123 Primary

Classification/Volume Investigatioof 5

Marshmallows

vs. Containers

Teacher Lab
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Overview

This exercise focuses on one of the classi
experiments of Piaget, the Swiss epistemologis

the conservation of volume. Piaget used thre

Discussion

These results of Piaget have been confirmed many
times over, and in some tests that we ran, children
who were a good deal older still confused height
with volume, saying that container 2 held the most
water and container 3 the least. Clearly then, we
should work on this conceptual difficulty in the
firstand second grades (when children are 6 and 7)
and help the children “see” conservation of volume
as Piaget’s 3rd graders did.

This particular version of Piaget’'s experiment was
developed by one of our TIMS teachers, Mrs. Judy
Rader, when she was a 2nd grade teacher at the
Gladstone School in Chicago. Instead of water,
whichis hard to use, she used small marshmallows.
She carefully cut three different cups so that the
tallest did NOT have the biggest volume. The
children then poured marshmallows into each cup
ldntil the cups were full and then proceeded to
gount and record the number of marshmallows in
gach container.

different containers. For our purpose, let's call_,
them container 1, container 2, and container 3 d2icture, Data Table, and Graph

shown in Figure 1. Water from container 1 wag oyjse’s picture is shown in Figure 2. She and her

the wider container 3. Piaget found that 4 to 6 year

olds thought that container 2 contained more watg
than container 1 (and container 3 less), because,
Piaget noted:

...the water in B] is higher than it was in [A];
therefore it increased in quantity, regardless of the
fact that it is the same water that has merely been
poured from one container to another.”

However, by the age of 7 or 8, Piaget found thai Manipulated Voria ble : Confriner

...the child says: “It is the same water,” “It has only
been poured,” “Nothing has been taken away or
added,™You can put the water in 2] back into A
where it was before,” “The water is higher but the
glass is narrower, so it is the same amount.”

eI'Figure 2
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cups are numbered 1, 2, and 3, and Mrs. Raderist

standing in the background keeping an eyel?%’rf

things. InQuestion 1,Louise correctly identifiedl=2*

the manipulated variable as the “containers.”

“type of container” would also have been'®

acceptable. The responding variabl&uestion

2, is the number of marshmallows. We ShOV\{l

Louise’s answers in Figure 7. 0

Louise’s data table is shown in Figure 3. Mrs.8

Rader wrote in the names of the cups, and Louisé

wrote in the numbers. y

. : .2
To make your life easier, TIMS has three contamer§

all ready to go. These are the 150 cc graduate
cylinder (container 1 in Figure 1), the 100 cc
cylinder (container 2), and the 250 cc beaker
(container 3). You can use marshmallows, dried
beans, or dried peas to fill the containers. What
you use depends on how high the children can

Ldoom  2.paeee  dplace

Conteinevr

count. Using Brown’s Best Large Lima Beansopportunity to sortin groups of 10 and then add up
(1-Ib bag), it took approximately 130 beans to fillthe number of groups plus the remainder to find
container 1; 100 to fill container 2; and 220 to fillthe total number of objects in the containers.
container 3. The results are shown in Figure 4. Iglearly, the bigger the volume of the object used
the process of counting, the children have a nict® fillthe containers, the fewer objects the children

Figure 4
Table |
C N
Container Number of Beans
1 130
2 100
3 220

have to count. One advantage of the marshmallows
is that the children can have a treat and eat them
after the experiment. Maybe that will help them
remember conservation of volume!

Louise’s graph is shown in Figure 5. Mrs. Rader
set up the graph so the children had to count by 2’s
in order to plot the data and had to interpolate odd
numbers, like N = 27. If you use the TIMS
containers, then you would probably have to skip
countby 5 or 10to accommodate the large numbers
of marshmallows or beans. Ifyou use the Brown’s
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Figure 6 problem with not only children, but also with high
school children and adults. When more than one
Beans vs. Containers variable is involved, they will often focus on only
one and conveniently ignore the other. This
230 . . ipr
220 certainly simplifies the problem, but unfortunately
210 it simplifies it right out of existence. Later, when
200 we study velocity and density, we shall see that the
lgg same kind of problem recurs.
1
170 We modified Mrs. Rader’s questions slightly. We
160 shall go over all comprehension questions here,
0 ﬁg using the data from the TIMS containers shown in
§ 130 Figure 1, and the large lima beans.
=5 120 Questions 3and4 ask the children to identify the
é 11018 tallest and shortest containers. Container 2 is
2 g0 clearly the tallest; in fact, it is much taller than the
80 other containers. Container 3 is distinctly shorter
gg than either Container 1 or 2.
50 Now comes the fun. The answerQoestion §
40 “Which container holds the most objects?” will be
gg container 3, thehortest This is the setup for the
10 key questionQuestion § “ Which container has
0 1 2 3 Figure 7,
c

- Container _ 1, What  was the manil:ula'f'cJ
Best Large Lima Beans, then your graph usingthe _g¢ia ble 7

TIMS containers will look like the one in Figure 6. Conlaine::

. >
2. WhatT was 'Hne r“esfanJ/'nj var.ab/e {

Comprehension Questions

. ?
In Figure 7 we reproduce Mrs. Rader's set o Which cup is the Tallest

comprehension questions and Louise’s answers. 5
As you can see the first questions were very Which cup is the shortest:
simple: “Whatis the manipulated variable?” “What _ Jﬁ’f& the | .7
is the responding variable?” “Which cup is the® Which cup nas The largest volume -
tallest?” “Which cup is the smallest?” But then 7
comes the key question: “Which cup has the largest Which cup has  The  smallest volume
volume?” Judy said that chaos then ensued. The _Yhree

children just could not believe that the tallest cup, wiji a Taller cup hold more waTe.
did not hold the most marshmallows. A great -ww a sherTer cup afl The Fima 7
hubbub and discussion took place, and in several na

instances the experiment was tried again to “make Dres o Tailer cup always have o
sure.” The children wanted to focus on the one L,-.jjef volume ﬁvan a -smaller cup !
dimension of height and were forgetting about the Ao

other two dimensions which defined the width o Define  volume ?szacs

the cups, just as Piaget said! This is a common
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the largest volume?” The answer, of course, ishildren if the beans will overflow container 3
container 3. Will the children see this? Will chaogQuestion 113. Since 62 beans is greater than 29
ensue? “Stay tuned,” as they say. We furthdseans, it certainly will. By how much is harder to
muddy the water by asking @uestion 7 which answer. They can use subtraction by counting
container has the smallest volume. That will belown from 62 to 29, or by counting up from 29 to
container 2, butthatis also the tallest. Sothe talle6R. For example, in the latter they can add 1 to 29
holds the least and the shortest the most. to make 30, then 10 more to make 40, 10 more to

. . make 50, and 10 more to make 60, and then 2 more
The children have been concentrating on bean

peas, or marshmallows. Question § we try to t make 62 So, there will be
be a little tricky. They are asked to anticipate 1+10+ 10+ 10+ 2 =33 beans

whether a taller container will hold moweater left over Question 118. No formal algorithm is
than a shorter container. This requires the children ' 9

to generalize their understanding of volume. FiIIinggeeO.Iecj inany of the three problems. Fingers wil
) : 0 nicely.

the containers with water should make no

difference. A taller cup still magot hold more InQuestion 12 we ask if the beans from container

water than a shorter cup; the children have seen tBeand container 3 can fitinto an empty container 1.

same situation for beans! As in Question 11, there are lots of strategies the

In Question 9we make the transition from beansczgifgn%a;eg?ﬁheTshEr}%/g)?cneggg 6423b22‘225 (t)? tﬁi
and water to volume in general. The children arg u ) y

asked to explain if a taller cup will always have can pour container 2 into container 1 and find that

bigger volume than a shorter cup. As Louis here is still room for 19 more beans. Since
answers, “No.” Why? She might ha.ve answere ontainer 3 holds 29 beans, we cannot make it and
“Because we have just seen it.” he answer is no.

Question 10refers to Marisa’s 3 containers. TheseCQOunetZti'r?enr é?’s's ﬁ;ﬂg; Stglﬁrs\/\:ﬁesrg?mothgﬁeem”t
containers act as a check against what the children ' P pty

have just observed. They are asked to predig ntainer 1 until it is full. First we ask how many

which of Marisa’s containers will hold the most° the container 3’'s will be empty. A little addition

water and whichwill hold the least. Since Marisa'$/ WS that two of them will be but not the third

container holds the mostbeans, ithas the biggesﬁInce two of them hold
volume and should also hold the most water. 29 + 29 =58 beans.
Container 3, eventhoughitis the tallest, holds t

least water because it holds the fewest heans h\?ve then ask how many beans will be left in the

container 3's. We need 4 more beans to fill
Believe it or not, many of our pilot test teachersontainer 1, so
complained that the lab was too short. They B
suggested we add some quantitative questions that 29 — 4 =25 beans
involve addition and subtraction. The next threaill be left over. A multiple step logic problem.
guestions are our response to thatrequest. BetweBreat.

Unifix cubes, hundreds charts, beans, countin

down, counting up, etc., there are many strategiéE naII%{, Wf4r‘(‘e®e;]att_l\/lrs.l Rad’e)’:_s Igst’questlon n
the children can use to solve the problems. uestion 14, atis volume 7LOUISE'S answer

suggest letting them find one with which they feet'vas “thace”;]\.';'gi(:h s §|r|10rt ?nt?] to thg p;oinft.tr\]Ne
most comfortable and working with it. Ieosgn tgoc iaren will get the point ot the

In Question 11 Marisa pours the beans from
container 1 into an empty container 3. We ask the
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Summary

Materials per Team

This experiment makes a direct assault on the sufficient small marshmallows or Brown's B¢
N Large Lima Beans to fill the 250 cc beaker
rel TIMS 100 cc graduated cylinder, 1 TI

conceptual problem of associating volume wit
just the height of a container. Three containers g
chosen that give results that should confound t
children’s expectations. Using marshmallows ¢
beans gives the children a more concrete volun
measure than water. But the children are asked

ne 150 cc graduated cylinder,

and 1 TI

r 250 cc beaker, or 1 tall, narrow contair
ne 1 short, wide container, and 1 other conta

towith a different shape

pSt

S
NS
er,
ner

use inductive logic and make the step from tf

[S]

particular situation with marshmallows to the idea

of volume.

This one experiment will not turn the children into
believers of conservation of volume, but it is a

beginning. Asyou can see by Louise’s answers
the last few questions, they at least suspend

to
ed

disbelief and put down the correct answers. One

must pursue this concept for them by trying i

t

again with water later in the year or in the next

grade.
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