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Balls and Tracks Activity

Challenge Sheet

Activity 1: Building a Ski Jump

Have you ever watched sk jumpers at the Winter Olympics or skateboarders on a ramp?
If vou have, you know that you can become airbome if you get enough downlull speed
and then tum up inte a short uphill sechon. See if you can make the marble do the same
with the track provided.

m Materials De I Have?

foam mnsulation fubing » vyardstick or measuring tape
(6 feet total length) . masl:mg tape and string
» glass marbles * 1 large, empty cardboard box
* 1 Popsicle stick » Daia. Sheet—Aciivity 1
* empty coffee cans (or sinmlar) to use as
targets

THE CHALLENGE

Design a ski jump that makes your marble jump into a can without

bouncing on the floor. How far can the marble jump and still land in
a can?
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1 Challenge Sheet

What PER L5
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. If necessary. join the pieces of pipe into one track.

. Tape the track to the wall of your room or to a chair or other fixed object.

. Place several target cans on the floor m line so the marble can land in one of them
. Place a cardboard box behind the farthest

can to catch marbles that sail over all the S

cans mertl

. Release one marble at the top of the track, =

using the Popsicle stick. DO NOT push the ///'/

marble downward when you release it!

. Adjust the shape of the track and the posi-

tion of the cans so that the marble lands m
the farthest can.

Wemzure from the end of e frack fo the beginning of bhe can.

. Make up a game m which you score a different mmnber of points for each target can

Figure out the best place to release the marble for each target can

. Make a diagram of your best ski jump on Data Sheet—Activity 1. Then record on the

What Works? chart what worked and what didn’t while desigming your best ski jump.

SAFETY: Use the tracks and the marbles only in the woy described.

m te Think About

12

What happens if the track 1s not fixed securely to something stable (a wall
or furniture)?
What track shape makes the marble go farthest?
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ACTRITY

Challenge Sheet

Data Sheet—Activity 1

Team Members:

Make a diagram of your best ski jump below. show how high your released the marble
for each target can.
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Data Sheet—Activity 1

Use thas chart to record what you discover about how to make a good ski jump.

Wheat Werks? What Deesn't?

14
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Guiding the Activity

Activity 1: Building a Ski
Jump

PREPARING AHEAD

»  Gather the materials for this activity. Skt the meulation mbing down the
middle to make twvo half-round moaghs from esch. You will see that there
iz already a slit down one side. Open this up with your fingers and use
sharp scissors or 4 craft knife to cut the other side. Try to make the halves
&t gven s possible

*  Miake your own ski jump before deing the activity with the children. See
what works and what proflems arise. Doing 8 test ron will make it moch
eacier for you to anticipats any problems the children may experience.
Before the children begin think abont how to srrange the teams within the
space you have svailable. Each team will work with 6 feet of track_ The
marble may jump almost 3 fest beyond that, w0 you need sbout 10 feet of
floor space or corridor for each team to be comfortable. If you hawve a lot
of free wall space, then you can space the teams out slons this and the
children can tape their tracks along the wall and floor. If you do not have
enough wall for this, each texm should attach the high end of their mack to
a table or chair {or wall or file cabinet) and use other firnimure or books to
support the rest of the wack (see illusoation on page 11).

»  Prepare a folder and some drawing paper for the children to make
dinzrames of their ski jomps before they take them apart at the end of the
sesslon.

»  Make enough copies of the Challenze Sheet inchnding Dt Sheer—
Actrvity I, for each team

INTRODUCING THE ACTIVITY

Being an engineer

Sat the scene by telling the children they will be forming teams of enginears
b build zames wsing marbles and tracks. Ask them what they think enginsers
usually dio and how they work. Have the children brainctorm soms of their
vdeas, record them on chart paper, and then hang the list on the wall Wiite
down whatever the children say, bat be on the lookowt fior the idess mentioned
in the first section of the Jmplemenation Guide ro Design Ir' Projects.

Ski jumps

Ack the children if they have ever seon 8 real :ki jump i the Winter
Clyropics, either on TV or in person. If you can, fnd 3 picture in 3 magazine
or on the Intemnet of a skisr fiying throngh the air Ask the children “What's
pushing this person through the air?™ and “How did be or she get o be going
so fasp?™

Balls and Tracks
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Materials

FOR EACH TEAM

a

foam insulation tubing
{6 feet total length)

glass morbles

1 Popsicle stick
masking tape and string
empty coffee cans
vardstick or measuring
tope

1 lorge, empty card-
board box

Data Sheet—Activify 1

FOR THE PROGRAM
LEADER

a

craft knife
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el
d Guiding the Activity

Explain the challenge The geal is for the marble to land directly in one of
the cans without bouncing on the floor. In addition, they are to oy to get the
maridle fo jump as far as they can. Omce they are sure that the marble can
jumyp no farther, and once it lands in the farthest can almost every time they
aim for it, everyone in the team should mske a drawing on Dava Sheer—
Aervity 1 showing their decign. The drawing should show howr far the cans
are placed sway from the end of the junp and how hizh fom the floor the
marile was released when aiming for each can. For older children thos
diagram should inclnde acoorate measurements of the length and heights of
the parts of the ki jump.

THE CHALLEMNGE

Design a ski jump that makes your marble jump into a can
without bouncing on the floor. How far can the marble jump
and still land in a can?

If you have not already done so, divide the group into teams of two or thres
children and zssigm 3 space for each team to work. State clear zround males
for behanior, including the acceptable nse of the materials. Hand put the
materizls and let the children bagin work.

LEADING THE ACTIVITY

Ax the children work on their ski jumps, walk arpund the room and talk to
thern about what they are noticing and bow it is working for them  Support
their efforts and encourags them to look at what other teams are doing To
the axtent that it halps them stay fommsed or overcome problems, ask
questions about what they are doing, bat oy o avoid elling them how to
make their ski jump. Even if you see them doing something that you kow
will mot work, let them fizmre out what 1= wrong for themselves.

Ac you talk with the children ask {(vanations on) the thres gquestions below.
These questions are desizned to gat them to do the thinkimz. Do not give
answers of sohbions to their problems unt] they have made 3 sincere effort
bo answer one or all of these quesdons. Depending on their answers, you
should ask follow-up questions that keep the thinking going If they are
having rouble moving forward snd become frustrated. by all means, give
them 3 hint.

»  What works {and what doem't)?
E »  What have you tmed (and what happened)?

*  Whar has worked for other teams? (Has the ambazsador been looking at
what other teams have been doinzT)

o Balls and Tracks
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Troubleshooting
It should be possible to make a glass marbls jump betwesn 2 and 3 feet from
the end of the ski jump. Table 1.1 gives you scme hints on what might be
happening if the children are having wouble achieving this result.

Guiding the Activity

Tabée 1.1
Problem Possible Solution
mﬁ ﬁ:ﬁ:;ﬁ Giet up a large cardeoand box behing
oo the farthest can to cabch siray markles.
Marble wortt i Make the last 812 inches of frack e
[ume upwvards. Use a box or books bo hold
e off the end of .
the frack e end up. Adjust the angle of the
updurn o find the best arangement.
Track wolbbles or | Where possible, fx the frack securely fo
will not stay in wals or fumiture wsing masking tape or No Dwsram
constant pasition. | sifng.
Markde jumps off | Make sure the joint is smooth. Lay tape
track where two | lenglhwise akong the trough over the
pieces are joined. | joint

Balls and Tracks
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d Guiding the Activity

After children have had sufficient time to tuild and test their ski jumps, el
thern that first you want them all to walk arpund the room to look at each
others’ski jumps. Explain that you will ask them to say two things during the
Dismussion Circle:

*  Cme thing I really like shout my own team’s desigm iz

*  Cme thing T really like shout another team’s desizn i

When they have looked at each other’s desizns and told what they like abont
their own and other designs, sand them back to make changes or refinements
to their ski jumps. Femind them that the challengs is to see how far they can
make the marble junp (and s4ll land in & can) and also to see if they can Snd
the best relesse point for the marble to land in esch can

LEADING THE DIsCcUSSION

Afier children harve had time to refine and test their desins, call the whole
group together again for a fins] Disoussion Cincle. Bske 3 large blank version
of the Whar Works? chart on a chalkboard or chart paper. WVon will be adding o
this list throushout the project, so make sure to leave plenty of reom for later
additions.

Bagin by ziving them a few minntes to 810 out their own Fhar Fords” chars,
Then have teams report out the first two or three items on each side of their
charts. Write these on the class chart When everyone has mades their
suggsctons, go throwsh the list together to see if there are amy podofs that
everyone agress wpon. If there are, put a large X next fo that item or highlight
it in some other way. Do not make any judzment showt whether yon think
they are right or wrong That 1 for them fo dscover in due course. To get the
conversation going, of if you find that certain aspects of the ki jump are not
being addressed, yon may want to ask some of the following questions:

Cﬂl‘?ﬂﬂlﬂ”ﬂﬂ l'.','HESHﬂl".'S
How did you stop the track from wobbline?
»  How did vou aim the marble for the can?
H »  How did you comnect the mrack so the ball didn’s catch o the joint?
»  WWhat makes the marble go faster or slower?
»  WWhat will happen if you make the track steeper”
»  Whers 1z the best place to start the marble rolling?

Dﬂﬂgﬂ questions
What shape should the final section of wack be for the longest jump?
*  What feamures of the ack might be making the marble slow down or

E speed up?

»  What is the connection between the speed of the marble (at take-off)
and how far it goes?

»  How steep should the steepest part of the mack be?

Balls and Tracks
Activity 1+ Building a Ski Jump
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ACTITY

Activity 1: Building a Ski
Jump

RATIONALE

Mamy children and adulis have ridden on a roller cosster 3t an amusement
park. Few have med a ski jump. Anyone who hes ridden a bicycle or
skatelboard over a ramp or 8 bump in the road, however, knows that if you
ars gpoing fast enongh before you hit the ramp or bump, you suddenty feel as
though you have defied graviry and raben gff7 Activity 1 inmoduces the
children o the materials they will nse thronzhout the project and introduces
the izsne of “teke-off.” which will come up again and again as they move on
o desizning different roller coasters during this project.

This activity, and those that follow, infroduce children to basic enginesring
challenges, Children have to armive at workable ammangements using the
materials available to them. For the ski jumyp {and later, the roller coaster) to
function well, the Tacks omst be supported so they stay in a fixed positon.

INTRODUCING THE ACTIVITY

A skier flying through the air after taking off from a ski jump is similar to 2
car, bike, or skateboard going over a speed tnmap or off 2 ramyp at high spead.
If yom fesl comfortable, you might extend this mitizl conversation by
drawing out the children’s personal experences with aoy of the devices that
Lnch a person upwards in the way that a ski jump does.

LEADING THE ACTIVITY

Questions

This iz your oppormnity to modal the types of questions that you want the
children to ask themselres s they are engaged in the activity snd that are
important o the desizm process (such as those on page 16). The purposs of
the guestions is to get the children fo observe bow their constmuction wozks
and how changes that they make affect its fimctioning.

Pacing
The children will probably prafer to play with the materials in an
unintermupied way from the beginning of the seszion to the end . and may
resist when you break imto their playtme for a Discussion Circle.
Monetheless, if 13 soongly recommended that vou keep conimol of the pace of
the activity and infervens in the way descnbed. Althouwgh exploration with
the materials is essentizl to the leaming process, stopping fom dme to fime
to consider what is happening 1z also an essenfiz] part of making sense of the
experiencs. By looking at other people’s ski jumps and finding something

Balls and Tracks
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ACTIITY

Background

miereshing of admirable m them they may be more likely to make changas to
their own designs 1f they are not performing as best they could.

LEADING THE DiIscuUssION

Formal disonssions about design projects shonld be separate from the
handling of the materials. Children often find it hard fo switch from tonching
to talking, so it is Doportant to make the Tansiton very obvious. If is best if
materials ars lefi whers they are while the children gather away fom them in
a Diizrussion Circle.

Dizoussions should be short, at first, centsring more on sefting up the habits

and rowtines of discussion rather than getins to the whols math of the matter.

Evenfually both can happen, but it might take a while, so oy to observe the

following mmdelines from the beginning of your work with Design I projects:

= Eeap the early disoussion short (3-10 mdmntes).

= Insist that only one person talk st a tme.

»  Imsist oo teking tums. Work out your own way o keep the system clear
and consistent (hand raising. etc )

»  Beflect. Fepeat back to the speakers the essence of what they said so they
will know that they were heard and whether they were umdarstood.

* Saparate constmction problems fom design “fndings.™

Construction pmb."ems

Mlost constroction problems have more than one solifion. And In most teams,
children find more than one way to solve a partoular problem. Make sure
vou give dme and space in the Discussion Circls for children to share their
vdeas and successes with the whols group. If o one comes up with any ideas
for solving a parficular problem you may have to snzzest a solution yoursalf
Baut avoid giving solutions unless the children aren’t msking any progress at
all. Even then be sparing with your hints. Make as nmch space as you can
for the children to discover things on their own, and help them fee] good
abwoat it when they do.

Listing the "findings”
In addition to solving the immediste problem of “makine the ski jump
work,” encouragze children to come up with 2 few stabements that they can
confidently say are always going to be tue for this type of ski punp. Soch
staberents, called “findines.” mizht be something like, “Smooth macks
(alvways) work befter than rough enes.” Whenever yvou disonss the design and
operational details of the aciivities in this project, o back to vour Fhat
Works" chart and zee if the children can agree oo a small oumber of gensral
stapements that would apply to their ski jumps. The kind of findines that the
children may discover in this activity are:

Balls and Tracks
Activity 1' Building a Ski Jump
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ACTWITY

Tz

*  The higher you raleaze the marble, the faster it mavels at the bomom of
the slope.

= The steeper the down slope, the Sster the marble fravels at the bofiom...

= bt if the slope 15 too steep, the marble bounces off at the curve.

»  The faster the marble wavels at take-off, the farther it goes (for a fixed
lannch angle).

»  There iz one particolar launch amgle that sends the marble farthest

Eeep rack of these statements on the Whay Words " chart (or create a new
chart a5 described below). Add items to the list whenever there is general
azreement about them. If thers is confroversy about & partoular poimt, you
might keep a separate list or you mizght add it to the list in such a way that it
iz clearly temporary undl it is Snally admitted or rejected altogether based on
later experience. Ancther opfion is to have a chart with fao cohoons labeled:
“What we know FOB SUBRE™ and “What we THINE we kmow.”

It is important that you do not say whether you think a proposed Snding is
right or wronz. Your role is to insist that befors a statement is accepted as
e, it mowst be tested. 50 if someone says that the best anzle for the
lamiching end of the tbe is about halfaay berween straight up and level, yon
can azk: “How do we know that? Have you tested it? How counld you test it?

Consistency and accuracy

For most man-made objects and devices to be considered “usefnl,™ they nunst
function in a consistent manner. Part of the engineenine challenge for the
children is to get the ball to fall in 8 can mest or all of the time. Given the
nanure of the materials and the support system this may not happen

When they are testing their sef-ups, yon should encourage children to find
out how consistent their tracks are. Does the ball always gavel the foll course
of the tubing withount falling off? If not, can they adpest the mack so the ball
stays on for the full nda?

Then can they zet the ball to fall info 3 can every time? This i & matter of
acouracy. It is parily dependent on a consistent rack and whese and how the
hall is released If the track is at the right anzle and the hall is released
consistently at the same height and in the same way, it is highly likely that it
will land in 2 can makimg the system accurate.

Cmice 3 product has been desizned constructed, and given it final tests,
enzinesTs Deed to cammy out multipls testing to see if the product 15 conststent
in its fimction and that it performs within the prescribed limdts.

Balls and Tracks H
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n Rackground |
s S BacsrouND

Trajectory

When the marble leaps off the end of the ski jumg, it keeps going forward through the air and either fses
up or drops toward the floor at the same time. How far forward it goes depends on two things:
»  how fast it is going at take-off, and
which way it is pointing at take-off.
When you let go of the marble, gravity pulls it down the track toward the floor. As it rolls down the track,

it moves faster and faster (assuming that fmiction snt too great). For any given track and ball
combination, you can change three things:

= how high you start the marble,
how steep the frack is, and
the placement and angle of the cumve.

If your track is too steep, the marble goes into freefall and may bounce out of the track when it finally
makes contact. But generally, the steeper the slope and the higher the starting point, the faster the
marbbe will be traveling when it reaches the botiom.

To make the marble take off, howewer, the track has to curve back upwards at the bottom. This redirects
all the speed and momenturmn the marble has gained on the down slope and sends it up again. But even
at high speed, the marble won't jurnp very farif it takes off in the wrong direction. If the track points straight
at the floor, that's where the marble will go. if the track curves up into a very steep uphill, it will go straight
up in the air and fall close to the end of the track.

Through trial and emor, you wil find that there is one optimum angle for distance. and another opfimum
anghs for height. _..,-"

ASSESSMENT

At the end of each session of this activity, ask yourself the following

questions:

» Have the children made a ski jump that makes the marble pump abowt 2
or 3 feet (or more)?

*  Dw the children understand bow they made the ski jump?

*  Can they describe fo vou and to each other the process they went through
to decide on a design and why it werked (or didn™t work)?

Crver the span of this project you should also leek ont for more general
behavior changes relating to how well the children work as a large syoup and
a5 small cooperative teams. It is probably oo early to expect dramatc
changes in these behaviors, but if you are attentive to their behaviors from
Lh.ebepﬂmmg, you can more easily see when changes ocour

Do the children take fmuns and share the hands-on work?

* Do they ask each other for help before asking yon?
*  Dw they listen when their peers are shanng ideas?
* Do they respond constmactvely to idess fom peers or adalts?

- Balls and Tracks
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ACTNITY

EXTENSIONS

High jump

If ime allows, have each team sef up 8 high jump at the end of their wacks.
Fold a piece of stuff paper (index card oak tag, or file folder) in half o it
can stand on its oW

Flace the folded paper (high junp bar) on top of books (see Figure 1.2)
and have the children release a marble to see if it can jump over the bar
Change the positon of the bar and the shape of the Tack undil you getf the
marble to jump a: high az possible.

The bottom curve of the mack should be taped to the foor so a5 1o make
megzuring the height of the jump sasy and standard for all tesms.
Measure the height of the jump from the floor to the tip of the bar that
the marble jumped over (ses Figure 1.3).

Figure 1.3
High jump.

M=y from
the flcor tn fre
fop of the high
jmp.

Figurz 1.1

Which marble works best?
Investizate whether one type of marbles is & better jumper than snother

Balls and Tracks H
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