K12 Primary Volume Investigation

Full of Beans

Teacher Lab Discussion

Overview should have the children discuss this question. Do

This is a simple experiment that deals with severdhey realize why it would be a bad idea to change
fundamental concepts in an informal way. Majofo @ different size cup during the experiment?
ideas include the notion of volume, counting and®nce the experiment is over, we could do a new
grouping in tens, addition and subtraction, bagxperiment with a different cup—but that's a
graphing, variables, and controlled variables. different experiment.

The children work in groups of two or three. EactBefore the children actually collect the data, we
group has a cup and two types of beans. THeSk Question 3 which variable they can fill in
questions we will ask are, “Will the cup hold morebefore doing the experiment. In this, as in many
of one kind of bean than the other?” and “Howother experiments, the two variables play somewhat
much more will it hold?” The first question is a different roles. One variable hasluesthat are
qualitative comparison; the second is quantitativeinown before we do the experiment. In this
One of the goals of TIMS is to progress, ag€Xperiment we know the values of T. We can fill

scientists do, from qualitative questions toh lima and kidney beans before we carry out the
quantitative questions_ eXperIment. Thisvariableis called the.n'pl."ated

We would like the number of beans to be larg
enough so that grouping by 10’s has to be used
count, but not so large that your students become

frustrated. TIMS teachers have had success using G’l"c’xf/
2-0z. plastic cups (the kind used for dressing at X
salad bars), kidney beans, and large lima beans. Car?

These cups hold approximately 40 lima beans and

80 kidney beans.

d { YV\ a be_o_ Y\S o
Picture, Data Table, and Graph — ‘\}‘; - I\,

A picture of the experiment is shown in Figure 1.

We show a full cup of beans and define two types
of beans. The latter are labeled with a letter T for @ g,
type of bean. One of the students has therightidea, L/ Q
“Let’s group them by 10’s!” The letter N indicates

the number of beans in the cup to be counted.

OFlgure 1

In Question 1 we ask the students to write what @
the two variables are. They should indicate type of o
bean and number of bean by writing them out or {
using the symbols T and RQuestion 2asks what

remains the same during the experiment. You
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Figure 2
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53 Lima Beans

variable We decided ahead of time to use limaOnce the cup is full of beans and level with the top,
beans and kidney beans. You might decide othe beans have to be counted. Without some help,
some other types of beans or maybe somethindpe children will most likely lose count and get
else, like pasta. The values of the other variableguite frustrated. How do we avoid frustration?
the numbers of beans, are not known until we ddhis is a time when we see the power of grouping
the experiment. You could point out that this isby tens. Ideally, we would like the children to
called theresponding variable count out groups of tens and organize them neatly,

Tocoll hed he child ih il th as shown in Figure 2. Unfortunately, this has
o collectthe data, the children will have tofill € hever worked in a real classroom. Children are

cupwithbeans. Of course thereis aslight problen o, o this neat. One solution we have found is to
When exactly is the cup full? They will have to Use e egg cartons. Each egg “cell’ can easily hold

EZTES{US&?ET;V G\Jllv Sviﬁapﬁéqigogf ?ﬁ;hgu%eaf'riéﬁo beans (Figure 3). The only drawback of using
' egg cartons is that you cannot readily tell if your
children should jiggle the cup a bit so the bean d9 ! you ly el It you

3tudents have made a mistake and put9or11beans

settle down. into one of the cells.
As with the experimerRolling Along with Links
this is an activity that does not resultin one precise
Figure 3 answer. To average out differences in the way the

cups are filled, we ask each partner to fill the cup

)

(( Figure 4
Table |
L J4
BEEEI tears
- T Number of __beans
f@ @ TypeofBean | i1 | Tia2 | Tiaiz |A
rial ral ral verage

JE)E) () )

\ / Kidney 83 | 84 | 80 | 83
Lima 37 36 34 36
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separately and as best they can. The partneg
should cooperate in the process of counting an
then enter the answer under Trial 1, Trial 2, or Trial
3. What if, as is most likely, the different trials do Beans
not result in the same number of beans? We do not .

rrﬁ:igure 5

want to introduce any formal definition of average 150 T T
at this time, such as adding the three trials and 140 K g
dividing by 3, since they are too young for that. So, 130 aE 1
once again, we use the eyeball average (see the 120 B N
TIMS Tutor: Averages Our completed data table, 110 T R
using the 2-0z. cup, is shown in Figure 4. %100 o N
The next step in our experimental process is @ Zg ' L
drawing the graph. By now your students should "§ 70 Pl
be fairly proficient in bar graphing. Theonlynew & O
wrinkle in this experiment is that the numbers are & 60 K
large and therefore they cannot number the vertical < 20 K
axis by ones ortwos. We have provided agraph on =] 40 .
which the vertical axis is already numbered by 30

tens. That means the children will have to figure 20

out how to draw a bar to represent a number like 10

53. At this age we cannot expect too much 0 E— —
accuracy. Certainly we would like them to realize 'Kidney: [Lima
that 53 is between 50 and 60. Ideally, we would T, Type of Bean

hope they would mark the top of the bar closer to

50 than to 60. Before drawing the bars, the

students label each axis with its proper variableshildren devise is perfectly acceptable. For

We have put a reminder in the form of a line. Onc€xample, they could use counters, such as Unifix
this is done each bar should be labeled with theubes, they could draw a picture of the two

kind of beans: lima, kidney, etc. The graph thagollections of beans, or they could use the actual
goes with the data table in Figure 4 is shown ieans. One strategy is simply to pair up the two

Figure 5. kinds of beans as much as possible and then to
count how many of the small ones are left over (see
Comprehension Questions Figure 6).

Now we get to the heart of the experiment, theé® Problem with this strategy is that they are likely
questions. IQuestion 4 we ask of which kind of 10 lose count. Here again, we hope the children
bean did the cup hold more. In our example, théink of using the Unifix cubes and grouping by
cup held more kidney beans. The next questiod€ns: This is a lot less messy. Undoubtedly, some
Question 5 is a comparison-type subtraction 9r0UPS will think of this idea and soon the others
problem. We want to know how many moreWill follow suit. An example of using Unifix
kidney beans (83) than lima beans (36) fit in th&ubes to make the comparison is shown in Figure
cup. This is a difficult question for first grade. At /- They should discuss the strategies they use to
this point, the children do not know the subtractior{ind how many more Unifix cubes are in the
algorithm, so we really have a problem-solvingkidney bean group.

situation where they have to come up with an Question 6 and Question 7 we want to get the
strategy. They may not even recognize this as @hjldren to think about the relationship between
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Figure 6
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required to fill the cup. IQuestion § we ask 7). In fact, this is a rather subtle idea for first
which kind of bean is bigger. The children cargraders and you will be interested to see the variety
easily see by direct comparison that the limas am@ explanations they give.

bigger than the kidneys. This is also borne out béﬁues.tion 8deals with another important concept.

the factthat the cup holds fewer limas than kidney%\nother group doing the same experiment may get
When they are much older, we will be able to put

. o different numbers. Your students look at another
this in quantitative terms and note that we get a , :
: ) . : .~ “team’s result and see if the numbers are the same.
inverserelation. Atthis point we stick to qualitative . . )

: . . Almost certainly the answer QQuestion 8awill

ideas and see if they can realize that a cup always

. . e no. The “why” question we ask@uestion 8b
holds more small beans than big or@s¢stion is a bit subtle and should generate some good class

discussion. What was differentin the way the two
Figure 7 groups did the experiment? The cups used are
exactly the same, so that can’t account for the
difference. On the other hand, the beans are not
exactly the same, and the way they fitin the cup is
not exactly the same. There could also be some
differences in judgment in the way the two groups
labeled a cup as “full.” Finally, there is always the
it possibility that one of the groups made a mistake
1 in counting.

In Question 8¢ we ask which group was correct.
This is very important to the TIMS philosophy.
When doing many types of experiments there is
not just one right answer. Both groups could be
right, even though they got different answers.
Does that mean they can never be wrong? No! If
the experimentis carried out properly, the answers
both groups get should be close. The problem is,
what do we mean by close? When the children are
It older, we can define close in terms of percentages.
I (We’'ll start by having answers within 10% of each
e other be close.) For first graders, you will have to
— tell them what close means. For the large lima
— beans, 10% is 3 or 4, so just tell them that a
— D - D - difference of 3 or 4 is okay. For the kidney beans,
L 8 to 9 is close.

Kidney Beans
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The remaining questions explore arithmetic an
fractions in the context of beans. Question 9
André filled one cup with 35 pinto beans. How

many beans fill two cups? We want to get across

the idea of doublingTwo cups should hold twice =, == =, == =, ==
as much as one cup. Since there are 35 beans in
one, the total number in both should be

! Figure 8

35+35 = 70 beans.

The children can solve this by using Unifix cubes
or counting up by 10’s from 35: “45, 55, 65” and
then adding 5 to give 70. Alternatively, they can
set out beans in groups of 10 and 5 and then count
them all.

In Question 1Q Victor's and Mary’s jars held 29
and 41 beans, respectively. Who had more?
Clearly, Mary. How many more? The number
sentence we are looking for in Question 10 is —_ —

41 -29 = 12 beans.

Although we see this as a subtraction problem,
most children may see it as an addition problem.

Mary had 12 more beans than Victor, so
children use to solve the problem. Using Hex-A-
29+12 = 41beans. Links or Unifix cubes and grouping by tens make
This is also a good answer. Ultimately, we wouldhe solution easier. When the class discusses the
like the children to realize that the addition sentencgolution to this problem, see if any of the children
first split the six tens into three groups of twenty
29+12 = 41 beans, and then divided up the ones. One example of a
and the subtraction sentence first grade solution is shown in Figure 8.

41 -29 = 12 beans, Question 12is an exercise in graphreading. Ifyou
like, you can use it as an assessment or homework.
For Question 12athe exact answer is 43 beans.

In Question 11 we have a division problem. For first grade children we would be happy with
Michelle filled 3 cups with 65 lima beans. Aboutanythinginthe range of 41to 45 beans. Of course,
how many are in one Cup? Again’ usindhe closer they getto 43, the bettm.QueStion
manipulatives (beans, Hex-A-Links, Unifix cubes,12b, we get a bit tricky when we ask which bean
etc.), the children will have to take 65 objects anéf Pigger. The bar for the kidney beans is bigger.
separate them into three equal groups. You willhis will lead many children to leap to the
note that we chose a number that is not evenPnclusion that the kidney beans are bigger. The
divisible by 3. This is intentional. The questionCOrrect answer requires at least two steps of
only asks for an estimateatiouthow many lima reasoning. If the kidney beans have a bigger bar,
beans?”), so acceptable answers include “21then more of them fit in the cup. So they are
“22,” and “21 or 22.” Observe the strategy theSmaller and the pinto beans are bigger.

are really two sides of the same coain.
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In Question 13 Vonette has 17 beans, and sh@uestion 15ais a “join” type addition problem.
wants 25. How many more does she need®gain, using manipulatives, a calculator, or some
Question 13s a subtraction problem that can beother methodhey should find 74 beans altogether.
done either by counting or by using manipulativesThe third part of the question is more difficult.
Some acceptable number sentences are: There are 31 pinto beans. Is this more than half of
all the beans? We are back to multistep logic. The
children may realize that 18 + 25 is more than 31
so less than half the beans are pinto. On the other
or counting on: 17 + 8 =25 beans, hand, they may use their manipulatives to find half
of 74, namely 37. Again, we hope they will find a
variety of strategies and compare them with their
neighbors’ strategies.

subtraction: 25 —-17 = 8 beans,

where again the answer is N = 8 beans.

Question 14comes back to the concept of division

once more. Francis has 45 beans. About half aBummary

white, and about half are brown. How many . i _ _ )
brown beans are there? Asin Question 11, we onhP SUmmarize, this seemingly simple experiment,
ask for an estimateEither “22.” “23.” or “22 or hich only requires filling a cup with some beans,

23" are acceptable answers. A discussion with tHexplores a variety of mathematical and scientific

class should bring out that the third form icconcepts that remain important throughout the

preferable, since there is no way to decide betwe&ildren’s school career and beyond.
22 or 23. You may have some students also copme 3

up with an exact answer of 22in fact, you will | Materials per Team

find that some of the beans do split in half, but wg 5ne 3-02. cup

are just interested in an estimate. « two types of beans of different size, sufficienfto
fill the 3-0z. cup






