34 5 Intermediate & Middle Length Investigation 3

The Bouncing Ball

Teacher Lab Discussion

Overview Figure 1

This is one of the first experiments involving two
guantitative variables. Both are length variables,
the simplestwe can use. Inthis experiment we will
determine the exact relationship between the height
from which a ball is dropped and the distance that
it rebounds. But these are not the only variables
involved in the experiment. Because the other
variables are clear and easy to understand, we shall
use this Teacher Lab Discussion as a general
introduction on how to deal with variables.

Finding All The Variables

One of the first tasks in designing an experiment is
deciding what the two primary variables, the
manipulated and responding, will be. The next
task is to determine all the other variables thatlown instead of just dropping it, then the bounce
affect the values of the responding variable. Aeight will be very different. Indeed, that is the
bouncing ball is one of the simplest and mostjuestion to ask. If | change the value of this other
familiar objects in the child’s world. One can variable, will the values of the responding variable
think of many variables associated with abouncinghange? In that light, it is clear that if we change
ball. the type of ball, then the bounce height will also
change. So, the type of ball is another variable to
In this experiment we have selected two interestingonsider. Is there anything else? We hope the
quantitative variables. The two variables are thehildren will see, when you ask them this, that the
release height (measured from the bottom of thg/pe of floor will make a difference. The bounce
ball, in cm) and the bounce height (again measuregkight off a soft carpet is very different from the
from the bottom of the ball, in cm). Figure 1 bounce height off a hard floor. That should about
depicts a picture dthe Bouncing Baéxperiment. cover it for The Bouncing Ballexperiment, but
Suzie releases the ball and her partner, Lylesach experimentwill bringits own set of variables,
kneeling to get a level view of the ball, measureand so an introductory discussion of variables is
the bounce heighlotice that both variables have crucial to understanding the experiment and
been labeled on the picture. This is goodiefining what one wants to measure. In the next
experimental technique. There are other variablesvo sections we shall discuss how to choose the
besides these two. One qualitative variable is thealues of the manipulated variable and how to find
technique of releasing the ball. If one throws ithe correct values of the responding variable.
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Choosing the values of the manipulated times. If the results are close, but not necessarily
variable identical, then the children have done a good job.
Close usually means the numbers are within 10%
The experimenter can pick any values of thefeach other. Thus, if one gets 20 cm, 23 cm, and
manipulated variable he or she wants. Howevene cm for the rebound, then one has got
a little common sense shows us that some choicggoblems. Also, by doing each measuremgnt
are better than others. One goal of any experimepiast twice the children can take turns acting as
is to see a pattern in the relationship between th&opper and measurer (in most experiments, there
variables. We must therefore select at least thregould be no more than two participants on each
values of the manipulated variable in order to segam). This also gives the group at least two
the relationship between the variables. Also, if thenhdependent determinations of each data point
values you choose are too close together you mayhich is a good experimental technique. Since

not be able to see the pattern. For exampléqhese are usually different, a 3rd measurement is
dropping the ball from 20 and 22 cm, there may bgecessary.

no significant difference in B because of the “error”

in making the measurement. It is not easy tGiven three measurements, one wants to report
determine the maximum height of a movingonly one number, their average. (JékIS Tutor
bouncing ball with better than 2 or 3 cm accuracy2. Averages$. At the 3rd, 4th, and 5th grade level
Sothen, whatvalues of D should we pick? Itisbegine can obtain this average by “eyeball.” This
to pickthem so that they are multiples of the lowesieans ordering the three numbers from low to
value. If we decide that the lowest value is 10cmhigh and taking the one in the middle as the eyeball
then we pick 20 cm and 30 cm, or 20 cm and 40 caverage. For example, if D is 40 cm and the three
for the other two. If we choose values of 10 cm, 2@ials for B give you 22 cm, 23 cm, and 22 cm, then
cm, and 40 cm for Bhen a 1 cm error in the drop 22 cm is a good eyeball average. 18R0 cm, 25
height will not overlap the other drop height valuegm, and 16 cm then the values are too inconsistent,
and will not affect the value of the respondingand we do the experiment over (although 20 cm is
variable very much. Moreover, if we double Dthe number in the middle). When children have
each time, then we already have a pattern, and thigarned to divide whole numbers and obtain decimal
makes finding corresponding patterns in theesults, then the average can be calculated by hand
responding variable that much easier. When wegr by using a calculator. The student should

do the bouncing ball experiment, we like theglways check that the exact average they compute
values of D to be 40 cm, 80 cm, and 120 cm so that:

(1) the children do not have to get their noses to theFigure 2
ground to make the measurement, and (2) they

have to figure out how to measure something Data Table: Experiment 1
greater than a meter. You, however, make the Type of Ball: _Tennis Ball
choice of the values of the manipulated variable B,
based on what you want the children to do and on | orop Heighe| ~ Bounee Heishtin - _cm
your circumstances. "

em Triall | Trial2 | Trial3 | Avelage
Finding the correct values of the responding
variable 40 22 23 22 22
Good experimenters have to make sure that they 80 20 28 42 20
have obtained the correct values of the responding
variable. The easiestway to do this is to make each 120 - 69 20 20
measurement at least twice and preferably three
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Figure 3

is close to the_averaget_hey get by estimating. Th&early identify the two primary variables. We
results of a typical experimentwith eyeball averageshow three pictures here. The picture in Figure 3

is shown in Figure 2. is by Lori, a 2nd grader at the Gladstone School in
Chicago. Although the picture is lovely, there can
Picture, Data Table, and Graph be too much of a good thing. The “Art Bord” and

_ o all the details of the room are not germane to the
In the TIMS version of the scientific method, theexperiment. None of the variables is identified.

children always start with a picture but only afterthe picture in Figure 4s by Kevin, a learning
a suitable period of exploration on their part, and
a little class discussion on yours, to determing Figure 4
what all the variables are and how the experimer
will be done. In other words, the children should )
play with the bouncing ball and discover for Boun
themselves all the interesting things that affect ] 27/
how the ball bounces. Then you guide them intoMj lakeled |draw!
what the experiment will be, i.e., that the /x
manipulated variable in the experiment will be the
drop height(Question 1), and the responding
variable will be the bounce heig{@uestion 2)

but that during the experiment the type of ball and
the type of floor will be held fixe(Question 3) It
would be a disaster to come back the next day tc
finish the experiment and find that the tennis balls
got all mixed up (say, they fell on the floor and
bounced all over the place). You would have to
start all over! Once they know what they are
doing, they draw their pictures.

+

allg Neme E 2 lfiﬂ

of the expelfiment

There are pictures and there are pictures. The
picture should reflect what the children are doing,

so that a person who looks at the picture can
reproduce the experiment. The picture should also
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shown as 40, 80, and 120 and still better—the units
of cm are there, too. This was done by Dennis and
his two partners at the Jamieson School in Chicago.
If three children are working as ateam it'simportant

, that all three have an active part in doing the
.7 experiment.

Figure 5

M We want the children really to do two experiments,

one with atennis ball and then repeat the experiment
with a super ball. The teachers have told us it is
best if they do both experiments one right after the
other. What the children should understand is that
as we go from Experiment 1 to Experiment 2, we
Tle change the type of bfQuestion 4)and thathis,
¢loof  as they will see, changes their results quite
/ dramatically. The data for each of Dennis’s
experiments is shown in Figure 6 and Figure 7
Notice the bounce height units are filled in with a
vengeance. Cm are everywhere. Good! Maybe
then the children will get in the habit of putting in
disabled 5th grader from the Spring Hills Schoolirunits all the time. But units are not easy. Notice
Roselle, lllinois. Although a much cruder picturethat he wrote D(H) and not D(cm). Sigh.
than Lori’s, the basics are all there: the ruler, anthterestingly, the values of the bounce height are
the symbols for the manipulated variable andhe same in Lori's and Kevin's experiment too. Of
responding variable. It is clear that Kevin iscourse, they all used the same drop height but they
focused on the experiment, and that is as it shoutfid not all use the same floor, since these schools
be. The picture in Figure 5 is super in every wayare 20 miles apart! But maybe in schools one floor
The drop height (DH) and bounce height (BH) arés like another—sort of a typical school wooden
clearly indicated. The fixed variables—the onesloor. Bring in some carpet to show what would
that do not change during the experiment—ariappen when the floor does change.
also identified. Even the values of the DH are

Figure 6 Figure 7
B upy EXPERIMENT 2
EXPERIMENT 1 Data Table
Data Table
Type of Ba:i-&wg@ :ﬁgﬁé Type of Ball W
- R(_cm) f B(_CM_)

D(ﬁ), Tral | | Tral? Tral3 | Average fD(-H—) Tralt | TAat2 Taal3 | Avarage
© 1300 Aen ) Bemllem| | * § 2081 Blom| 203 0om
® | bl Fom| Powl dom] | %161 cod SBd 5| S%om
| § 76'177 66(‘)/)7 65(;4_ £ 66" 120 %Om, g&lm %ﬂ, géd’
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Figure 8 manipulated variable goes on the horizontal axis
(Question 7)and the responding on the vertical
(Question 8)

vome. V2 The next two question®uestion 9, Question
10)are very important. Oftentimes one data point
= i is a gift. You do not have to do the experiment
“ 14 because logic alone is enough to tell you its value.
;: /Il In this case the point (0,0) is the gift. Why?
4 // | £ Because if D = 0 then the ball cannot bounce, it
e '“"' - just lies there on the floor, and so B = 0, too.
® 7 2 Equally important is to realize that the curve must
i W e R o P o /f pass through (0,0). Itis a perfect point—subject
by \ YA} ‘/' | to no experimental error. So, as you can see,
:0 /| 1.8 | Dennis correctly forces the curve through (0,0).
. _ s ; In Question 11we ask if the curve is a straight
50 4 ! line. Nothing in science is perfect. Thisisthereal
45 // f/ 1 world, not a mathematical artifact. So the data
¥ Y&V I points will never (or rarely) lie on a perfect straight
i S ey pay e 7 , line. Yet by fitting the data Dennis finds that he
if P : does get a straight line, even though there are data
iy I | points which miss each line. This idea of fitting a
s 4 L line is discussed in th&IMS Tutor 2. Basic
ol £ / | Quantitative FoundationsDennis does a good
s . : j job, as did Lori and Kevin. Our only complaint is

07 10 gL 3 70 50 6 10 B0 40 10 YO /@014 o 160 KO that Dennis’s line is a bit sloppy. Putting a ruler
‘ down and drawing a solid line is the best technique.
But let’s not be too petty. This is an A-1 graph.

We asked the children to tell us why it is a gOO@:Omprehension Questions
idea to carry out three trials for each value of D

(Question 5). Kevin's answer is perfect: “We We start with a bit of a vocabulary lesson by
check it to make sure.” Why do we take an eyebadisking if D and the type of ball are quantitative or
average for RQuestion 69 Again, we let Kevin qualitative variables. IQuestion 12 D is a
answer, “It is closest to all the numbers.” guantitative variable because it takes on numerical
values, while imQuestion 13the type of ball is a
The children are asked to place both sets of dag@alitative variable because it doesn’t take on
points on the same sheet of graph paper. This isiamerical values.
common experimental technique because it gives
the scientist or mathematician an easy way ofThe comprehension questions are heavy on
comparing the results. Ifwe placed each experimergading the graphs. You might assign a few for the
on adifferent graph, then one is constantly movinigib period. Letthem take one home for ahomework
one’s eyes back and forth trying to figure out thassignment and save one as a test question. Itis
scale, etc. We show Dennis’s graph in Figure 8nportant that the children show how they found
Notice that he had to skipcount by 5’'s and 10’s itheir answer by drawing lines right on the graph.
order to get all the data points on the graph arldennis does this very well. We shall use his data
leave room left over at the ends. Of course, tha our answers.Question 14is an interpolation
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problem: how high will a tennis ball bounce thatB = 2 m = 200 cm is not on their graph, so they
has beenreleased from 60 cm? The children shoutdnnot use extrapolation. Instead, they have to use
startat D =60 cm, move up to the tennis ball grapltheir heads. Here is where doubling and tripling
and then over to find B. The children will alsocomes in. Point out to the children that when they
need interpolation skills to read the answer off theoubled the drop height, the bounce height doubled
vertical axis. Dennis gets B =33 cm. The childretnoo. Well, almost, and that is good enough. For
should then check their prediction. This is whaexample, when D went from 40 cm to 80 cm,
science is all about: the power and ability to learB went from 30 cmto 59 cm; so, if | find the answer
a lot from a little bit of data. IQuestion 15the  from the graph for B = 100 cm, | can double the
children have to extrapolate, so the curve has to lamswer to get the answer for B = 200 cm. As we
extended in order to determine the bounce heiglshowed on the graph when B = 100 cm, D = 138
when the release height is 160 cm. Make surem. So, when B = 200 cm, D should equal
when the children plot the data that the drop height38 cmx 2 = 276 cm. Yes, this is hard but doable
values go out to at least 160 cm. Dennis’s datfor students who know their multiplication by
gives avalue of B=87 cm. And again the childremwos. Point out also that when D went from 40 cm
should check it out. Notice both this value of Dto 120 cm it tripled; and, lo and behold, B went
and D =120 cm require the children to go beyonffom 21 cm to 66 cm for the tennis ball, and from
the end of the meterstick. Make sure that they d80 cm to 86 cm for the super ball. Both sets of
not raise the meterstick but simply add another tealues are triples.
it, or tape a small ruler to the end.

In Question 21the children have to look at both
InQuestion 16we go the other direction: predicting curves to get the answer. A strange ball found on
the drop height from an observed bounce heighthe playground rebounds to 18 cm when dropped
Say that you see a ball bouncing to a height of 5%om 50 cm. Is it more like a tennis ball or a super
cm. From where was it dropped? Easy. StartatBall? The children can plot the data point and see
=55 cm, go over to the tennis ball curve and drowhich curve itis closer to. In this case, the strange
down to find D =100 cm. For Dennis’s data thisball is more like the tennis ball. Still, looking at the
point is particularly convenient since the curvedea of what happens when we change the type of
goes right through it. We will not always be soball, Olga’s ball inQuestion 22is not as lively as
lucky. When the children check their predictiona tennis ball so it would have to lie in Region Z.
they should drop it from 100 cm and see how clos@/hat about a different surface? We asRirestion
to 55 cmthe ball bounceQuestion 17isachance 23 what would happen to the data if a soft rug is
for the children to express in words what they havased. The graph shows two choices. Since, from
been finding mathematically in the previous thre@ given D, the ball would not bounce as high, the
guestions. The pattern is that as D gets bigger, IBwer curve, Curve Y, is the correct choice. Have
gets bigger, too. And the pattern is a straight linea rug on the side for them to check, if they cannot

see the answer from their own experience or from
We now look at Experiment 2. But first we ask incommon sense. lQuestion 24we look at a clay
Question 18why redo it? The answer should be,court vs. a grass court. If the ball bounces higher
“because we want to see what happens when vea clay, then Curve X must be the correct curve.
change the type of ball.” And indeed things do
change, as they can see by noticing the steepBne next question requires formal operational
graph. We give the children practice working offskills; or, if you wish, proportional reasoning.
the super ball graph in the next two question. IThese are very important questions for students
Question 19the drop heightis 1 meter, and, usingoecause the sooner the proper reasoning seed is
Dennis’s data, the value of B is about 72 to 73 cnplanted, the more quickly it will grow.
Question 20is a real challenge. A value of Question 25is the easiest.
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You can fill in the table in one of two ways. The

children can treat it as a concrete operational 1:3

problem and plot the (30 cm, 40 cm) data point, put '

a curve through it and (0,0), draw the straight line @
and read off D =80 cmwhen B=60cm, and B = :

75 cm when D =100 cm. Or they can use formal B 30 cm 90 cm
operational skills and note from their experiment D _40em

. D
that doubling D doubles B! When B goes from 30
cm to 60 cm, D must go from 40 cm to 80 cm!
Likewise, going from 40 cm and 100 cm is a factor @

of 2.5; therefore, B must be 30 en2.5 =75 cm.

0D =40cm x 3 = 120cm
Ifthe children are going to understand proportional

reasoning, they are going to have to deal with
ratios and equivalent fractionQuestion 26is an
attempt to deal with both of these ideas. The
children plot the data from Question 25 and find

three ratios. The answers they should get are: Question 27is similar to Question 26, but the data
is read from a word problem:

D= 20cm; — = ;gz::
problem \/
D= 40cm; o = 20
40 cm B _ 10cm _ B
D 30cm 60 cm
D= gocm; 2 = 0¢m \
"D  80cm 1:2

OB =10cm x 2 = 20cm

These ratios are identical. How can you tell? Let
them use their calculators to find the ratio, and they part two of the question:
will see that in each case itcomes out 0.75. So, we
have established that a straight line through (0,0)

_10cm _ 25cm

produces a constant ratio. This is the first step in B

becoming proportional-reasoning-literate. The D 30cm D
next step is to use that ratio to solve a problem. We : ,"

ask them to find D when B = 90 cm. We describe 1 3

in greater detail how to set up proportional

reasoning problems in tAEMS Tutor 8. Simple UD=25cmx 3 =75cm
Proportional ReasoningThe steps are to set up

the problem in symbols, get the ratio, put in what

is asked and what is given, and solve for thEastIy in Question 28we check on how the

unknown. We show the technique below: we, : ) . .
. . children might pick the values of the manipulated

picked the ratio as 30 cm /40 cm because 30 goes . :

: . variable. Clearly, Table V is the correct answer.

into 90 three times.
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Summary Materials per Team

This is along experiment chock-full of marvelous. 1 meterstick and a centimeter ruler
ideas. It deserves a full week—or even longgnr 1 tennis ball

You might want to come back to the proportiongk 1 super ball

reasoning questions later in the year. But settingmasking tape

up the experiment, finding all the variables;
extrapolating, interpolating, and checking their
predictions is prototypical for almost all the
experiments to follow. Itis a big experiment with
big ideas, so give it your best shot.





