USED AS CLOCKS.. HAS ANYQNE

EVER SEEMSPECIAL CLOCK THAT WORKS ONLY IN S{

S IINE" {a sundlal ) TELL US ABOUT'IT. .
. ’ \

i
1

the cAhi;ldren that long\ ago, before there were watches
vall clocks that could be wound up or run by\electricity,
oo B - ‘ 4

\
1

cn
<o
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people Fad water .clocks and used them to tell the time of
day. 1If children-had to measure their activities by a water
clock today, they would have to start to school, go home
to lunch, etc. , wWhen the water im the clock was at certain
marks \ .

If you wish, show the children the pictures of the clocks on
the opposite page and discuss with them some of these his-
torical ways of measuring duration.

Clocks:

"I. Egyptian Clepsydra
" (Water Clock)

| 2,’ Cuckoo Clock

3. Hour Glass

N\
- 4. Sundial
i

| '5. -€andle Clock
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Lesson 9: DURATION AND HEIGHT IN A COLOR EXPERIMENT

7.

In this lesson the childfen use the calibrated water ¢locks to
time an‘experiment in which three strips of blotting paper are.
susgended over a /u'{bwing colored solution. The children
se€ a correspondehce between the height to which the bubble
solution has fisén and the length of time-the blotfer was ex-
posed to it, By arranging the saturated hlotter strips in order|
according to the height ofothe colored mark on’'each strip, the
children are led tQ_a' very elementary plotting of the relation.

MATERIALS . . ‘ '
~ one-half cup water
- — | tablespoon food coloring

— Soap Bubbles or other commercial liquid for blowingf
" bubbles -- enough to reach the I-cm.mark in scaled
cylinder ~—~
medicine ‘dropper - Lo
. == for ‘each group of three ~-

—_ iray

— ‘water clock gft/separa te container with three-fourths
Z

cup of clear r

3 strips of blotting paper (1 cm xfIO cm)

3 jumbo (2") f;aper clips - . / ‘
one-half tablet of:‘AIka—SeIter of tlf_t}vé/sold» in
aluminum foil packet, soufflé cup — .

éhee:t of paper,’ ﬁencil, guler

cylinder with c‘entimete,r’ tag\e attached

/

pa‘pe-r towel
PREPARATION

" Mix the fo\'\od coloring and Sbap Bubkle liquid with one-half cup
of water, and set this solut'ion\aside' for ‘later distribution. Cut
strips of blotting paper. Place each half-tablet_: of Alka-Seltzer
in a soufflé cup. On the water clock trays from the. previous
lesson assemble all the items specified above for each group,

0
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PROCEDURE . : : -
Have the children in each group of three take the same tray
they used in Lesson 8. Explain that the water clocks are
going to be used to time an experiment where strips of blot-

ting paper are suspended over a ‘bubbling solution for differ-—
ent durations, but that first you want them to .practice the
procedure without the solution. Then ask one member of
each group to draw a straight line across, and near the bot-.
tom of, the plain piece of paper you have provided. Tell the

- children that in the real run each blotter will be placed with
the wet end on this line for comparison.

-

R

L

o Before starting the trial run, lét the children speculate a,
Y : . little about what they think will happen to the blotters \f'f
each remains suspended for a different duration.

"Give instructigns for the trig.!,—run, as follows:

Child | .

| ﬁ—C'hild | of each cjrofxp runs the water clock. He séys "Go v

when he starts pouring the water into the empty water ¢clock,
He says "New" each time the water reaches.a drip mark.

- 60

47
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Child 2
. Child 2 prepares blotting strips F I
by puttirg a jumbo clip on each |- 4 K K
strip (see diagram), He mea- N d
sures to see that all the clips . CZID A !
are placed uniformly, one half- - ' 41
: , ‘ inch from the end of ‘the strip: S ',,-?
N I ,He places the three strips in <
v ' ‘the cylinder in such a way that P
‘the clips rest on the rim, (Ex= ) L
plain that in the real run the o —J /
f ~ bottoms of the strips should ' ”
not touch the colored water , ' ==Ll
, " that will fill the cylinder to . ' S A
s thel-emmark, - . " o >’\’~;___:J//f '
Child 3
Child 3 prepares the half-tablet , Ghild 2
of Alka-Seltzer'by bréaking it: - . . )
into. small bits in the souffle P — /.

cup. He may have to use the ~
flat end of a ball point péen or
unsharpened pencil to do this.
- He must be sure to keep the » ° , : .
substance dry until it is used, _
When Ckhild | says "Go, " e ' ) :
Child 3 pretends to empty the o
bits from the soufflé cup into ,
the cylmder. Warn-him not .to : :
do so until the real run. (If a . —
Child 3 actually empties the-.
bits into the cylinder, be sure
all of it is returned to the soufflé cup and the cylmder is
wiped clean, so that the reaction will not begin when the
liquid is added.) At each "Now" he removes one of the
* strips of blotting paper and hands it to Chlld 2,-who places
‘it on the sheet of paper with one end on the. lme. Child
2 puts the first strip at the left, the second to the right of
the first, and the third to the right of the second.. Explain -
that in the real run, each strip will be partly wet and'that
it is the wet end which will be ‘placed on the line. ; :
. ‘ . *

-_—

. 3‘

Child 3




When the technique is familiar, put ehough of the dye solu-
tion into each group's cylinder to comeé up to about the l-cm
.mark, and have the groups each make a real run., The.proce~
dure.is exactly the sanie as for the trial run, except that '
now there will be dye and Alka-Seltzer Used, -and.Child 2

‘f\\‘\\\x T LT L Oy LU
. I

-

Rea_l:‘Run‘_' )

mLfs‘t remember to put the-wet end of each stri‘p‘at\ the line
on the sheet of paper, _— \
Let the children discuss anything they observe, but if any
notice that there is a relation between the numberlof "drips"
of the water clock and the height of the color on the strips,
. have them-tell the class about it. If necessary, call atten-
tion to the relation with a question: /o : '
WHY WAS THE COLOR ON SOME STRIPS HIGHER THAN
ON OTHER STRIPS? (The longer the strip was in the
cylinder, the higher the bubbles rose.)




g ) " Activity E

Hold a discussion about the water clacks:

W-HY DOESN'T EVERYONE USE WATER CLOCKS? (They have

] to be refilled regularly; they are messy; they don t tell time T

. " very accurately ) _ . '

’ . o

R . couLpi CARRY.A WATER CLOCK ON MY WRIST?

; - COULD WE EASILY MEASURE THE LENGTH OF A SCHOOL
. "DAY WITH A WATER CLOCK?

'IF YOU TOLD YOUR MOTHER THAT WE STARTED OUR arT S
WORK AT THIRTY=FIVE "DRIPS" TODAY, WOULD SHE KNOW .
WHAT YOU MEANT? \
IF, YOU" SAID THAT IT STARTED AT TEN 0'CLOCK WOULD -
SHE UNDERSTAND? B ‘

Is7 o OV (
» \f&

’:‘/ ,

. \ .‘3 ;. N\ \ ;,,5.»“(5 (t&\ N
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Lesson I0 TWELVE—HOUR CLOCKS -- SECONDS MINUTES

This lesson and Lesson -l 1 review and extend earlier work’
W1tl'\0the familiar twelve-hour clock. The treatment is simi-
lar to that begun in Lessons 29, 50, and 3l of Unit 12,
Measurement~W1th-Reference_llmts . Many of your students:
may be dble to tell time, and the rest should beg1nTo develop
this sklll We also want the children to develop an under-. °
standmg that each clock reading indicatés a duration since
- twelve! (noon-or- midnight) .~ The ch11dren will be given prac- ’
tice in measurmg and recording these durations., '

~

.

MAT ERIALS

»

— Wall or kitchen glock with second hand V .

— demonstrat1on clock face (to be borrowed from first grade
kit) '

- tape ot
—" white tagboard clock faces prowded with the printed -
_~ materials for this un1t | per child

- *

- smssors N

— | brass fastener per child,
- paper cl1ps~ . ‘

—_ t1me hnes prov1ded with pr1nted mater1als .

— newsprmt

-

PR E_PARAT ION |

—

Before you teach this lesson,
tape your demonstration clock
face to the chalkboard iwhere
all the children can se€ it, and
tape the hands together. "Put
.numerals around it showing

" seconds ard minutés, as in
this diagram.

b3




also.

i

PROCEDURE

Activity A

Give the children eacha tagboard clock face to cuf out and s
assemble. Show them ‘how to put the brass fastener through
. the dot at the ‘end of the long hand, then through-the\dot on

the short hand, and finally through the dot at the center of

the clock face. Check to see that the children spread ‘the

the long hand and fasten the two together with a pape'rhcli .
- Explain that you want this done so that the children can
study one hahd of the clock at a time,

) Now call attention to- the waIl clock, and ask the'chlldren to
watch the movement of the hand that is traveling around the
clock most rapidly. .

DOES THE HAND THAT MOVES MOST QUICKLY TRAVEL
CONTINUOUSLY OR IN IERKS" (It moves continuously. )'

DOES ANYONE KNOW THE NAME OF THIS EAST MOVING
HAND? (It is called the second hand.) WHY IS IT N
CALLED THAT? (Because it measures the number-of
'seconds ) : . R

- WHAT DOES THE POSITION OF THE SECOND HAND TELL
US? (It tells us the duration in seconds smce it pointed
straight up to twelve )

THE HAND POINTS TO TWELVE, BUT WE ALWAYS START ~
COUNTING AT ZERO. THAT IS WHY I HAVE PUT'A ZERO .
ABOVE THE TWELVE OF THE DEMONSTRATION CLOCK
AND OF THE WALL CLOCK. LET US AGREE TO.TALK
ABOUT-ALL DURATIONS EXTENDING FROM ZERO, ~

.rIv

1

- ‘ Tell the c:_hildren to-consider thé .clipp_e‘d-togethér hands on .
s their clock faces as one hand, the second hand. Have them
takée turns setting the hand on the demonstration clock face

kI ror



Activity B
Y Direct thelchildren's attention to the minute hand of the: -

~

at different positioné , while the rest of t‘:h'e childrery each

set the hands of their small clock faces inthe appropriate’

. positionstand tell how many seconds "pas sed sincga.‘the hand
p;ointed'to Zero. o | AR

The-children will need considerable practice with the demo'n-‘

. stration clotk, on which you have marked the numerals 0-560

to show sedonds, bef/ore they are able to mg’ke second hand °
readings on their ovg;'l clock faces, which show only the -

hours. |

‘

Help the children see€ that the marks on_their $mall clock
faces show|the geeonds in fives. Remind them to.check
with the nimerals (5. 10...60) you have drawn around the
demonstration clock for each 7 ting of their clock faces.

Working. in pairs,.have oné ¢ i1d. set hig clock to indicate
certain durgtions since zero, and the other tell the dyration-
{25 seconds, etc.), then éhange about. 0 o

L4

rReturn to, this \acti_vi;y‘o’,ccasi_onally as seéms advisaple"to.
you. - . v , o

PR e

Pt
- - .

'wall clockl, - .

o !

~ WHAT DO THE POSITIONS OF THE BIG HAND TELL US?
(They t§11 us the duration in rr}inutes D) .

- “ ‘ ‘ N e i g » . ‘
WHEN "I‘HE SECOND HAND GOES AROUND ONCE, HOW
MUCH IDOES THE, MINUTE. FAND MOVE?A LET'S WATGCH |

. 1T: (it]moves ‘6hfe'~spac;:e--;—.—_?g)ne«_mix)uj:e AN R

_ HOW FAR DOES THE SECOND HAND MOVE 1

. " UTE? ;(Itlmoves all the way around -- 60-sec nds.)
Lk ; S

Have a volunteer set th& hand of the demonsf;ratioh‘clock to

show the same minutes as the,wall clock while the rest of

the class 'does the same with the hands of the small clock
faces.. | : o ‘

WHAT l;-xAs THE D;URATION IN MINUTES BEEN SINCE THE

~ MINUTE HAND WS AT ZERQ?  (Thirty-five minutes , €t¢ )
. { ) . ol ‘“\ VL

N

6"" h f e .
| A v . I ) !

3
i
1
i

i




ERIC-

Aruitoxt provided by Eic

Have the children set the clock face to other durations since .
zero. ‘Compare these with thé setting of the demonstration) '

clock face.
. that you cdn check them quickly. Qccasicnally, from day* - L

Have the

children hold up their clock faces so

to day, ask the class-to tell you the duration-since twelve *
in minutes =- the time in minutes.

Actxvxty C

3

*

“»

oo
)

2

..

Time Lings. -

Have the chlldren carefully cut put
- wath t‘he umt. - . :

'S

@,

-
v

~

I

-

he txme hnes provided
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. Have each child ke a loop of oner
- time line with the ﬂumbers on the in-
* side, by brmgmg ‘the nght ex’?‘d just

a paper clip. Have €ach chzld set
the loop on h1s small clock face and
arrange it so ‘that the. twelve-mark is
above that liné on the clock face.
Call the children's attention to the
other numém’rs.» Ask the children
what tfiey notice about the numerals and 11nee. They should
see that the heavy marks and numerals pn the clock face are
just below ‘the same markmgs on the t1me line.

Now ask each child to unfasten his

time lme and clip the' zero endto .

.. the left szde ofia sheet of newsprint,

Set the demonstratxon clock (single

hand) ‘to fifteen minutes since zero. «

Ask the children to set their clock '

faces to the same posmon e

W-HAT, DURATI@N/D(JES THIS
CLOCK SHQOW SINCE ZERO * .
MINUTBS -~ SINCE TWELVE? |
-'fFlfteen mmutes ) ) )
- HOW CAN WE SH W THE DURATION OF FIFTEF,IN MINUTES
‘. OﬁTHE NEW%PRI T ABOVE-THE TIME LINE?
Have the childrén putia mark at zero and at fifteen on 'ne .
: ncwsprmt above the txme hne. Then ask them to draw an .
arrow, from zero to fifteen. . “

‘_,

./‘\,. N
TR TR T i ] 35 '/.ﬂn ¥ é0
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PAruitext provided oy enic [N

“~

*
<

: : ‘ .
Continue this exercise by having the children transfer various,
readings, in minutes, from the wall clock to the time l{nes
:Nith arrows ., - :

Save the timé lires for Activity' B of the next lesson in which -
the children will clip them to fresh sheets of newsprint.
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nil: ~TWELVE HOUR CLOCK - MINUTES HOURS

. with its indicati on 6f the hours,

“d

I
This lessomexténds the association of time dqfatio since -
twelve (noon o mldmght) to telling time in hours
utes _As seems approprlate to you later m the year, you can

Call the ch1ldre 's attention to the short hand of the wall
clock. Trobably many in the class will already be fam1liar

WHAT DOES HE POSITION OF THE SH@RT HAND ON'THE
WALL CLOCK TELL US? (The duration im hours since
twelve -~ sinde noon or midnight, ) \

H OW FAR DOES \:I‘HE ‘HOUR HAND MOVE WQILE THE
‘ fNUTE HAND YFOES AROUND ONCE? (One large"
7 space--- from oLAi to two, etc.) o

HQ’W FAR DOES THE MINUTE HAND MOVE IN ONE HOUR?
(1t m}oves all the wiy ‘around =~ gixty-minutes,)

1 i . X
evelop the use of th%nme line and clock faces for repre-
senting durations in holrs since twelve (noon or midnight)——_

4s you did for minutes ih Lesson 10, but now have the hour

{

uration line drawn below the tim hnes. Point out that a

—
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duration of four hours sin¢e noon mearis 4 o'clock (4:00) in
the afternoon; ten hours since midnight is 10 o'clock (10:00)
.in the morning. -
. AN N, R . T |
N, . A S N ’ - . : z .
SR Morning. hours aré A.M. (ante meridiem -- before nPOn) o o
© o e . : ’ "
. ) : ) Afternodn hours are P.M. (post meridiem -~ after noon) %
N . N ) . !
Worksheets 6 through 9 are appropriate here. ‘
. T }
“Worksheet 6 - ‘ - . Worksheet 7
tnit 19 Name. .- = Unit 19 © Name
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Worksheet 8 PN . Worksheet 9 '
Unit 19 Name. - - - Unit 19 Name. '
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Activity B -
. ~"

For this activity see that each child
has a student clock face and a time
line chpped on a new sheet of news-
print. “sk the children to show each
duration, as you give it, on the
clock faces and then on the time
lines. The durations you name
_ should include both_hoursﬂand
minutes. For example:

\_

SET YOUR ‘CLOCK FACES AT

\ 25" min. >

3:25, NOW', WITH AN ARROW

BELOW THE TIME LINE, SHOW
THE DURATION IN HOURS

o 1S zo I3 30 35 10'45 §0 5 60

6 7.3 97101 12
i L I NS T I |

5

SINCE TWELVE, NEXT, WITH
AN ARROW ABOVE THE TIME
" LINE SHOW: THE DURATION IN

!
o~\
“’t:i\f.i‘n

3 hrs and 25 min
3:25 o'clock

@

=T

MINUTES,

ol -
Y




Haveﬁ the children hald up the olock faces a’fterjthey set them .
for each duration, so that you can check before they draw~ the
arrows, lee as much practice as you thmk necessary.

. Activity C:

1

two clock faces

Have each child turn to Worksheet 10 wit
on it. Have the children cut out-the clock faces along the
dotted circles. Ask them to fold one clock face into:two
equal parts by folding along the dotted 11ne through the

"twelve and the six. Then ask
them to open the folded clock
face and color each half of.it.
‘Have the children fold the -
second clock face in the same
‘way, and then in half again,
this time along the-dotted line’
joining the three and the nine;:
A'sk them to make each quarter-
of the clock a different color.

' Discuss half ‘and quarter hours

in relation to the colored
halves and q‘u_arters.l

The children should also mark

off their time lines in half

_-and quarter hours., For in-

stance, they could draw a

line of the appropriate calot”

for the first quarter hour be- |
tweén zero and fifteen above

the number line and cclor a

line from zero to thirty below

. the line to indicate the first

+. half hour, etc.

sl

Folilow the procedure where the class uses the demonstration
clock and their individual clocks, but this time have them
set the.hands to correspond to half and quarter hours.
rect the children to look at a real clock when the hands show
a quarter after and a quarter before an hour,
haye them notice the hour hand and ask them to observe its
\\posmon when the time'is a quarter after or Half past an

hour, etc. :

~1
co.

In ‘particular,
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Worksheets' | | and I2 can be used to extend the idea of the '
) time line to days, weeks, months and years. You may pre- ,
fer to save them for use later in the year, ‘ 5
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S MTHER FUNCTIONAL RELATIONS

PURPOSE

-

— To lead the children to 6bserve some simple functionai
‘relations-and to record them in various ways.

o ~ To have the children discover that there is a relation be-

tween the changes in one property and the changes in
' another. “

- To have_the children learn to record data in simple-graphs.

COMMENTARY

Equal emphasls should be given to the pomts listed above. .
The development of skills in observing and recordmg func-
A . tional relations will be continued and extended in Sect10ns‘(4
\ o and 5. The children will usually require experienceé with §,

i ' variety of changing condltlons and the graphs that record them
N\ . before they learn to recognize simple functional relations. -
N ' Therefore, do not feel that the children must have mastery of .
] \ the skilis and problems presented in this section before they
can go on fo work in Sections 4 and frultfully.

: :
62. . - SRR
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Lesson 12: PREDICTING CANDLE LENGTH

In this‘lesson the children will observe five candles that
Co \ have all been lit at the same time and-then extinguished at
ten-mirute intervals, so that one candle wiil have burned for-
_ ten minutés, one for twenty minutes, one for thirty ntinutes, - ’ .o
e . etc. One of the candles will be hidden from view, and the \
children will be asked to predict its length. The prediction
will be based on the observations of the lengths of the other

candles . ‘ o - . : . I
Start this lesson at a time when 'your class will be able to
’ return to it 1nterm1ttent1y during a full. hour
. . ‘MATERIALS ° Ce

- ‘ \ — 6 candles (thm tapers) cut off at the bottoni so that €ach
is IO" tall . : \ .

- .

- Plastxcene of clay

-~ cardboard, 17" x 24"

_.— matches |
Z wall"clock' . 0 ' o -

-~ kltchen t1mer S -

. —-L‘S student clock faces - . ' ( . . o

h 1

in

J
, — z" x 10" paper strips, 6 per child (5 strips of white. .,
. o ' and |.of another color) - : ' e
LY B - . . B . oot
PREPARATION v . B

Y i’ » . ' A ' ‘. ' v‘ : ~
Set each .cancle firmly in.a lump of clay or Plasflcene. Pre-

' A . pare a shield behind which one candle Can be hidden. Use
: . ) , a piece of stiff cardboard about AT 24", Fold it in half
" and brace it with a piece of tape, '
. . . kl 3 - N ‘e L.
. 3 - N ) ‘
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. \
4
N . .
. ' Place six candles in a row, about one foot apart, 8o that .
when you blow ‘one out the candle next to it will nc}t\ be af- )
e . . fécted. Set the candlés up where there is no draft sg that .

they will burn umformly. If p0551b1e set them in fro of

- L achalkboard T S \ :
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'PROCEDURE - o : . o

' AExplam the purpose of” the lesson. Tell the chxldren that’ you v R
are gomg to llght five candles and then blow one out after it

. has burned for a duration of ten minutes, one after twénty

minutes, one after terty minutes, one.after forty minutes and

one after fifty mmutes. One c¢andle will not have been burned

at all. The children will ‘be able to see all .thé candles ex- '

cept one mystery candle that will be hidden behind the shield.

After looking at all the other burned candles -they ate to pre- o

dict how high the;gystery candle is, . o

Label eath candle to show how long it will burn. You may
write on the chamboard abdve each candle or place a eard Fa
at the base of each ) , : o —~

7
-

. Now asslgn five children to watch the clock ‘Tell them at
what time you will light the candles, and make sure the ch11-—
- dren know how to tell when ten, twenty, thirty,. forty and .
’ fifty minutes will have elapsed.* lee each a.clock face on
which he can set his assigned time. Then they can watch ~ L
to see when the wall clock reddmg matches their clock set- : '
tings, (Set your kitchen timer for about nine minutes each’
time, th serve as.a reminder to the clock-watchérs.)
[ . » .
Light all the candlés but the one at the extreme-left. Work Y
‘as quickly @s you can so that the first candles do not burn -
down tog much before the last ones have been lit. Place the B
shield so that it hides the th1rty—mmute candle. (Make sure
- this candle is at least four inches away from the cardboard.)
Now set your timer for nine minutes., and turn to other work
during ‘the intervals for thé!next hour. Blow a.candle out : ' !
every tén minutes.. Be sure to keep the th1rty-—m1nute candle . ‘
hidden at all' times. Whén_all the candles have been extin=
" guished, their heights should range from the ten=inch height .
of the unlit candle at the left down to about a three-inclr _ T
height for the candle at the ex®eme right. If the candles
o have all burned at a steady raté,” there should be about the
same decrease in height between them, Even if they havie’ ‘
not burned at the same rate, there should be an obvious de-
~ crease in height bétween each two candles. |

N
v v
A - = PO .




~ s

Now remind the children that they are to try to estimate how R L
tall the hidden candle is. Ask for suggestions about how this
should be done, Then tell the ohildrén they are going to use
‘.'paper str1ps to make their predictions: . '
"THERE RE NOT ENOUGH CANDLES FOR. EVERYONE TO L
HAVEA S T SO I AM GOING TO MAKE PAPER €ANDLES . . '
FOR YOU|TO WORK WITH.. EACH OF YOU WILL GET ’
FIVE STRIPS.OF WHITE PAPER CUT TO THE HEIGHTS OF .
THE FIVE (CANDLES YOU GAN SEE, AND ONE STRIP OF C e
COLORED; PAPER THAT*YOU CAN. MA‘RK OR CUT TO SHOW L
HOW TALIL YOU THINK THE MYSTERY CANDLE IS.

L T T B s

Cut and°d1str-ibute the strips, and have the children arrapge

. themein order with the tallest at the left and the shortestat .  *
- = the right. Ask them to use: thescolored strip*to estimate the ) J .
height of the Thystery candle by ritarking or cuttmg it, 1If this 1

seems dlffrcult suggest to the ‘children that they put numerals )
on eaclrd’f the five strips to show how long ‘the candle each
represents has burned (10, 20, 40, and 50). After that, the . . - o
chlldren should be able to see that if they put the colored : ) -
strip between the strips’that are marked 20.and 40 it would S :

* be helpful'in’ judging about how tall the thirty-minute candle ' '
is, but do not,tell them to do this S , >

. 3 = . Cee

After ali the estimates_have'been made remove the shield
from the mystery candle and I&t: the chllaren make a direct
acompatison between it and their est1mates If some children

. made very.close predictions, ask them to exp1a1n to the rest
of the class how they diel it.

. Uli/mg chalk, or a paper strip. cut to the lehgt‘h of each
» burned candle, make a ba.r graph on the board.

g 2T e e e
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Lesson '13; TREE RINGS {. | |
- i — l . . 2
. In this lesson the ch/Ldren use Worksheet 13, whxch depicts
the cross sectlon of. a tres, to. compare former widths of the
tree with the age of the tree at different tgmes j They measure
the radii at varicus %\ges and shéw the relatlon between the

.age of the tree and the radiugs on a grid (Worksheet 14),

/ N

.

—v\qukéheéts 13, lA, and [5 N

— ticker tape K ‘ .t .

— scissors ‘.\‘-_‘ ST T o A ‘
g : —7 cellophane tape or paste ;-, |

—_ centxmeter rulers .

-

PROCEDURE o R

[ P — ..........._w........ -

the picture of a cross section of a tree -~ what you would see
if a tree were cut across its width, Ask the children if any
know, or can guess what the tree rinds indicate, If neces=
sary, explain that each wide ring represents the growth of the
tree during’ the spring and that the narrow (darker' rings show

MATERIALS ~ . . ~__ . -

Have the chlldren tut;n to Workshee;,,l&—Explaan-t:bat-—&hm—is—— 2

-

the growth in the summer. Haye the children speculatetabout
{ whxch rings grew fn‘st and give thelr reasons for thinking so.
\ |

“ Now ask the children to find tlhe fifth dark ring ffrom‘the cq,nzér

\‘ of the picture. ] ‘ /

o (It was five years old. )
;o , u
\ HOW LARGE WAS THE- TRUNK OF THE TREE T,HEN"
| (It was the size of that'rihg.) l .

[P —

_ HOW CAN WE MEASURE HAT.SIZE? (By measuring across
' the'ring.) . . .

- ¢
- -

THAT WOULD BE. THE DIAMETER OF THL RING BUT IT
WILL BE EASIER IF WE MiASURE FROM THE CENTER.
WE CALL I‘I-UJ?T DISTANCE THE RADIUS OF THE RING-

-

80 !
o
P

/' & HOW OLD WAS THE TREE WHEN THAT RING WAS FORMED" C

AV

L

PO Y




Worksheet 13 .
: S Unit_19 Lo . . /

" Each arrow indica{;e"s a radial lipe of the cros

[ s se‘c‘ti‘on of the
tree from first growth until it wds cut down. The children” Ve
will be measuring the length of rays for lesser durations also,

" -Eachchild will draw his 6wn ray from the center‘of the cross

Lad

along the same radial line. .- A o ' e

section to the duter edge, and will make all h;és measurements

G [ x £ B - ‘ {
. . . /
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. " iy — Ask the chlldren to ‘look
. 1 " at Worksheet 14, Ex-: 0
16 |1 " plain to them that they -
} s : - are-to measure in cénti-+
g N S D4 , N ] ' meters the radius for
12 ,( U N I each five years' growth .
. - . o ’ on Wor}iﬁ}}&ﬁz&%w@%&
g 10 cut ticker tape to each |
‘ % : __length and paste it on )
‘ Eorh Workshieet 14, Have .
2 6 them start by drawing a
\ :.° radial ling where the = |
4 tree rings are farxhest .
, P apart. Remind thém that;
- 3 | _théy have to count.the \
§ e T T % a0 ;5 50 _ dark rings along this :
A ' ACE OF TREE "Un, rines ~ years) - | line *o find the dorrect g )
= | number-of years. Give
. them a little practlc'e in recordmg the first few measurements _
. by wr1t1ng them of the chalkboard e, 9. o ' \ n
- —— - h ) ;\ e ! ., . i . «\‘ -VV
‘ SRPEETE Radius of tree at 5 years. I cm Ce [ ‘ SR
' . . ’ ‘ C : ) ..'v RSN b .‘l

Radius of tree at 10 years 5!2’%- cm
. 41
|

. ) .

After this practlce ce, ask the ch}ldreh to complete the work- _

N ‘ ) i . a*:( !
{ . . ;Radiug of tree at 15 years_s = 3 z.cm .. \
. . ’ 2 - 4 .

oo ' sheet, Remind them to write down each measurement in
s ‘ ' .centimeters so they will know how long te cut each tape.
) 18 T e I S
- . When the tlcker tape ‘ T ——
graphs aré finished, 16 P B U R
) you may.wish to have e
. the children try to' " 5 - -] 1
R —  plot the data on Work- oo 1 B e b
. + - sheet .15 (Stage 4 in Lo . 4
\ the-develdpment of e ‘ N .
. R g 9 ey 2 —
. . v graphmg as described B oy L, - ‘ >
. ) " - § A ST SR
. . -on page 2 o6f this man i At =
ual), or you may make g 6 : R -
‘ ‘ this a class activity,. B s
.o using one. chlld's data. | | R
Ty ) . : e . R ) 4
! b 2 [ ; ~3,
,0 ¥ 2 1 & 3 + - v 3
. H e 5 T a5 20 B 3w a5 40
' . . AGE OF TREE tin rlokg - years)

0]
r‘/‘

-

.
P e v S . . . 3
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NO'I'E Trde rings are vory iseful research tools for scientists, Thé1r shape,

N -
o : .
Sl - ; [ L A
. f ~

. \ » T
J.f possrble §et a small log or branch or even wood blocks or precés of two— B

be mcreased when they dee that they are, three- drmensxonal (They extend
for long distances and are added to form a layer near the bark so that older
parts of a tree have more rings than younger parts.), You can demonstrate
. this by puttrng a large chrnder around one of slrghtlv smaller\ c1rcumferencel
and surroundmg both with another slightly larger, étc.) l\
Some children may winl to know abdut the drstortrons in the tree rrnés shown
‘on’ therr worLsheets. Incourage the chrldren to find their own answers first,
Then, if you wish, prcvide this’ explanotron concerning the cross sect1on on
o the worksheet. The. drawing represents a cross section of a loblolly pine
© “ about fifty years old. This tree has surv, 2d several drsasters o \Somethmg
i pushed against it in 1ts early years . The tree responded by growing denser A T
v s , (heavxer) wood on the pushed '51de. This resuited in the formatron of rings
oL " that are more oval than round durrng that period. Later;,, whatever was leamng
-ou the-tree (perhaps another tree) was removed but'then there was a forest
. fire., The fire §carred the tree but did not krll it, It contmued to grow for a
number of . years after the- f1re. { o

L4 T - - - T -
: .
& ? -

Por an explanatlon of such distqrtions send to the Publrc Relat1ons Department

" of St. Regrs Paper Company ~ 150 East 42nd Street, New York, New York 10017

for; the free bodoklet, .The Tx‘ees and.the Forest. In this booklet you will find -
— s— " colored illustrations and the history

. i of a tree very similar to that on the

. worksheet.’ .

E

Have the ch1ldren discuss why the

tree grew more durrng some years >’

than during others. How old was the .
tree when the fire happened? How - S
many years did it ,row after that? *

Show them thi§ picture of the cross )
_section. of another loblolly pine that _—
grew under nearly ideal crrcumstances._w_ S
It apparently ‘had.the advantages of

; appropriate climate and soil, ‘normal
rarnfall and sunshine and no injuries
from fire termrtes, 6tc.

-

g
) : \ .
Phoﬂsgraph from l"ndeavour by W 85 GlOuK and 5. R. Agert~r’ ) e v “
Aol “ L3 l‘f‘uv b ¥ ‘ ‘ n' '
a“‘ - — » .




‘ ;éssgn 14: }%EL’.A;TION BETWEEN DIAMETER A_ND CIRCUMFERENCE

MATERIAI S

In Less\ n 4 of Unit 16, the children had\the opportumty to
discgvéo that the length of the cirqumference of a circle

is abouf three times the length of its dia 'eter. In this les-
son the ioncept is reV1ewed, reinfbrced and extended. The

children \measure and graph the circumferentés and.diameters

of several cylmdrxcal obJects of drfferent siges. The objec-

which both variables- (xrom object to object) are distances,
and to lea them to see that the r lation between circumfer-
ence and diameter is showh quite simply whan\the data is -
graphed --| all the data pomts falllon a nearly trarght line,
This- extenﬁlon of stag one in the development bf graphmg
emphas1zes the fact that a data point is determu ed by meas=
_uring. the a?proprlate distances along the two axes. It also

tive is to\’gwe the children’ éxperience in plotting data in

¢ introduces the idea that a time dert,\Oﬂ need not be one of
——thevariable' .. In arelation such as this, time is\not of-any
importance -- the relation betwegn the length of the circum-
ference and the length of 'the diameter remains con tant,
whether they are measured toda){j or ncxt year, /
. 1 .
. By having lthe chrldren work. in small groups~ you cah reduce
the amoun
' others v,ho‘ are havmg trouble cyttmg the paper strips.

have the class make a large graph on the-flannel board or

bulletin board. The chrldren may be astonished to find that
the relation between cncumferepce and d1ameter is th same
for large objects as for small ones.

'In additior. to the graph made b}i}]each Chlld you .may W1sh to

/

=

N B /
- l ruler or yard! thk
/ - 4 ‘
f for each h11d -
C— Worksheet l6 CL
‘ ‘ Y for eachjgroup of four --
trcker tape (one-half 1nc{.§ ide)

- — paste ., v

of equipment and hare children available|to. help .
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) — variety of cylmdrlcal obJects -- large and smaill cylindrical
) ‘ . property,blocks, plast}c containers of various sizes, -etc. .

1

PROCEDURE. -

Show the class alarge cyhndncal object such as a 1arge can -
. or waste basket \ ) :

,WHAT SHAPE IS THIS? {(Round, c~irculaf, ¢ylindrical.)

WHAT iS THE SHAPE OF THIS OPBN END? (Round, circu-
Ll

Stretch‘a length of tlcker tape across the d1ameter of the.
obJect

. . K]

- DOE_IS ANYONE REMEMBER WHAT WE'CALL THE LONGEST
DISTANGE AGROSS A CIRCLE?. (A diameter.)

8

3

S ) Use one end of your large contalner/to draw a circle on the
. chalkboard W1th a ruler or zardstlck draw a dlameter and
label it._ : . g
. o g NS f S ' ) »
a * . » A . . .
¢ ‘ CAN ANYONZ DRAW ANOTHER DIAMETER OF THIS CIRCLE?
" Have several childreh add diameters.

. N *

\ —— oot . WHO REMEMBERS THE NAMB FOR THE DISTANCE AROUND
THE CIRCLE" (Clrcumference )




s \ t ; ; f .
a\)' ;ﬁ_”_,;.-w""" e } 3" \ /;
L N T AN o
- \ R RN , 4 b ,‘M
[ ; - .\\‘\‘ } L. »»-_;'
‘ Tell the children t‘mat there are many mterestmg things about\\ : , .
. circles and that you are going to let them\ try to discq'ver one \‘,«,\ . f
. . of them; You dre going to show them how \to st/art ; \\ : .
. N4 . . \v\ “u <
Take a plece of paper tape and cut 1t to equa\l the dia \bter f \ -
“ the large Circular object you first used. - N \
v .\ : \ b‘ ";'\‘t:
WHAT DOES I’HIS LENGTH REPRESENT'P . (The length of he ; * .
. diameter of the can.) T'LL MAR% 1T "DIAMETER ol .

\

' By wrappmg tape around the gan measure and cut ;anot
- ‘Piece to represent the circumference.f . ‘\a

/ X
" WHAT DOES THI LENGi:H RLPRE/S,EN (The lengb 7

., , ' - the circumference of thée S};c,le/) I'LL MARK ’IT/)’CZIRCUM—'

' FERENCE. - . C
~. - /j‘ . //(\ e <. 4 ’j %

: e : ! “
T~ ) On-the cha’ eapd-draw \carefully ax ert1ca1 ical and-a- hor zontal
: axis. ' :

R ed 4
"wm“c —
"‘-I~.~

T )

o - I AM G6¢ING TO PUT THE DTA‘MEiEERﬂRIP AG-ROSS HE E. :
e OUB FROM THE "UP” AXIS. AND I WILL PUT THE CIR-
. ’ o CUMFERENCE STRIP- HERE, UP FROM THE. "OVER" AXIS ,
- C AND MOVE. THEM UNTIL THEIR ENDS IU'ST OVERLAP LIKE ~

THIS. - . e ,
. diameter - - . .

- .(..-.\.5__.-
Gy

s

e

S

5 !
PR

e

A o
SRS
th

=

S

circumference
LS

X

: y .
Have of

or twe childr

-

N

-
4

RRE

attacht rem.with hits/of masking tape.

f{/hold the tapes in place while you,

-

- 'HOW DOES THE DIAMI‘TER STRIP 0? (Stralght across.

from' the

HOW DQES THE LIRCUMPERENCL STRIP GO"

up ‘fro

"Ll

~r

Y axis.)

the "over" axis. )

1

.

-
N E]

5\ .

¢
(Straight - -




Y

. +that represent their measu/rements. ¢

HOW DO THE ENDS OF THE STRIPS MEET? (Thé end of
‘ ‘one just.covers the end ofithe o_ther.)‘ - T N

R

u and c1rcumf°rences of some cylinders and cut and paste
stnps of}correspondmg lengths on Woérksheet 16,

J.,. PR ¥ A ?

E mmnuu : s et
T some e N PRSI .

(After putting sevefal sets of
strips on Work‘sheet 16, the
children should dis¢over that
* the circumference vf any cyl-.
inder is abouit thre€ times,

. greater than its diameter. )

‘Distribute the objeéts to-each group. To make sure that each .

circumference is put with the diameter fromstheé same obJect\

'suggesf that they flI‘St number the ob]ects and ther the tapes

WH‘EN YOU HAVE SEVERAL SE/S/OF STRIPS IN PLAGE,
“ WHAT DO YOU NOTICE"’ “W-HAT INTERESTING FACT
DO YOU DISCOVER? | WHEN ‘YOU KNOW THE INTER-

- ~' - -.ESTING FACT, COME A‘I\{D TELL. ME QUIETLY. DON'T

*—TEI:L—OTHEKD :

TeIl the children that they are going to rﬁeésuré the diameters

T e

- CAN YOU FIND OTHER CIRCULAR OBIECTS IN THE ROOM
. THAT YOU CAN MEA_SUR/. AND RECORD ON YOUR "WORK~
-* _SHEET TO CHECK YOUR IBEA%- (If you wish, give the

.children somg practice i predicting a circumference when

you prov1de the diameter of an object, or vice versa.
- 'Some of the more able children may make use of the fact
© “a that” the”,mger.aectlons of"the pairs 6f str1ps fall on a

st‘[alght line, ) 8’? Tl ’ A'

-
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* Lesson 15; CHANGING WATER-LEVEL WITH MARBLE§ ;

3 . : B |

This lesson leads the child fo see that the water level.ina |
K u , . ‘ container is directly related.t® the number of marbles put - v
C . into-it. The lesson is also intended to improve predicting’

: and graphing skills. o ) - 2. ¢

. . F . .
The childrén add four marbles, one at a. time, to a cylinder
of water. They, predict the riew water height before adding
-each marble, After adding & marble, they note the new water -
height, record it on Worksheet 17, .and compare the result -
= . * -with the prediction, - s '

‘ o ,‘In“f}ctiyity A you demonstrate the pfoceéure, startin‘g*fwif:f'}
R - ‘ water up to the fifty—“millimeter mark in a cylinder, In Acti-
B . N vity B, the ‘children work in small groups to carry out the )
. ' same experiment, but they fill their cylinders with water up
to the sixty-millimeter mark. : T i

.

The children m4y notice that water distorts 'the shape and size _
. ‘ ) of the marhles. Some may even notice that the water level-is
: higher-around the side of the eylinder than it iYat thg center,
T L ; All of 'thgése observatiors aife worth:the‘r‘:time it takes to specu=-
late about them, if the children bring them up.

‘ MATERIALS
‘ N . - . : H
: " — roll of adhesive céntimeter tape 'witqh milliméter divisions
) — water  ° « — - : )
PR . P & . i " .

) . v . - for your demonstration =~

. .- YOuF.cc')pqy o) "Worksheet 17, providad with the lesson - AR .
\ <= | tray offequipment prepared for a group (-seé below) .
- — water ' S S e T e
P ' © == for each Ghild - _ h
~ = Worksheet 17+~ -0 L . . T

-~ | red and | blue crayon:

* ~ . . . [ . . *




\
-, . .\\ ! i ’ >
oL . -3 &~ for each groui}, NG
' — tray - ' ’ SRR
. q ., . - , *
- .7 — plasti¢ cylinder with scaled.tape attached, as shown
C - 1n the photograph on page 79, & . .
= water Ty
\ - ' ) —_'medicine dropper

= craft st1ck or to‘ngue depressor

- paper towbl - ,

S %REPARATION e - - O\ S
Put a millimeter scale on eacgl plastlc cylmder - Do th1s
cutting.a ‘length of ten cent1meters from your roll of scaléd
adhesive tape and pasting it, to the sidé of the cylinder,
with the zero at. the bottom. Put all the items speC1f1ed for
each group on a tray, eXcept the water. (One member from’
‘each group can come to a table and measure sixty milli-

R meters of the water mto the group s cyl1nder at the start of E
. T Act1V1ty B.) - T % & »
: éROCEDURE - S o e .
¥ . S . . °
- Act1v1ty A

For this demonstration activity, mount a copy of Worksheet
_ 17 on .the chalkboard. Place it rather. low on the boatrd so the
- children can see and mark it easlly. Use the equlpment on
-one, of the trays you have prepared for the children.
e . Have the ch1ldren gather around closely, $0 that all can see‘
‘ Begin by shewing an empty cyllnder with the scale on,it. Ex- ‘
) plain that each centimeter is divided into ten smaller parts -
.- called millimetérs.. Remind the/children that since they afe
' used to.counting by tens, all they need to do to count the -
millimeters is to count by tens.at every centimeter mark. For*
- example 4t the one=-centimeter mark, they would say "ten
' m11L1meters " at the two-centimeter mark, "twenty millimeters,"
and so on.. Throughout the lesson, express Bvery measurement
_ in millimeter$ yourself, but accept the word "marks" from the ®
ch1ldren ' 4

{

}

‘,
i

”




" Worksheet 1"
- Unit.19 -
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Next, use a craft stick placed in

"Now fill your cylinder.with v?z.a.te'r to the 50~millimeter level, -

Stop pouring a little short of the mark and-use ‘the medicine

dropper to get the water to just the right level. Explain that

you are going to place four marbles one at a time, into the R

water in the cylinder. Let the children look at the marbles
and guess what will happen to the water level when you add
the marbles., . ) .

» " -~

Ask a child to read the starting level of the water in your cyl-
inder and to put a red crayon mark on your copy of Worksheet -

put the red mark besxde the 50- mllln_;neter mark 1n column 0.

.

the cylinder to let the first mé;bl‘e
roll gently intc the water,. Tell°the

“17 where he thinks it should be Guide him,. if necessary, to *

chlldren that this is the careful way-
each marble should be added, so
that the liquid will not splash out,
Have another child give you the
reading -for the new watér level,

Ask the class to help the-child
decide where the new mark should
go. The children should decide T
to put the new mark on the cylinder o
marked "1" (number of marbles)

at whatever reading was taken,

This should be at or very near the
sixty-millimeter mark.

Before.sliding another marble ‘into
the water, ask the children to make
some predictions about how high
the level w1ll be when this second
marble is added Make a brief
record of the predlctlons on-the chalk-
board (the child's initials and the
numeral).

<

Put the second marble in the cyhnder and have the readmg

.and recording done. Then let the children check their pre-

d1ct1ons and make new- ones for the third marble Continue
this process of predicting, adding a marble recording, and

. checking with the predictions until all four marbles. have
" been added to your cyhnder

4

”
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Before going on,to the next activity, give the children some .
practice in reading the, m1111meter scale, if you think it neces-
sapy. Use an empty cylinder for this, having different chil= *
dren show you where the marks aré that show (e.q.) 6| m,
- 77 mm, and so on, . . “’fm -
» N .
-a ' " -1
\ - A
L o ‘
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Act1v1tyB . . ) , . - s o

. the sixty-millimeter level. Tell: the childrén’that they are

I "0 marbles", and then to mark with’blie crayon a prediction R L A

. right. Then have them complete the worksheet. usmg red
crayon for actual readmgs

that water may have splashed from some cyhnders etc. .

* or ten millimeters. Ask a child who has had unusually acgu~ B

DLStrlbuté the trays of equ1pment to the group of chlldren. . ‘ ,
Check to see that each plastic cylinder has water in it to Y

going to do the same experiment they helped you do, but
that there is something slightly different about it, See if
they can-tell you that they have more water than you had
"ten millimeters rhore: . :

~

Ask the ch1ldren to mark the water level at the start on Work-
sheet 17 with red crayon at the left of the column labeled =/ T

e

for each of the other columns,,puttmg the blue farks to the _"

L ‘
* ’ -
~

A d1scussmn of the results will show that slight variations b
exist from group to group.. You might ask the chlldren why ' ' '
this is so. They should be able to s''ggest that the marbles,

may vary shghtly in size, that measurements are never e*<aot

a

.i ~ - 4

N
Some children may have made excellent prediction.s., because - N
they noticed that each marble made the water rise about nine

rate predlctlons to tell- the class how he made them. R
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i Lesson lé SWELLING AND SHRI\IKING SEEDS e —

= \ 1

Although this 1esSon ext nds over four days, it r qum‘es very
little time each day: Plan to teach the lessons /1 Section 4
during \the remamder of the two MINNEMAST pemod each day.
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. , Column oi seeds at start’. Column of seeds afeer 24 hou/r‘
- . . . b * "\« N :
S C - " Day U AN Ll 8
:4 ’-‘w.:": ' . . -, I;Day \) N ’ bl -"“\ ' D'ay J
’ " N ' . . ) ) ! * 13 * - ,v: - " .
‘) | I % LY s —" oo 1/9 . o . .y , N . R hd |

‘s o Aftor observing the increaseyin helght of the seed column th(-;-:\
' . : . " children spread, the seeds on paper towels to dry. The next”
. - e "ay the'children. put the scedg into® cm on :puy cylmdet and ‘
_fo, measure the height’ ‘of the seed column agam. Therythoy .
Lo . .~ spread tﬁe ‘hbeans out once 'morq and measure them efter a "
/ A . second gay of drymg to see whe\ ther they h‘ave shrunk still ;
AT . {. wore.- The children rqcord each day s, data on Worksheet 18,

e Y
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- This activity glves the c;uldren an opportumLy to observe
‘and record a change in 91ze that can be maoe to go Aintwo_
d1rect1ons, rather than,Just 1ncreas1ng or dec easmg. oo

S\

,The aosorptlén of water (1mb1b1t10n) by var1g> r’naterzals such,

' as peas, beans rice and wood has practical ppIit,ations that . .
+ the children mrght enjoy th1nk1ng ‘about. For e ¢cample;, their ‘ ' «.‘ .
- mothers have to knqQw how much iwater a cup of rice mll absorb . ,f“
. to know how much to add for cookrng, how large a” pan to use '

to cook it m and how many peoplé‘ it wﬂl servey - :
T . o " 1 T .
In °some 1nstances the power of ﬁwelhng obJects as been
usedto g?atadvantage. Beforet explosives _were Lscovered

¢ . stone was/quarried by pouring water on preces of dry-wood -

/ that had been wedged into holes in the rock.. Even now this

i method 1?: used 1n quarrying marble and granite for pecral “' -
-~ - . purposes., Thereis some historical ewdence that s elhng . ,
. 1 .

L seeds weré also used to split roc}ks. You can demo strate N

o the power of swellfng seeds-withla simple. experimerit., Fill .

N . ‘a small lastic. bottle w1th beans and pour as much-
‘ ) it as posdsible. Screw the cover En ver\( tlghtly, .or ‘use strong
oLV .,urcncal tape to. keep the cover s curely in place.. T 1e mext . ) . / "
*\ o day the plastic bottle w1ll be broken. \ A P - 4 -

-
-

c. ~and Day | 1s not\a cons1derat10n in th1s lesson, beyo d the
. fact thal a certain level was specified to insure that the
) + beagds hpve enough water to absorb. There should be ftery
T == T T little cHange in the water level, if the tops of the cylinders
) have be¢n tightly covered'with piastrc wrap “and if th re has
been no splllage' ‘ i . . 7
‘..,\‘ ’, TR A

C MATERIALS CL ‘ \

3

s . © == for eagh child -~ S I
-t e — plastic cylmder with centiineier tape attached . S |
_._,_*__,____ - tapé pr Jabel for ch11d's name- , _.'? - :/ Ny
-, ‘ 1 . L - ' = soufflé cup filled wrth Michigan navy/beans Lo h‘ Ny P

\ .- — contafner of\water /, co Y AR .




. - med101ne dropper- R “\ “« .-

B p1eje~of plast1c wrap to cover top of. cylmder ‘

. — paper towel . N Q,:\ R .
| » - - LT S . .
| = Worksheet'J8 ' ¢ : \ 1
N \-:=- for the class 7= \'
’ \
- box or pan ‘in whicH to store “all the byhnders from day tQ |
' day . \ L. .

. e Y l \v . . ‘ ‘,.

— i beam balance (frojn Unit I6) I )

- boV of paoer chps (#I) ,' L ) ‘ !

‘e\(trar plastic cyl1nder W1th Screw topr or plastlc p1ll
bottle w1th cap and strong adheswe tape (optionatl)

or arrange them on a table where the o’hlld'ren can come and

v ; ‘get themr. B S o= N S
' PR‘OCED’UR‘E - ' ;\ { - K ( = >
' — zi-"' ' S " * i, o N
- Day 0 /“ AT —
. ’ - v PN  §y rn . .\ i 4 ‘r . ) .
‘Give a tray to each child, or ask the lc:hilc‘lren to come and get

Gi
t}:g materigls and have them work on éaper towels. ‘Ask each
child to label his cylinder with his nameror.ml.tlals. Next -
h e each child fill hi§ ‘cyll er to the 2-€em mark with beans
f om the ‘souffléicup. ‘Suggestxthat the hildren take out or
put'in beans, ,and jiggle them around a Tlttle in the cyhnder
o'get the beans as ‘nearly level with the 2-cra mark as poesi+
fble. . Next. ask the c¢hildren to pour encugh water in each
~cy11nqer so: tnat beans and Wi ! er combined reach the 7 ~-cm
mark . Bemm/d them t’hat they-can ad)}xst the water level with
'._};‘ a med1c1ne‘ dropper. After that each. child should- cover tne

, * ‘.‘.'. ) * . S L]

VA S

i




top of his cylinder tightly with plastic wrap and stand it ih.
the box or pan you have prov1ded for that purposé. Next, ask
each child to look at Worksheet 8.

{

2

WE HAVE IUST STARTED AN EXPERIMENT WITH BEANS -
ON WHICH CYLINDER SHALL WE MARK THE HEIGHT OF
-THE BEANS TODAY" (On the cylinder above the column
marked "Day O "') e s '

. : -
-t "

~
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Have the children put a mark at the left of the cylinder to
show thé height of their bean columns on Day 0. . o

TOMORROW AT ABOUT THIS SAME TIME WE WILL LOOK ~
AT OUR CYLINDERS AGAIN AND FIND OUT WHETHER

ANYTHING HAS CHANGED WHAT DO YOU THINK WILL
CHANGE?

’

Let the chxldren speculate freely about what w1ll happen but
do not reveal whether they are right or wrong.

-

. - “ . ! ~ .
« . .
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Now ask one child {George) to fill a ¢ylinder with beans_to
the 2-cm mark and then to weigh the beans with the ‘beam .
balance, using paper clips as weight units. Make a record
of the welght of the dry beans on Day 0° on a chabkboard chart
that will eventually look hke this:

50 - ,

o

vl B

. .
<

bay 1

Da y‘ ‘52

. Da}/ 0

Y “

. . George's weight experiment

- W S o gt

Ll

Next have George put the. beans back in the cyhnder and add
water up to the 7-cm ma;‘k When ‘he has done that, have h1m
pour the water into another container and weigh it, Make a

‘simple record for the weight of the Water.in paper clip units .
9

on the chalkboard. (If George has used #I paper chps the
record should look like thts: On Day 0, the weight of the
water 1n George s oyhnder B 40 paper#chp units )

-

Have George label his cyhnder “We;ght Expenment " restore'
the water to it, cap it wrth plast1c wrap and set. 1t aside until
the next-day. . R . T Co ' -

. . .
< . . . . . »




. Day .|

~

-
hN

Have each child observe the new bean lewel in his cylinder
and fill in the new réading in the appropriate column of
Worksheet 18. Then have each child drain the water out of
h.s cylinder and spread his beans. out on a paper towel.
..(Some of the inverted cylinders may have to be tapped sharply
on the desk to dislodge all the beans.)=Have gach child mark
his-towel with his name or initials ‘and put it in a place where
it can be left overnight for the bean‘s to dry out.

Y Now have George drain the water.from his cylrnder into the
same container he used the day before for weighing the water,
and weigh his beans before he spreads them out on a paper
" towel. Make a record of the'weight of the beans above Day" I
on his’ chalkboard chart, Have the children compare the in-

crease in weight of the beans with the increase‘in the height _

of the beans in the cylinder. (Both measurements for, Day |
aze about twice those for Day- Q )

Before' George weighs the water from his beans , ask the chil-

dren to speculate about whether there will be more water, less. "~

water, or about the samé amount of water-as on Day 0, and
- give their reasons., Then have George weigh the water and -
"record the new weight on the chalkboard. (It. should bé about
° -half that of Day 0.) ‘Ask the children what became of the rest
of the water. «It went into the beans; the beans absorbed it,).

-«

~

If you wish to do it, this is a good time to start the exper1ment .

with 1 cylinder crowded full of beans and then water and

ask the children what they think wiil happen. Be sure the

cap to this cylinder is so tightly screwed .or taped in place
that the cover will not come off and spo1l the exper1ment -

° .
- . . -, . -

Day 2 . . "o

The children take the dry beans from their paper towels; put
them. in their empty cylinders, make & reading of the new-bean
he1ghI, and record it on-the worksheet, ‘Then they spread the -
béans out on* 'the towel again, Depenchng on the conditions in
'the classroom the shrinkage by the next day may' ot be
measurable but the poss1b1l1ty is worth speculat1<5n and in-
vest1gat10n by the children. .. - RS
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Ask the ch1ldren to predlct the weight of't-’.eorge s beans
Then have George weigh his beans and record the new welght.
Have tlyeschildren compare the loss of weight with the loss of
size! (The losses widl be dbout the same. George's beans
will-weigh about half of yesterday's weight, and the height
of the dry beans in the cylmders will be about half of yrester—
day's height.) - .
i
WHY DID GEORGE'S BEANS WEIGH SO MUCH LESS
. TODAY? (Because they shrank like ours; because ’
the water evaporated from them; they dried cut, étc.)

®

.The children should be able to see that there is a relation

between the loss, in s1ze and the loss in weight, both caUSed
by loss of water from the bedns. -

IF GEORGE PUTS HIS BEANS IN WATER AGAIN WILL THE
BEANS.CHANGE AGAIN? HOW WILL THEY CHANGE IN
SIZE? ~ HOW WILL THEY CHANGE IN. WJ-]IGHT?

S, . . T ‘

After the chlldren predlct have George put his dr1ed “up beans
in the cylinder and add water to the 7—cm mark, as befofe.

PR
B N
*

On this day, the children make the last measurement and re-
cording of the bean heights. Then George weighs several -

batches of beans that.other children have been drying for:two" -

days, in order to get-an’approximate redding for Day 3on his
weight charti, The childréen compare George's weight record
with their own height data. They discover there is a corres- -
pondence.betweén the two. T -

-
~

- .

Next George shows the class-his. cylinder of re-soaked beans,

- and the class observes that the beans have again increased in
size. .Then he weighs the wet beans so that the class can see

. .the beans have also again increased in weight,

_ If-you have done the broken-hottle experfment let the children

examine the broken cylinder and speculate about the cause,
Then, if-you like, tell the class how this swellmg through

'_.absorpnon of watel has beenwus_ed to split rock.

L e K K e o e = n e
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Whether you have done the bottle experiment or not, lead the L

children to a discussion of whether the swelling of seeds is !
- of any practical use by telling anything they hive noticed P

about the cooking of rice, barley, oatmeal, etc. at home.

s RSP

WHEN YOUR MOTHER—COOKS OATMEAL, DOES’ SHE S 7/

- L - ADD A LOT OF WATER'TO A SMALL AMOUNT OF OAT-
o .+, MEAL, OR DOES SHE FILL THE POT MOSTLY WITH

‘: . OATMEAL AND ADD A LITTLE WATER?. WHY? .
v If you»wisl'i, let the children bring small amounts of dry bar-
ley, rice, wheat, etc. to test with water in their cylinders.

Wood chips or sa_wdust could also be soaked in water and the
. results noted ) .o

& o

You-can call the children's attention to the fact that wood

absorbs water by asking them why bureau drawers and house
doors st1ck at tlmes -

2 ‘ SOMETIMES IT 15 DIFFICULT TO OPEN THE “DRAWERS OF .
.. WOODEN FURNITURE. CAN ANY OF ¥OU TELL US WHY Co

THIS HAPPENS? DOES THIS OCCUR IN ANY PARTICULAR ,
KIND OF WEATHER? .

© ) T e

e
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SSSES@INEE P1OTTING ORDERED PAIRS

s -

* PURPOSE *

. x
. . »
- L >

!

— To give practice in plotting data on.a grid.
’ ott . , W Y . n

. _ — To give practicé in interpreting graphical data. o .

COMMENTLRY - - . : - .

This unit is devoted to the-observation of different kinds of

“changes, and‘the recordjng ogthose changes in a number of

different ways. ~One of these recording methods is to graph

..}\the data by plottmg points on a grid on which l;he horizontal ”

o [ or x-axif shows ‘one change and the vertical or y=axis shows ) ‘
P - another charige. For “example, to show growth over a period r )

S < of time, we yse the x=axis to represent regular units of tlme,

.and the y=akis to represent units of height-measurement. The

. - . graph showmg that a plant grew from 2 inches tall on’the third
\. day, £o0 3 inches tall on the fourth day and then to 3% inches

tall.on the fiéth day would look like this: - B

. .

€

P ‘.
-
- .

- . . ‘4

]

-
URURVSR

‘t

. .
e
)
Id
¢

Height

l . »

»
o

Time

The location of ‘the point recording plant size on the third day
. can be described Ly a pair of numerals (3,2) that locates the
o ! point in reference, t6 the two.intétsecting axes, time (x)and
- . height (y). The pair of nymbers (the coordinates) is called - “ o
e e an ordered pair, becausé it is always given in the same or-"-
S der -- that is, the horizorntal or x—-ax1s location is always

¢ stated first, and the vertical or y-axxs 1ocatlon is -always Tl - T
stat_ed second. . , , c Lo




... ~ The lessons in this section are des‘ignea to prepare the chil-
dren for graphmg data in this way and for interpreting such _
. graphs. . _ | , : ” : o ‘-
We begin withr columns and rows of desks and show the ch11- '
dren how these can be recorded on a rcom map. - - The chlldren
learn to locate edch child's desk by an "address" which is
) ) an ordered pair of numerals naming the column and the row in
P o which the desk is located. Lines drawn through the columns
¢ . and'rows on the map become the children's first experlence

e,\

o with numbered grid lines. -
The children continue ‘l'ocating points on a grid by "name-and - .
address~." That is, poini»Ais at (3,2). They learn to find .
3 on the horizontal axis (called the "over" ‘axis) by starting
at 0 and moying over to 3; theyfind "2 on the "up" or
vertidal axis Jy.moving up from 0. Then they trace the grid
lines from each of the axes to the point at Wthh they inter-

':/,\ sect.’ S - '-‘
Ordered‘pairs‘éx:_.e provided in tables, and the children trans-.
fer them to grids. (Thé bonus for this task is to draw a
. “follow the dot" picture on the grid.) They also work with
1 ' e the inverse operation —- that is, they read the plotted points
C on the grid and transfer thelr addressés (the ordered pairs)
to tables.. o A v .\

-t

3.

It is expected that many children will be able to handle this
. . : 'wogk -easily, after their work with graphs in preceding agti-
. ST vities. Others will nead extensive practice. Therefore, the
- lessons of this section may be used formally or as free~time °
.activities, as best fits the need of your c¢lass. It is hoped .
- . “that they will appeal to the children so that they'will continue =«
‘ ) "' to play the games and thus review the processes even after” -
‘. the unitds completed. .You cah cbnsider the section success- . .
fully completed when the majority of children are able to lo- - . -
s 7 ~cate a pomt “onla grld when given its coordinates as an-or-
] i ) " dered pair. ” You-may then proceed to the next section, in |
T T - which these skills are applied'to speuﬁc problerps.
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Lesson I7: PLOTTING ADDRESSES

>
-

LY

In this ledson the children learn to describe locations of their
desks in terms of ordered pairs of .numerals referring to the
cclurin and row-they é&re in, They locate the porrespondiﬁg'

' intersections o~ a grid superimposed on a map of the room.

MATERIALS

L]
.
: * .

— tagboard
— c‘arés with -*mkers for labeling rows and columns of desks

— red markmg pen

é
e

PREPARATION

« t e

Before teachmg this lesson, arrange the desks in an afray as
showh m the diagram, below, and draw a map of the arrange-
ment on a’large piece of tagboard (If you.normally have the
desks in an array, draw the map of your regular arrangement,
It is not'essential to have six columns or six rows,) .

Put numeral cards on the first desT< of each column and row.
As you face the class Column ‘| will be on your left, and’
Row- . will be closest to you. Show your own desk in its pro—
per locatlon. .

-




A
e

7 Activity A ' . ) -

. PROCEDURE ~ »

. "

Remind the children that in an array . such as that formed by
their desks, columns go up and down and rows go across.
D1str;hute the cards assigning numbers across the first row

1 _and down the first column of desks® Have the childrerr seated

at their desks. Tell them that when you shut your eyes ; they» .. ~

” are to move quietIy-to_other desks, Keep your eyes closed
throughout the first part of\the act1v1ty.

\

When'the chlldr;en are settled ask. R
. R ;

e MARY, BRowg\j_, wasRiE ARE YOU SITTING?

-~

-~

.-

' If she answers"'At~]‘.ohn's"desk' " say; - S
\ .
«.  I'VE FORGOTTEN WHICH DESK THAT IS; AN YOU TELL...
o ME IN ANOTHER WAY? (Third column, second\seat )

L)

If necessary, hslp out by asklng: N

WHICH COLUMN ARE'YOU IN? (Thlrd ) *WHIC’H ROW'P
(Second.) YOU ARE IN COLUMN THREE ROW TWO -
‘OR YOU ARE AT THREE TWO. . .

'.-w -

,

NOW TELL ME WHO IS SITTING AT FQQUR THREE --= IN

e COLUMN FQUR, ROW THREE?

MR L)

"+ Repeat this w1th several children, -

«
-
e
. \ P
-

Then open your eyes and call on several chlldren to gwe you:

.
-~

= - LthEIE addresses%thams, to name the column and row ofthe 7

desk they are sitting at. TmphMatthe columnmaddress
- is always given first, and since we know that, itis fot ;-

- erals, . i -
. - "

Vary this by calling out addzesses e.g., (2 6), (I 4) and
. havmg the chlldren seated-at-thoser desks stand .~

S R R

-

I .

: . necessary to.use the words "column" -Or- “row" before the- num- .

T

3]
s s,

.S .




R

chtjwity B, T e

. .

%

-

» o

n‘ o . | =

Gy

If you, normally "hive the desks arranged in an array,
‘the childrén return to their, own seats . Show the class

¥
AT
\ ,Q )
N X3

havG .

a&é

tagboardvn‘?f) of the de,_sk arnanggment “T8ll then‘; that it
"shows the~desks as yox s,ee*them from the front of the room.

Take the map to the back of.the room so that the chxlc}ren P

-have to turn arOund intheir s&ats to seg it.
-~ it ea$1er fbr them to relate- theu* physmal positions to the |

visual: 1mpressmn gwen by the map. It will hglp,'t,hem s.ee»

why the desk that seems.tdr e, 1§x.the front fight hah& corner™

‘af the room is shown at the lower\léft hand corner’of the maps

This wzleake

A}

L

]
N

With a red ma'r}\mg pen draw vertlca“f hnes through each R
column of desks and across each row. These lmes will form °
a gr1d with a desk at each'intersection.
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Continue to ask children to give their dddresses, or to re- ,
o spond to addresses ydu call out, but now have each also go
-, i to the map and put his initial's on the,desk at the: proper ) .
. X intersection. Occasionally point to 'a desk on tha- ap -- - ‘ .
. . one that does.not have initials on it *- and ask the ,Class for v
. . its address. Then the child at that desk should go to the
" map to ial the a proprlar.e desk Y \
e W P ."\ Lo .
. - K
. -,
> When the childreh are able to do this act1V1ty with facihty, :
. . - ": carry the magrto the front of.the room and continue as before.
e . If~they ‘have toé much trouble with the changé in orientation, -,
e L. T cqntznue workidg grom the back qf the.rcom, since the main, -
3 o ¢+ purpose of the lesson is fo- teach ‘the readxng of coordinates ' .
. . on the grld. . Keep the whole class-involved in checkmg
. addresses You may prefer to let each child call out a .
3 * . child's name .or address after he has 1mt1aled or glven hlS '
Il . own address.; . . .
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AR Lesson 181 PLOTTING PICTURBS .

in thxs lesson th children use ordered paxrs to locate points “t
- - on a grid. Then they connect the points to draw pictures. N

. ' % This gives them a great deal of practice with naming points " g

on the grid. ‘ e

We supply more of these worksheets than you nﬁay want to
.. use in class time. Optxonal worksheets camr be dane during

free time, ¥ - .
. - 2y

. -
1 . 4 R 0

\

S MATERIALS

-< for each child -- o

) - mirrors t" cube mas}\mg\te_;y (é‘" w1d\.),\ glge . ) -

- R . P

- WorLsheets 19 - @ —

. .
. e . o ) - .
« - —— ! -
) BN . . . ] -
.~ . . . ¢ on - -

A PREPARATION - N .

s on

Before distributing the mirfors provided in.your kit, follow
. ® _.these steps’. (Tape, Woodenrcubes, etc., are included in
. the kit.) - R ; i
|. Glue I'" cube to the back of the mirror at.the center of P X
the lower edge. The block should be even with the edge ’ T
Co of the mn'ror 3 -

)

4

B .Masking Tape \

PR N

2 Use the 3" maskmg tape to cover the two side edges and
top edge of the mlrror,, as shown. above, _ S

e

A}
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’ PROCEDURE

3

Act1v1ty A

... WHAT IS THE ADDRESS FOR POINT 'A?

On the chalkboard draw a 10 by 10 grid, and number the .
"axes. "Have_the children turn to Worksheet 19, As you read .
off the data one pomt at a time, the children are tv plot
each point on their worksheetc, Tell the children that we.
call the address of a point "an ordered pair" because.we v
always give and plot the nymerals in the same order,

" Plot the first few points at the boar whlle the chndren -
follow on the1r worksheets .o )

M,r‘

N}

be .. s

FIND INTERSECTION (I, I). THEREIS A DOZDAT THIS N

INTERSECTION ON THE WORKSHEET." IT IS BELED =

POINTA., ' . ~ - e :
Use a f1nger of your right ‘hand’ to trace “from 0 to | on the
hori:zontal or x-axis. Tell the chlldren that to find the first
number of ‘the pair we .go over from 0 along the "over® axis.
Use a finger of your left hand to trace up from 0 along the. .
vertical or y-axis. Tell the children that to findthe second
number of the pair we 'go up from-0 along the “up" axis. .
Then trace along the grid lings with both fingers until they
.meet at the intersection. Mark it with the ordered pair- Ce
(1.1) and label {t "A." ’

THE ADDRESS OF POINT A 1§ (I, IJ. " WHAT IS THE
ADDRESS FOR POINT B? (| NeoL e

)

" FIND INTERSECTION <| 7. PUT A DOT THERE, - LABEL |

Y IT IIB “h -

[ R

rRepeat the detailed procedure for po'int B while the.children
work at their seats., Then have a child come to work at the
board as you_ c,ontmue -reading the—addressesn one by ornie,

i

CA @) e (e

L

B (I,7) .. D (2,10




«

6.,1)

7 E° (3,10 J
, P (3,9 - K (6,3
G - .(4,10 N A )
L HO8,7) - LM, -
VI ' " I8, 1) N (11 "

“

After all the points are plotte'd the children will connect
them in alphabetlcal order, usmg straight line segments be-
., tween points; Have them use a ‘Straighitedge to draw the

line segments, (They need practice in this sk111 to prepare .
them for work in Unit 21.) )

’ ‘,Now Have the children do Worksheet 20 1ndependently. (Pro; '
vide help only when it is needed ) Worksheets 21 and 22 are

: C optlonal ffee~time " act1V1t1es. :
All the_children should do Worksheet 23 This provides ong-
‘ half of a symmetrical figure. Have the children stand their -
. . o mxrrors up along line DH, the 4ine of symmetry,, to.see what

: ‘the compléte figure should look like, Then, by countmg grid

~11.ﬂ'es they should complete the figure, label the points with
letters and ordered pairs, and write the addresses for the

points in the table. Worksheet 24 is another opt10na1 act1v1ty
mvolvmg symmetry. ) . T

<

- Activity B~ . . L

{ -
“ ’
.

Have the children work ih pairs. On Worksheet 25 each ch11d
~ is to draw a four—s1ded figure using straight line segments "
, . ' that begin and end at gr1d 1nter'§ectlons. (Each new line seg-
. ., ment is tg begin at the’same point that thé-last one ended on.)
The children write down and then read fo their partners the
. - addresses of their points. Each repragduces the other's b
. o o flgure and then’ they compare the reproductlons W1th the )
. " origihals. % e e
- B R \\ )
- . - e Wopksheet 26~prov1des for a similar activity in which the chil- - -
dren draw simple pictures, again using str aight line segments. . ~
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_Worksheet 19,
Unit 19

. .Name

.Plot and 1abel these polnts.

.

Then connect them-iri alphabetical order.

A LY

—
N

.. B (1,7

C 12,81

D (2,10}

PO

-

E (3,100

F (3,9

G (4,10}

H (8,7

1 18,10
) (6,1

K 16,3)

L - 15,3)

L

4 (5,1

N oWw oA N ® OO

N (L1 . . A/'

M

1

Al-.

T

[

’{“‘“‘23,45678910“

worksheet 20
Cnit 19 .

-

Name

plot and label these points.

Then -connect them in a

A 10,5
B 12,6
C 14,6
D (9,11)

E (11,11
i o

F 16,6
G (13,6
H (15,8
1 (15,5)
J (17,4)

'l

L

Iphabetical order.

E 16,4
L 11,00
M (9,00
N (434
0 (2,4

R

M

L

~

{1 2 34 56 1789

10 11 12

13 14 15 16 17

)

-

-

* worksheet 21

Unit 19! Name

Now solve this pu;zle.

‘ 116,5)
115,51
(15,6)
113,91
8,91
16,8}

3,Mn

15,3

13,21

(as,21
E (15,3
F, 116,3)

.

18,9
(7,12
(4,10}
15,13}
(3,101
(2,101

" 10,8)

i

“

7T 12 13 14 15 16
! , i

worksheet 22

unit 19

«

A2,
B 0,0

¢ 4,4

D 4,6)
E (56 °

K (11,8
1, (10,6}
vy 112,60
N (12,4
0 (16,4

a3, n

-
™~
Y

s

N -
0

P

-

6 78 9 101

T 1271314 15 16 _|
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“ ’ Worksheet 23 Worksheet -24 - .
’ Unit 19 L Name _. Unit 19 . -, Name
K . ‘Here 13 half a picture. . : . : - -
. Use your mirror to see 1t all. . ] ¢ . *
S - The- 11ne of symmetry (s DH. . 3ere {s_another symt;n:(ﬁ:gl picture, -
: - X Count the grid lines to complete the picture. CZ; your mirror'on ~"ed ‘.' h ¢
: -  Now riame the poinis.’and f111 in the charé,, plete the pl:ture.nn '”"" the chart. :
15 - ) T "
- 14— . A 3,0 ; - 2 ol A .
:.""’ 0 ) ) l - - - * - -
T - —g— =1
5 12—t B 3,/ | F
. . 6]l—
. - 11 - - (Y - 7 { - . Bl.C 3 ~ o
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: 0:1)5,2 4 N2 - .
e B 2,00 ¢ . . R .
* o L}) o » » 4 4
t : A—' - - 5 ) - ] e - ’ v
1 Worksheet 25 - v " . Worksheet 26 v .
) tnit T Name 5 Unit 19 - = Name
. . PR +
. . - . B
N Draw a 4-sided shape on the grid. ) Draw a picture. Use,only straight lines.
s . Nape the points and 111 In the chant. Tell your friend the addresses. R R
b  _Then tell the addresses to your friend, . o ® . o0 t
N pid your friend draw the same shape? Ac S
/ ’ ~ - o 6 ‘ XU I
] & : . , <Jg] : .
, g i - ' 5
' - 8 - A4 P ] B (4,5 )
D a - o . - . 4 — = - .
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) = .Write the addresses for your friend‘s shape. Write your friend's addresses.  * b3
: © Now drnwgthe’shape. L 1se-it- the same as his? “n\en draw his picture.
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Lesson 19:

"gb 'MOKO"

“

<

“«

¢

~

This game prov:des further practlce in nammg and locating
points on a grid. It is similar to tic- tac -toe, and can be

piayed. etther as a clase activity or by palrs or small groups = -

of chﬂdren ‘Some extra gr1d sheets are provided at the back
of the student manuals so that children can play duung their”
free tlme‘ . - ‘ ] o

_PROCEDURE - . - ,

Draw a 10 by 10 grid on the chalkboard and number the axe_e',.
vaide:th'e class into two teams, the O's-and the X's
- . a? ’ T . ' :

Th‘e teams take turns calling out theé addresses of grid inter-

tions by giving the ordered pairs. As each interséction is_
called it is marked. with an X or an O, according to the team.
hat called it, - No intersection may be called tW1ce. .
The obJectlve of the game is for one team to capture any four -
adjacent points that lie in a stralght line, efther horizontally ,.
vertlcally, or diagonally. The teams should choosea inter-
sections with two con51deratlons. in mmd ~ to gain control

. of a lme of pomts ahd to block the: other team,

N N .

Frll in a demonstratlon game as you explaln the game to the'

class.

Allow the teams to consult for.each turn until they are

familiar with the rules. Then you can make the game more *
challengirg by making the rules stricter. For examble con-

_sultation or calling an address out of turn might lose the’ team
its turh. ’ o

-
< »

Bé sure that the child who marks the*grid uses the first number
in the address to go along the "over" axis and the second -

_number to gb along the "up" axis. The chllclren will qulckly

learn that a turn is "wasted if the address is called out in the
wrong ordcr, because the wrong point is captured._ )

e
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SECTION 5 VOLUME AND WEIGHT| o .
PURPOSE - I ’ )

— To review and extend the concepts of welfc‘;ht apd volume a
. and the measurement of, these two properties.,
— To reinfqrce. the concept of conservation of weight and
volume despite change .in shape of'an object.

= To help children develop an intuitive 1dea of the relatlon
. between welght and volume. -

— To have the ::mldrlen gather data and recoid it by means
. of graphs, and to have them interpret graphs.

—-*To glve\gractlce in extendlng a table of me surements from
data alr ady known, oo . L L

»

COMMENTARY - “ ) e

f ' ' B ' S ‘.
This Section 1s mtended to review and enlarge the\ hlldren s,

"* understand1ng of welght volime, function and measurement,
Graphs are used by the students as tools for analyzing the
_relations between two kinds of measurements. Thus function
is the.major subject of the section, with the welght volume
relation as the wvéhicle., = . ) « -

’ - S
- N ¢
* L

In Lesson 20 the childreri‘compare the capacities of co'ntaainers
of different sizes, - To do this they have to make some simple
computations, using repeated addition or mulupllcatlon (A few
children may also use-,subtrac‘tion.) : ‘

. In Lesson -2 14 the children re1nforce or red1scover a concept. that

was mtmduced in earlier’ un1ts -- that chang1ng the shape of an, 4

object ‘does not change its voliime or weight, The procedure is
" to have the. chrldrer change balls of clay into various shapes
’ (w1thout adding or removing any ¢lay) and then drop them, one
at a time, into a container of water, -The. children arrive at_the
) conclus1on that no matter how they change the shape of the élay
. its volume remains the same, because they note that each time

- the water in the container rises to the same level, That change . ‘

of shape does not' affect weight is checked by weighing each
. changed shape of the clay. 3 , ,

5
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Lessons 22 and 23 give the children the opportumty to gather
volume and weight.data about soime lead sinkers and to plot " .

+ . this data in Lesson 24. In LeSson 25 the children find the . . ~
weight and volume of clay .objects of different sizes. In Les- ‘
son 26 the children use their water d1sp1acement and we1gh1ng
“techmques to- find out w.hether an "unknown" obJect containg: - : .

o, mor«el\ea\d or.more clay, = S e S \\ .

Lesson 27, though primarily-a réview and evaluation lesson,
does give an early 1ntroduct1§%nd ractice in , .the kinds
of graphing lessons the ch11dren will have~1n late%;tss\. In e
this lesson the children are fequired to interpret graphs;~and- . M
from the ease or difficulty they have in'trying to do thlS you\\ .
can estimate how much understandmg of graphs they havé - - \
_acquired by that time.. .Because thé children will be given
much more work with making &nd interpreting graphs-in the.
future, do not be discouraged- if only a few students seemto - -

have mastered the 1deas. ‘ C a . .
. 7 L i -

%
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. Lesson 20: MEASURING THE VOLUME QF FIVE BOXES - .

- . The children construct paper boxes of as sorted sizes and - .
' shapes, and find the volume of'each as measured in-Minne- -
bar units. They may use any method they choose for finding

the volume ~- countmg, matchlng, addmg, multiplying,

. or sy combination of these methods The children will se€ .
that there are many ways to find the answer toa problem.
Problems involving numbers larger than those w1th which the

L . ) children have.previously worked are introduced, but it is not.

. e:\pected that they complete all the computations 1ndependently.

A ) Rather, they should see that. they can describe procedures even i

whén they cannot carry them out.. "

AS ba) o~

MATERIALS . , ¢ .

2

\ - Worksheets 27 28, 29 and 30 o B ‘
v ~ g \cellophane tape ’ ) ) .. -
O - = I\w ye'low crayon for each chila , A *

. . —

13

=y nd

set of Mlnnebars\for each child . : .
\ -¥ , ',’,

R -';PREP‘ARATION

.

Cut out and assemble the wheel base and two wagon bodies

addition slide rules e "

from your copy of Worksheet 27, using as a1ds the diagrams

on Worksheet 28,

Y

- This will enable you to anticipate apy dif- |

ficulties the children may have when they assemble theirs, *

‘e

T SR —

PROCEDURE ] _
¢ N [ * &
IR Act1v1ty A . . . )
~ o - Use the story situation that begms on page 109 to 1ntroduce
»  the problems of this.lesson, -
e e D S S
% o ¢ '
: A - ‘!’ )
: 136 S
A » 1
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Worksheet 27
- Unit 19

-

_.Mike's wagon body

*

“Wheel support

I R ——

sWheel support °

— i e it

»

-
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Mlke was all excxted because he had been ngen a brxght red

{ i)
wagon for hlS birthday." It-was not so. big as h1s friend Tom's .o )

yellow wagon, but it was much shinier, and its wheels didn't -
squeak. On Saturday morning Mike could hardly wait to finish

eatincj hi's breakfast so that he COuld go oyt and use his’wagon:;

. Tell the children they are now gomg to build small paper re- -
presentations of Mike's and Tom's wagons from Worksheet
27. The childréncar use Worksheet 28 for reference but

. §ive the followxng oral instructions also: :

. "Cut out wagon bodies, wheel base and wheel supports.
.Cut along.heavy black lines only -~ dotted lines.are for
SR folds.

. 2, .Color Mike's wagon red ‘and Tom's yellow.

3.. Assemble bodxes by foldirg” along dotted lines and pastxng
flaps at each corner.

4, Fold' wheel supports on dotted lmes .
X . ) ’
*5. TFold wheels down'along the dotted hnes ‘ ot -
6. Attach wheel supports between the wheéls uslng tape. ,
7. Attach wheeéls to supports using tape. ‘. PE
. . r N
Actiyity B e ) : - ) T VRt

TN ——

Mike's father said to hxm, "Mxke T"have-a_job for you to do,

and I think you wxll en]oy it. But 1fI had asked you to do 1t ast\

-week I don' t th1nk you would have lrked it at all. Can- you guess l ) »
what it is?" ‘ ' , - “ . |

R M .
. . .

‘Mike couldn't guess. His mind was really'on his red wagon,

ot on Dad's riddles . So-he looked at his. father's face for,a hint,
and he saw that-his father was looking ocut of the kitchen w1ndow

He looked too, and hg saw the b1g p11e of wootfi;blooks that was

' in the’ back yard "I know' " he sa1d . "It's the hlocks! Do you

RV N —aw

want me to move them in my'red wagon? " \

: 119 ‘
. 1_!_ .

ST e 09 g
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"You guessed it," Dad said v Mr. IohnSon is gozng to use

them to build a playhouse for his grandsOn Would you cart them

: . over to his yard this morning? "\ e e : . .<-'
e ‘. o "I sure Willl" ’\/like said.. "I wonder how many. trips l-w;ill have
"~ to make. S L - ~ ’

A . Mike and hlS father went out into the yard to figure lt out. Mike ‘
i \\j T A. . 'filled ‘his wagon With blocks. He put one layer into the wagorr, and -
c then he piled a second layer on top of it, -But when he started to pull
" the wagon,- he found that the second layer slid off because.it was ‘
above the sides. of the wagon. »So he knew that he could carry Just

_ - one layer of blocks at & time. .

LY

Es

' *~ Remind the class that their red wagons and their Minnebars are -

. o scaled :down representations of R/hke 'S wagon and blocks Have -
o s them load each-red wagon with-a layer of Minnebars.” Ask'a . /
i “ - child . how many units of Minnebars there are (18), and have .
’ R him tell the class how. he’ found. out. (He may have counted all

»
¥y
~

the bars, he may have counted ‘the rows and columns and’ com—
“ : puted by repeated addition.or by multiplication.l Ask ‘other -
R SN ' " . children to tell how else one could find out how many units the -
o : wagon holds until all the above possibilities are mentioned o
- .. . As the answers are provided write them on the board. S

i . R

.....- v o . . - 'i_“u. - ) 6 O‘r _3)(6=18 ) o,
' S ¥l : +6 - . '

P
-

- A : .
s h—

‘ " . DO YOU REMEMBER WHAT VOLUME 1S? '(The number of
units a container can hold.) , | T o .o

THEN WHAT IS THE VOLUME OF THE RED WAGON? (I8 _ | AN
e \ . Minnebar units.) - / ’




3 . _ A ’ Mike knew how many block s hlS wagon Would hold but he

' still didn't know how many trips he would have to make' The blocks .
in the back yard, were not 1n a neat array so he could not count the = |
He decided that he would

) ]ust keep making one trip after another until e finished. It did look '
And he'began to think .

number of roWs and columns and layers.

as if he would make a great number of trips

how he would like to coast ‘down the hill 1n his red wa}gon. So he

ey

was very happy when his friend Tom came along with his. yellow wagon.

"I.et me help you,“ Tom said "My wagon holds a. lot more than

Then we can go coasting together. ",

Lol

yours, and we'will\get'done faster,

.

~
~

YHow much does your wagon hold? " Mike asked~
. . & ""' * R . ‘e . . e \ . - .=
Have the children fill their yellow wagons with Minnebars and | .
find the volume._ They may cdunt, add or multiply' As eaoh

4

Remind the children that they learned how to multiply by taking

repeated Jjumps on the number line,

such as 3 X 2.

Review a Simple problem,

b

Have them turn to Worksheet 29.

tion slide rule units.

-

o

»

Along the edge ‘they Will fi nd .
a number line showing- 18 units of the same,_size as their addi-—_. .
.They can. cut this strip pff the worksheet

and use it for doing repeated addition or. md‘ltiplication of |8 on ’

“ - method is described,-write it on the board ' Py
- . L T, .. o
| - 3>.<'6-='|8'\ -, orax18=36
. 18 .
* ,'. . « j-—-l_.g
, . : > 36 .
' ~ — ofr 2x3x6=36""
N - vy 3 }s 6‘_-—_ |8 . ’ > . L - _:
. * : v : ; ‘ X ) . ..“'a";




theif additzon slide rules, since t‘qe shde n%provzde only

for adding 10 or less and it: would be very tedious to.count

18 units ower and over-again, Encouradge the children to use

the addition slide rule whénever they think it w111 help them
* in the followmg activities,

. . =

HOW MANY BLOGKS MORE DOES TOM'S WAF‘QN HOLD .
THAN MIKE'S?, (18.) .

\ 3

E

_HOW, DID YOU FIND OUT? » - o '

‘l

There are a number of observations that may be made about,
the diffeérence in volume of the two wagons. éome children

. may-simplyssuggest that-the volume of one be’ subtracted

' from the volume of, the oth . You ifay'wste 36-18 = I8 on
the board, but do not e ect the chlldren to be able to do the
QQmpu,;atlon mdependenﬁy '_ . . LY A,

om0
. 8 P .
v N M .r'
PRI Y

Some may observe that one wagon holds twrce as much as the .
tother, and that therefore if one holds. I8 the other \gﬂl hold ,
~. . !8more. M - b - e L ‘

B
e

Some may suggest matchmg a anebar unit from Tom S, wagon
with each unit from Mike's wagon, and then counting the units
.- -that are 'still left in Tom S. wagon

. 5 ' . N
N ~ ’

'l‘he next problem the boys thought about was. how many bIocks ‘

. K] . . . '1.

they had hauled altogether They had tumbled each wagon'load out,

SO, mstead of neat stacks that would be easy to l:ount they hadya big

' heap. They decided to figure out how many bloc&s there were in Mr

w

™~

\]ohnson s yard by the number of tnps that had been made

" . . describe the total number of blocks.

Mlke had
made three trips by himself, and then he and Tonﬁ had made one tr1p

together, Howtmany blocks had tney carried? - ' . .
First lead the class to add up the total number of trips each
made, (4 for Mlke, I. for Tom. ) Encourage combutation by
way of 1ayerSJ-- that.is, 4’ layers for Mike, +2 for Tom, Write
on the board all the equations the children suggest that mrgh‘t

Encourage them to devise

a'variety of equations., including those they are unaple to

. ‘solve. Some are hsted below- . .

-~ . . .

L

ke

:

7 . . . * 3 %, LI

-




: RN _"‘ - "-" ’18+'18+l8+l8+l8+l8 I08'“-‘ . 1
L Ty &' 'sxlw:ms ' . ? -
‘. . ’ “ zlxl8=.72_,.2x\‘"8 ='3~E; 72+36=108 s '

., A, - o ’ _The boy."s made one.more‘trlp and dlscovered that the rest of -. e

-

the blocks just fllled the two wagons. WHAT WAS THE COMBINED

. . »
‘ VOLUME OF THEWAGONS° (I8+36-54 or3x I8-54 Or ‘
. |e+|a+|8—54) U et
. ' ' I‘he boys calculated that they had hauled I08 blocks before, . :
P o and then 54 on’ the last trlp, or a, total of IBZ blocks. Thzs sounded

llke a great deal to Qhem because they knew how b1g the blocks were,

A"' . . ‘ e

-

.ot - and how hard they had worked They were all set to brag about the1r L
& S ~.; work to the other boys they wquld w.eet when they went coastmg onf )
SR ‘Q' T the hill.-, "“But wait & mmute, " Mike said, " we tell them we hauled

*'- =l _‘: 162 Jolocks they gn.ght think we mea'n those littl® blocks we used to,

:~‘. \ T - "¢ play with 1n‘ka.ndergarten. . We have to remember to tell our friends

' that the blocks we hauled were great,,blg heavy hunks of wood "

e . . R

"nght' " Tom agreed and t°he two boys were just leav1ng the .

’aa J ' o "Iohnsons yard when Mrs. ]‘ohnson came out to thank them. ?

T _‘ . o s "You must.‘be pretty hungxly aftEr hauhng all those blg blocks, -
she said.  "I'd better gwe yo\u some; cookles. " S6 she did, and the

'

o . - boys ate them, and then they spent the rest of the morning coastlng

down the hlll m the1r wagons and- telhng the other boys abbut the
work«they Had done T e f. ’

e < .
RO L. ; . . : . .

. Act1vrfy.C . X v ot . Coal ' ot
. N . s .o A * : ‘
WLt ’ . t )

. ; Worksheet‘ 29 glvies sonig additional w01k‘w1th-VOlume Jdn e o
Ty T . ‘ preparation -for thig, have the childrén assemble the boxos on e
RS Worksheet 30." These represent other Shildfen's swagons. ‘They ° Y

_ ek .~ T . argcalled boxes C,. D and £.. Mike's wagon body is called - ‘
S . . box A and Tom s lS box B, for the purposes of. Worksheet 29, "

., F"t‘*" o - . o (-3 VI . . - . '
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At the bottom of the worksheet fs a. number line marked off
by I8 s -- an 18 scale. . This is to be used in class discus-
. sion. Ask the ‘childreh to stvdy 1t and answer your questions.
/ ) -
! LOOK FROM 0 TO THE FIRST NUMBER ON THE NUMBER
LINE. YOU CAN TELL FROM THIS THAT EACH UNIT REPRE-

SENTS 18, .
WHAT DOES THE INTERVAL FROM 0 TO 36 SHOW‘?
(184 18.). a v

HOW MANY 18'S ARE SHOWN IN THE INTERVAL FROM 0
TO 36? (2.)

 HOW MUCH IS 36+187 (54.)

bl

.

Have the children find the combmed volume of boxes A and B,.

B and E, and A ard E, using “he 18- scale.

] k3 *
¥
.- X Lo — »
- . RN X -
- Worksheet 29 Yo R =
. Unit 19 Name '
b
~ block units ' o
. = PR
- ‘ Volune A /Y t
of : : & —_
\ Boxes Bl JH- N
\ . 1 a—
. nic| 24 '
- + O e
k.o o | . |
390 .
36 H
i/ 1 @* —
'
10—
= - é i .
L.{G-...b.. .GxG—k} . \ 5;
» 3 [
. 2x6= 13 7x6= Y2 -
N \
3x6=i axgiéﬂ : N —
ae - ]
o ¢ , 4x6=-_z_¢ 9x6=\5.ﬁ 1o t
. : b |
§x6=30 10x6= 60 1 &
—_— 1
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\ ' Lesson 21: CONSERVING WEIGHT AND VOLUME . “ )
’ L4 * . i,
\ In this lesson, the children experiment with balls of clay to

\ ) fmd whether changing the1r shape will- affect their weight or

n volume. This is an example of the use of measurement to
\ verify and make reasonable a general principle, that of con-
servation of weight and voldme. The displacement of water )
‘ by an object will be one'of the methods used to. study volume,
In both act1V1t1es the children W1ll use the balances they
constructéd ir Unit 16, ) . =

! . S~

. \ . MATERIALS

~

— beam balance or rubber band scale fromlUnit 16 . P
— paper cups :

— #1 paper clips ’

~ «

— oil-base modeling clay

-- for each pa1r of children --

0

- 2 plastlc containers (8 0z, size)

v

— water’

— a: matched palr of clay balls about the size of walnuts
- 2 strmgs about 8" long '

= 2 rukber pands ° o

Before the.lesson, prepare a small ball of soft modeling clay

| for each child. 'The balls should be divided into matched ‘
pairs in which the two balls are of equal volume, Usé€ a plas- B N
tic container of waterto make the pairs.” Insert a string intb

ach ball. Submerge the first ball, mark the water level in

he Eontainer with a rubber band, and then put enough clay in

he second ball to' make the wader rise lo thHe same level

t

, . | DOES THE WEIGHT OF THIS BALL O‘F CLAY CHANGE WHEN"

Nl . B “1?«\
. . . X8
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IT IS MOLDED INTO A DIFFERENT SHAPE? .

As you ask the question, change the shape of the clay ball a
. " number of times, endmg up with a doughnut shape. Then ask *.
" the class to suggest and discuss experiments that could be >
. performed to test whether the clay ball changes ite weight s
when the shape i's changed., (Two weighings-will be neces-,
- " sary to illustrate that the weight 1s the same before and after P
_ the shape is changed )’

L e

4

[ . Have several groups of children.-weigh a clay ball on the s g

\ beam balance .and record the we1ght on the chdlkboard. .FThen * . ;
have them change the shape 6f the ball weigh the new shape,

. and record the results beside the px;e“lous we1ght ¢ S

: . . WHAT SYMBOLSHOUZLD GO BETWEEN THE TWO WEIGHTS
. C - , <, or=>? (.’-:) . . A
K Discuss these results with, the ¢lass and help the children
generalize ah answer to the original question. (Changing
5 ) the shape of the ball does not change the weight.)

. © Activity B ' ) ~ : - )

In this aectivity thé children again experiment with clay balls,
£, S v this time. to deter,mme how the volume is affected when the
?ﬁfe shape of the clay is ¢hanged, Start the activity w1th some %
” questions about volume, .

WHAT IS VOLUME? (The space something occupies,)
Y . ’ . N 2
If theechildren are thinking about the*wagons in the last les-
soralﬁand offer a definition xnvolvmg how much an obJect con-
taihs, ask about thé volume of a solid object.

g IF WE CHANGE THE SHAPE .OFVAN OBJECT, DOES ITS
' VOLUME CHANGE? oo d

IS

.HOW CAN WE FIND OUT"

DO YOU REMEMBER HOW WE CAN DECIDE IF TWO OB-
IECTS HAVE THE SAME VOLUME"

" Discuss the problem with the chlldren.' They rﬁay remember
. the procedute they used in Unit 5, Introducing Measurement,

« ‘ - 5
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or Unit-l2, Measurement With Reference. Units, that is, mea= *
suring and comparing the displacement by two obJects The
test might bé made in water, sand, cork stoppers or popcorn. .
If the children do not remember these procedures explam

them and rev1ew the mean1ng of d1splacement

Dlvrde the class jnto pairs. G1ve each pair two plast1c cups, .
four rubber bands, and two. balls of .clay of about the same
volume, "One child in each group should fill -the Cups approx-
imately two-thirds. full with water, and place them side by

side to be sure'that the water levels are the same, The chil-
dren can put a rubber band around each cup to mark the water
level,
clay, lower it into one of the containers and mark the new

water level with a second rubber band.- The two contdiners T
can be compared again. to see if thé new levels are the same --

if the' ¢ drsplacements are the same,

¢ -
IR,

Now each child sho,uld remove the clay from the water, alter e =t

its shape and return it to the: water. He should notice :
whether the water returns to the same level, indicating that ‘ .
the water d1sp1acementy1s the same as before. THhis can be

repeated for several shapes of the clay. Each time the two

children can also compare their resulting -water levels.

-

- Displacement Level

~~ Water Level at Start

»

Then each child should insert a strrng in his ball.of ~ .




’

Have the éla_ss discuss their findings and develop a gencral
statement about volume. . ./

« S
4 ,

o ) WHAT HAPPENED TO THE WATER -LEVEBL WHEN ONE PART-
. NER CHANGED THE SHAPE OF HIS CLAY? -(The water
.- . . level was still the same as his partner's.) ‘
S WHAT HAPPENED WHEN THE OTHER PARTNER GHANGED .". . _
s ! " THE SHAPE OF HIS CLAY? (The water level did not ‘
‘ change.) . . S 5
WHAT DOES THIS SHOW US ABOUT THE SHAPE OF A e
SOLID OBJECT AND ITS VOLUME? (Changing the shape. - ~
does net change the volume.) ' . ;o

PR N ' o
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® '~ Lesson'22: MEASURING ’I‘“HE.VQI;UME OF LEAD SINKERS

*

, -
i In Lesson |5 the ch11dren had practlce in méasuring water
dlsplaced by marbles, and they did some simple recording of
the results, In this lessoh they measure the water displaced
by one lead sinker-and from this they compute hoew much water
would be displaced by any number (up to ten) of such sinkers.
» Since the water level rises about three millimeter$ for one )
. * sinker, the children are gulded to count by threes to develop . -
o . a repeated addition or multiplication chart in the lefthahd '
‘column of Table 2 of Worksheet 31, To this volume data, the
Children will add weight data concerning the lead sinkers in.
the next lesson filling in at that time the righthand column
. - of Table 2 of Worksheet 3|, Data from these two lassons.
will result in a set of ordered pairs that the ch11dren will
plot in Lesson 24,
. s,
Activity A is a review of centimeter and m1111meter reading;- ...
. . and your class may not need it.
& - . -
¥ . * MATERIALS - !
' " -~ for'each child --
— Worksheet 31
— | lead sinker .
— piece of s‘qring about [0" long . ;\\

- cyllnder with centimeter tape attached to side (used in
v Lessons |5 and 16)

-~ for each group of four --
— container of water
— medicine dropper

= baper towels o o 2
-  PROCEDURE ‘ . . o

Activity A

[ ‘ ) ' h ) ) : LY
e s . " Distribute a scaled plastic cylinder to each child. Ask the

children to study the scale. Discuss their observations.

‘Then ask them to hold the cylinder on-its side so that the

A

g . “

. I R 130 - ‘ 121

. . . N o
- .
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Activity B ~ ' T .

R

»

ar/md two, between five and six, etc.

,tmn. Ask if the number line’is different now. When they

" the. unmarked lines up to one. By the time'they. reach one on )

tap,e looks l1ke a number line. Discuss the numbered marks
and ask the children how many marks there are between,one

-

Now have the children turn their cyhnders to a vertical posi-
agree that only the position has changed, have them count

the tape, they will have counted to ten, Remmd them that .
the one, stands>for one centimeter, and that each unnumbered
mark is & millimetér. . ’
THE MARK LABELED | IS EQUALTO |0 MILLIMETERS.

HOW MANY MILLIMETERS IS THE 2 MARK EQUAL TO? (20.)

You may wish to continue the counting to reinforce this 1dea. .
if so, draw. a large millimeter stale on the chalkboard and -
have the children practice read1ryg such points as 44 mm,

32. mm, etc. Tell the ch1ldren ';/hat "millimeter" is often
wr1tten “mm.," /.
Seé that each child has a lead sinker, a piece of string, and )
a scaled cylinder. Provide each group of four children with

a container of water, a medicine dropper and paper towels.

Let the children-examine the lead sinkets, then hold one up.

CAN ANYONE TELL ME WHAT THIS IS? WHAT KIND OF
METAL IS IT? WHAT IS IT USED FOR"

®

Explain, xf necessary, that the obJect 1setnade of lead rthat . .
fishermen use lead weights such as this to make their lines ) e
sink mto the water, and that therefore ‘they‘r are called "sink-

ers." (Sinkers provided by MINNEMAST are:large -~ they

weigh one ounce each. Such smkers .are used only on lines,

‘intended to catch very big fish, so the children may never u

have seen.any -of this size. )

Ask the children to tie a string to each of the sinkers. Then

have them fill their cylinders to, the 40-millimeter mark with

water and gently lower their sinkers into the water. Then’

ask the class: '




14

.sk

N
>

HOW CAN WE FIGURE OUT HOW MUCH WAIER WAS DIS—
PLACED BY EACH OF YOUR SINKERS? (By counting up- .
from f.he 40—~ m1111meter mark.) Co

HOW MANY MILLIMETERS DID THE WATER LEVEL RISE'?
(It rose about 3 millimeters.) )

- N . ¥

Refer to the clay. kall activity in Lesson ‘2I and ask:

WHAT PROPER'IY OF THE SINKER ARE WE MEASURING
WHEN WE FIND THE WATER DISPLACEMENT" (The
volume of the sm}\era)

Have the childnen turn to Workshe\et 31 and look, at tke first

‘row of boxes in Table 1. Explain that each child is to mea-
: sure ‘the volume of his sinker four times and enter each mea-

surement in the bo,\es below "Trial | ~Tr1al 2," ete.,

" Discuss the results, All should be similar -- "about 3 mm."

ff some children do not get results that can be described as
"about:3 mm," ask them to discard their welghts and borrow

others. (You want the class : — :
. to agree on-his non-frac- " | orksheot a1 Name 1
tional measuremeént;for the Untt 19 ‘ B
~ computations they will now o Table 1
) be rh\aking._) . Trial 1 Trial 2 . Triat3 ' Trial 4. °
. . g;:{:?a:g;l "3 o WG rm . | 33 om l?_mm
Call attention to the first * | oo e e | v | e
column of Table 2 of Work- S o | Tem | Tew | Rhe ]
sheet 31, R . b . Table 2 '
? { AN . N " - -
- IN THIS LESSON WE ARE Cinets | rive st | Vel messured o .
GOING.TO FILL'W ALL ' t 3 ‘
THE BLANKS FOR VQLUME 2 6
~ SHOWING HOW MA ; 7
\ "MILLIMETERS ONE SIN *
- _ MADE THE WATER RISE, ‘ 2
: HOW MANY WE THINK . 5 15 )
; . TWO SINKERS WILL MAKE- \ . s | 8
» IT RISE, AND SO ON. 7 2/
: - HOW CAN WE DO THAT T |~ Z4
. WITHOUTDOING ANY . \9‘ 27
MORE EXPERIMENTING :
¥ 3 ' . l& 30

132
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. WITH THE.SINKERS AND THE WATER? .
) . ‘ S /:‘ .. ' . " N . . . N
St Children may use any method of calculating they wish, They . A S
- ' may count, add by threes, or multiply by threes. The result
should be a worksheet like that shown on page 123. . . "
. . Tl e ‘)“b s ) : - {a
. When the volume table is finished, have a few children check e
v , some of their answers with actual experiments =~ by adding -
! v pt . Y L] i . .
two sinkers, three sinkers, etc, to their scaled cylinders-of ) .
water. : " N " :
2 )
. * ' 1 - \ . -
v o2 A .
: ) Save these worksheets for use in‘Lessons 23, 24 and 25, N
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, ‘ / Lesson 23: MEASURING THE WEIGHT OF LEAD SINKERS . R ’
.. Inthis lessén the_c}{ildr_en use the beam balance to firid the -
‘ . " weight of a lead: sinker in paper cup units. After several - -

trials, they find that the weight of each sinker is about the .
. o ~  same as the weight of five paper cups. They then calculate .
' ‘“ : by fives to figure out how much two to ten sinkers would™ . e
weigh in paper cup umts and enter these figures'in Table. 2
of Worksheet 31, S .
. MATERIALS '
) . . . a
L N ‘-="for each child -= . ‘
- Worksheet 31 from Lesson 22 . - Lo
” -1 lead sinker - N -
, ' . -~ == for each group”of fgur -= '
. S - beam balance from Unit 16 v L . ‘
® .e — 20 paper. cups o . ' . Lo
> i . o - T - | ¢
‘ PROCEDURE - e
. Give{each‘chil'c'l a'lead . N
sinker and éach groupa - Worksheot 31 Name _ :
beam balance and twenty o ' , 1o
paper cups. Explair:to the . §r . Tplet. x )
children that each one is to | e ;“' L ?é“' L L N
. weigh his lead sinker four by | " S i i .
times, using the beam bal- el IR Sl B N I ol IS
)y o ance with paper cups as _ - ~
, T units of weight, and then, - L . Table 2
' enter the I:e sults for each . Nuvter of VoluneAmenured tnomm | Welght reaa\‘nodhln .
] trial in the s‘ecqnd r_Ow Of Sirkrrs. usco!wauer love: Nl‘:‘;\mun’u; . - 1
.. _boxes tn'Table 1 of Work- . ! —t . .
- * sheet 31, L. 2 o ! o .- N
. ) ENESE N 5 . v
A ) ‘ Have a class discussipn ofe PR I . 20" ¢ .
~ . ' the results. The children T Ax .
' : - a8 . 15 A5 .
. should observe. that each . |- T 30 '
" sinker weighs about the: | — 2%
" same as five paper cups., " | . LI O { 3
.4 o o8 24 4o
R Using five paper cups as - - e 27. C 45
N S the accepted weight for one 10~ 30° 50
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weights of two to ten sinkers, and fill in these weights in the
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Lesson 24: PLOTTING VOLUME AND WEIGHT DATA' S .
. ’ ' : 7’ o P
T . ‘.

‘The ch1ldren plot data from Worksheet°3l on Worksheet 32 . i
When they have done this,.they have straight l1ne-graphs “ .
showing the relat1on between. the volume and welght of the

lead smkers USed 1n the prev1ous lessons.,: .
* ! * . 1 R 4 -
. MATERIALS =~ -~ o ' L ke . C g
s 4 ~ r(. ] o, Y . > N - " . .‘ ' Q N .:Ej .
— Worksheets 31.ahd 32 : T e ;
. .. ) ’ ) a . t A . {?o, ' . v '{_ =,
PROCEDURE . .= . d i - R B .
1\ . . . . L4 . « . . . . ’ - N
Have the children tuin to Workshkeet32. Point, to the numer- N S

"als on'the left side of the graph paper and explam that these.-
numerals on the ™ 'up* axis represent the weight of fhe sinkers
in paper cup units. 'l‘hen explain the numerals across ‘the.

- bottom of the graph --'on the “over' axis ., “These numerals

represéent water dlsplacement in terms of water level rise - c.oe L .,
shown in m1lhmeter units , and therefore indicate volume of. £
- -
the sinkers. ) - co ' : \ ©l .
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" Tell-the, chlldren ta turn to Worksheet 31-and look at thenu- 7. ‘

_ merals in Table 2. Point out that there.are two numerals that

" go togethet for-each numf)'ér of smkers. The displacemerit g % ‘
numerakin the first column and the weight numeral if the i 3
second columh are ag ordered pair. Formone sirker, AT order- ’
ed pan‘ is (3, 5 The 3 means the sinker made- the water ‘
level rise” 3 mm units; the” 5 means the 'sinker weighed, 5 )

paper cup units, - \ o a - T -

Show the chlldren dow to plot an drdered pau' For a dis-
. blacement of 3 mm (the irst numeral of the orcLered pair) o
“the children move on th f’\over axis to the- numeral *3 . For¢ ' *
the weight of § units {the -$econd numeral of the ordered,
pair)e they move up to 5 on the "up" axis. Thén they trace

along both gnd lings to find-thentersection, and mark that

e
-,
~ b

I-'Iave the chlldren plot five of the ordered pairs from Table 2 o

e

. of Worlss heet 31. Then ask them to draw line segments from

one mark-to the next., If there were no errors, the chlldren
should each have a s,ralght~hne graph. .

W
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Lesson 25: ,V.,OLUME ;’XND‘W,EIGH'I MEASUREM%NTS —-'-CLAY VS ««LEAD

\

In this lesson the ch1ldren measuJare and graph the we1ght and
-volume o6f clay obJects ‘of different sizes, Then they receive
some practice in interpreting tHe graph, so that they can be-
gin to understand that it shows the relation between the vol-
' ume and the weight of any. piece of clay within the range of
- the graph. They also learn that if they know the volumeé of &
’ piece of clay, chey can f1nd out the Welﬂht from the graph
and vice versa, ® . .

~ .t N - IS
~ v
L]

.

In the last activity of the lesson the chlldfen add to the same

. gr1d a.graph of the volume and weight of various numbers of
lead sinkers. The result is that the completed worksheet *
shows two graphs with very dlfferent slopes.. Because the

, "up' ' axib shows we1ght measurements and because lead is
much heavier (voltume for volume) than clay, the slope for the
-lead s\ml&ers is very steep. It rises sharply from 0 to 25
on thé "up" axis, while extending only.from 0 to IS alo
the “over" axis’. The graph, for the clay shows a much
gradual slope, xtendmg on.y. from 0 to

DY
’

vd
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MATERIALS

.= 5 piecés of string about 10" long

By having the children practice selecting a volume measure-

_ment along the "over" axis and thenNcomparmg the welghts of

both the clay and the lead sinkers, for that volume, we hope

the children will understand'what a comparison of the two

graphs shows: that for a giveén volume lead is much heavier

than cl‘ay. However, do not worry if your class is not parti-

cularly a.dept at interpreting the graphs, as later units w111 -
give much more practice in graph’ interpretation. In any

case, the concept that a specified volume of lead is much ]
heavier than: the ‘same volume of clay should be verified at -
the conclusion of the lesson in a less abstract way =- by
filling one container with clay and another of the same size,

with lead sinkers and letting the children cempare the two by

heftlng. ‘ R . L

>4 -

-- for each child -=,

— Worksheet 31 (saved from Lesson 23) and new Worksheets |
33 and 34 ° ) ' VA

- <~-"for.edch group of five =-
= tray ’
— | stick of oil base clay ‘ ~

+ | craft stick for cutting clay

- .S pieces of masking tépe-for labeling strinés \ ' . '
= 5 cylinders with millimeter tape attached

d

— container of water ) ) N

— medicine dfoppe;' : ) s
~— paper-towels '

~ 2 beam balancés

— 20 paper Cups. .
‘ - for the class --

i
— | soufflé cup filled with clay (Activity D) |

= | soufflé cup filled with lead sinkers (Activity. D)

Co- 139
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PREPARATION’ : ' : .

Assemble the materials specified above for each group. Draw
a large 40 x 40 grid on the chalkboard. Mark the "over" axis
"Volume" afid the "up" axis "Weight."
PROCEDURE - T , T
Activity A ey -
Divide the class into groups of five and have each group pick
up a tray of materials, two beam balances and twenty paper
cups. Have the children turn to Worksheet 33 and ask the
“members of éach group to list there t%f&venames in the
g"roup. Then explain that the first child listed in each group
. will use'the beam balance to make a ball of clay as close to
the weight of 2 paper. cups as he can. The next child on the
list will make & bal\ of clay equal in weight.to 4 paper cups;
the third a ball equal to the weight of 6 paper cups; the next
a ball equal to 8 paper cups; and the fifth ¢hild a ball equal * . .
in weight to L0 paper cups. Ask all the children to write :
“these welght umts in order in the thin d column of the work- |
sheet.: Then explain that when a chllé\makes a clay ball of
the correct weight, he is to put a strmg in it.and measure - B
its volume in a scaled c¢ylinder filled to th 40 m1111meter

mark with water.

L A

. . .

Give the children-a demonstration of what they are to do. Put
two paper cups, in oné of the containers of a beam balance,
then keep adding ‘bits of clay to.the.other container until you
have achieved as fine a balance as possible. Next make a
cylindrical shape of all the bits of clay in the balance in-
serting a string at the same time. Label the .string with mask-
ing tape marked 2" to show the weight. Next fill a scaled
cylinder to the 40- m1111meter mark with water, lower the‘\clay
cylindér into it, and have a child count the number of milli-
meters it rose. Mention that when the children reach this

' point, they will enter thlS measurement in column 2 of the L
worksheet : . ) :

]

)
-

Now ask'the chlldren in each group to make their measure-
ments of the volume of clay cylinders equal in weight to 2, 4,
6, 8 and 10 pa