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Dear Teacher,

Welcome to The Franklin Institute’ sexhibit on the science of spor ts! The Sports Challengeis an exciting
exhibit that will help your students discover the vital roles that physics, physiology, and materials science
play in avariety of sports.

What The Sports Challenge is About

The Sports Challengeis a fully interactive exhibit of fifteen sports stationsthat allows visitors totry
sports as different as baseball and rock climbing. Each sports stationfocuses on adifferent scientific
principlethat is crucial to making the sport work. For example, a pneumatically rocked surfboard chal-
lengesthe visitor to figure out how to stay balanced by experimenting with differ ent foot positions—and
in the processteachesthat a narrow base of support (feet together) isthe least stable position.

Many of the stationsin The Sports Challenge demonstrate how scientistswork, by asking visitorsto
change one part of a complex activity totest what will happen. For example, in the pitching challenge,
visitors may compare how fast they can throw three balls of different sizes but approximately thesame
weight in order to seethe ef fect aball’s size has on how fast it movesthrough the air. This isjust one of
the opportunities that students will haveto simulate how scientists work—collecting dataand looking for
connections between cause and effect.

Other sports stations allow thevisitor toexplor e how using on€’ sar ms can increase momentum and
how friction helpsa person climb arock. There areal so displays that demonstrate what happensin an
athlete’ sbody the more they work out, how spinis used in sports, and much more.

Teacher Support

ThisTeacher’s Guidewill help you and your students get themost out of your visit to The Sports
Challenge. The Guideis dividedintotwo parts. Part | isa two-page “ In-Exhibit Exploration Activities’ guide
with questions to be answer ed as your studentsinteract with the sports stations. The questions will help
students focus on the scientificprinciples behind whatthey ar edoing. Thereis also atwo-page answer
sheet to usein checking their results.

Part 11 of the Teacher’s Guide has thirteen in-class activities for further investigationof the science of
sports. These activities can be used before your visit to generate student interest in the exhibit or once
students are back in the classroom to capitalize on that inter est for further science investigations.

Hee Educator’s Preview!

To help you prepare your clas sfor vigting thelnstitute you can ge freeadmission to the museum in
advanceof your trip, just showyour shool ID (or a pay Sub) at the Box Office of thelnstitute, and getin
free. This offer is gponsored by the Philadelphia Inquirer and does not have any cash value towards the
price of a field trip.



THE SPORTS CHALLENGE

Answersfor In-Exhibit Exploration Activities

Par t of thepurpose of the In-Exhibit Exploration isto make surethat students have all done the

same activities, to make it easier to discussthem as agroup back at school. Here arethe kinds of
answers students ar e likely tocome up with, althoughin many cases they may find alter native correct
solutions. What’ smost important is that they can give an explanation for their answers and back them
up with their observations.

Wider is Better (surfboar d)

What isdifferent about those three foot positions on the surfboard? Some are narrower than others.
To stay balanced, a person has to keep hisor her weight over the ar ea between the feet. Making that
area wide by keeping the feet apart makes thejob easier.

Other examples of this principlein action include linebackersin football tr ying tohold their position,
battersin baseball getting ready to swing, and tennis players, fencers, and sumo wrestlers beingable
to shift their weight without falling.

Get a Grip (rock wall)

Students should noticethe differencein smoothness between the high-friction half of thewall and the
low-frictionhalf. Examplesof how frictionis used in spor tsinclude abaseball player slidinginto abaseto
slow himself down, abasketball player gripping a ball, and a runner at the start of a race pushing against
the ground to moveforward. Any sport that involves having twomaterial s touch/push/r ub against one
another uses friction.

G0 Speed Racer (wheelchair race)

The 3-wheel racingwheelchair is built to go asfast as possible, and toget themaximum ef fect from an
athlete’ sar m muscles. The regular wheelchair is meant tobe sturdy andeasier toget into andout of.
Some of the other differences aresize, number, andtilt of thewheels; height; shape; and ease of getting
started.

Take a Leap (vertical leap)

Back in class, have students share their results and make atable showing how high each student jumped
with their arms unmoving, andwhile swinging their arms upwar ds. How much of a differencewasthereon
average? Have students identify any readingsthat the readout may have made an error on—scientists
also have toanalyze their datafor mistakes.
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Answersfor In-Exhibit Exploration Activities

(continued)

In for Spin (ice skating)

Students should noticethemsel ves spinning faster whenthey pull their legin toward their body. This
illustratesthe principlethat the tighter the circletheir limbsmove in, the smaller the distance isaround
the circle—and the more timesper second that they go around the circle. | ce skaters use this effect

by bringingtheir arms and legs in closeto their bodies as they spin. Somersaulting diversand gymnasts
also use this principle.

The Way the Ball Bounces (basketball)

Ingeneral, harder surfaces will absorb | ess ener gy from a ball than a soft sur face, alowing the ball to
bounce higher. Back in class, have students comparetheir resultsto seeif they all got the same answer.
Ask for possible reasonsfor any differ ences. Could the ball have bounced differ ently for different stu
dents? Possible answers might include differences in theforce used to dribblethe ball, “funny” bounces
of f an uneven surface, and dropping ballsfrom differ ent heights.

And They’ re Off (drag racing)

“Practice makes perfect” isan adagethat refers to the brain’ sability to learn patterns and respond more
quickly to them. The five trialsof the drag racegive the brain a chanceto get used to the “3—2—1—Go”
countdown. It takes .12 secondsfor a signal to travel from brainto foot. For anyone to record a faster
timethan that, he or she actually hasto send the push signal to thefoot befor ethe “Go” light goes on!

Flaming Fastbal | s (pitching cage)

A pitched ball beginsto dow down as soon as thepitcher lets go of it becauseof air res gance—air dragging
onthe ball. The bigger the ball, the more air pushes against it. Onthe other hand, the weight of a heavy
ball helps it resist slowing down. Back in class, have students shar eresults and cal culate the average
speed with which the class threw each ball. Which ball did most students predict would go fastest? Which
of thefactors about balls—size or weight—seemsto have had the greater ef fect on theclass' s thr ows?

Speed Skiing (skiing)
Athletes can adjust their bodiesinto specia positions:

= totake advantage of certain muscles, for example, on thesur fboard and in the pitching cage
= to help their bodies movefaster/further, for example, ice skating and leaping

= inresponseto the shape of some external object they aretryingto fit into,
for example, the racing wheelchair and the rock wall

= to keep their balance, for example, on the surfboar d

Studentsmay suggest other reasons as well. Accept any answer that can be supported by a
reasonabl e explanation.
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In-Exhibit Exploration Activities

Wider is Better (surfboard)

Being ableto keep your balanceis animpor tant skill in many sports such

as surfboar ding! Here are three dif ferent foot positionsto try when

standing on thesur fboard. Which do you think will make it easiest to " ‘ ,
keep your balance? Circlethat foot position.

Now tr yeach position. Inwhich position was it the hardest to maintain your balance?
In which position wasit the easiest?

List two other sportsinwhich you have seen athletes stand in the “easy” position.

When do athletestake the “easy” position?

Get a Grip! (rockwall)

Many sports are affected by friction, aforcethat makes objects stick against one other.
Climb as far across the rock wall as you can, goingfrom left toright.

What isdif ferent about thesecond half of thewall?

List at least three spor tsthat usefriction, and then tell how each sport uses the principle of friction.
SPORT HOW FRICTION HELPS

Take a Leap (vertical leap)
Athletes can improve their chances of jumping higher by how they hold their bodies.
Make two leaps:
1. keep your arms at your sidesfor one
2. throw your ar ms upwards for the second leap.
For each leap, recor d how highof f the ground you. You will need this information to make a table
whenyou get back to class.

JUMP #1: inches seconds JUMP #2: inches seconds
(armsat sides) (arms moving)

GO0 Speed Racer (wheelchair race)
Equipment isusually designed for aspecific purpose.
List al the dif ferences you see between these two wheelchairs:

Choose one difference and explain why you think the wheelchairs were designed with that dif ference.
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In-Exhibit Exploration Sheet

(continued)

In for Spin (ice skating)
Do youknow how to spin faster? Stand on the platform on oneleg and then spin.
What happenswhen you spin on the platform with oneleg sticking out?

What happenswhen pull your leg in and tuck it into your body?

List at least two sports where you have seen an athlete do the same movement.

The Way the Ball Bounces (basketball)
Bouncethe basketball and then rank thesur facesfrom bounciest to least bouncy.
Use a scale of 1to 4 with 1 being thebounciest.

Foam: Sand: Wood; Astrotur f:
Why wasit dif ficult to bounce the ball on some sur faces?

And They’re Off (drag racing)
Responsetime isimportant in many sports. Try this challenge and you will get fivechances to see how quickly
you can “step on thegas.”

Record your time below for each of your five triesor put an “X” if you got a “too early” warning.

#1: #2: #3: #4: #5:
Did your response time change? Did you get faster or slower? What might have caused the change?

Flaming Fastballs (pitching cage)

Predict which ball you will be ableto pitch thefastest.
What about that ball makesyou think it will go the fastest?

How fast did youactually throw each of thethree balls?

Biggest ball: Medium-sized ball: Smallest ball:

Speed Skiing

To raise their speed, skiers adjust their bodies into a special position
reduce air resistance. Look through the exhibit at other sports challenges
and find another sport inwhich peopleare putting their bodiesin special
positions that help them perform better. Draw what the peoplelook likein
that position. (You canusea stick figure.)

Write at least one advantage of the person’s putting hisor her body
inthat position for that sport.
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Exhibit Layout
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In-Class Activity:
Design aSport to Be Played at Zero Gravity

Science Standards and Concepts
Extrapol ating science datafrom experience;
Motion

Skills

Cooperativework, Drawing conclusions,
Recognizing cause and ef fect, Predicting,
Creativewriting

Suggested Time

1 classperiod

Materias

Paper and pencils

Background

In space, peoplehave to deal with the lack of
gravity, which causes objectsto keep moving in
a straightline rather than falling back to ground
and stopping. The lack of gravity means that
thingswill not stay put if there isthe dlightest
breeze or vibration to movethem. Outsidethe
space station, lack of air, high temperatures
from the bright Sun and cold temperaturesin
the shade, andthe danger of equipment floating
of f into thedistance should all be concerns for
would-bedesigners.

Procedures

1. Ask students what differences they can name
between ice hockey and field hockey, or between
cross-country running and running on atrack. Can
studentsthink of other goorts that have vaidions
when played on dif ferent surfaces, in dif ferent
locations, or under differ ent conditions? How
doesthe sport change in each situation?

2. Discusswhat the conditionswould belikeif
studentswere livingin a space station orbiting
the Earth. Based on wetching television coverage
of thespace shuttles and space stations, what
can students say about how beingin space is
different from being on Ear th? The mgjor factor

they should mentionis the lack of gravity. Ask
them what ef fect the lack of gravity hasonthe
way people can livein space.

3. Assign small groups towork together to
design a sport that might be played at a space
station with zero gravity. Students can adapt a
sport played on Earth ordesign atotally new
one, but in designing their game, they must deal
with the lack of gravity. They should determine
the object of the game, the number of players,
the equipment needed, including any special
gear that does not cur rently exist, and the name
of thegame.

4. Oncethe design of the game has been fin-
ished, each team should write a brief description
of the sport and attach one or more illustrations
showing what the gamewould look likeas itis
played. Have each team reporton its sportto
the rest of theclass.

5. During the debriefing after each team has
repor ted, be sure theteam isasked how it had
to change the sport to deal with the conditions
on the space station. How did theteam decide
how the sport would work? What problems did
the team have to overcome? Onceal reports
have been given, ask the classwhat similarities
were apparent among thedif ferent teams’
sports.

Extending the Lesson

The NASA educational video Astrosmilesis a
wonderful look at the day-to-day realitiesof living
in zero gravity. Itis available free from NASA by
asking for a copy of this "Best of" series tape
and mailinga blank 120-minute VHS tapeto:
NASA Teacher Resour ce Center, Building 1200,
Stennis Space Center, M S 39529

In the Exhibit

Several of the stationsin The Sports Challenge
involve changing asport in some way—removing
the friction from part of therock wall,bouncing a
basketball on unusual surfaces, etc.
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Science Standards and Concepts
Relationship between an object’s form and its
function; Engineering, Design

Skills

Cooperativework, Observation,
Drawing conclusions

Suggested Time

Part of aclass period

Materials
Copiesof next page “Strange Spor ts Equipment”

Procedures

1. Dividetheclassinto pairs or small groups.
Duplicate and distribute to each group a copy of
the sheet showing unusual sports equipment.

2. Explainthat the studentsareto try to deter-
minewhat theitems aredesigned to do and how
an athlete might use them, rather than the sport
in which each isused. Students shouldfocus on
size, shape, materials, and par ts.

3. Guide studentswith questions such as

« What features do you notice about each
object? How do these features of fer clues
about its purpose?

= Doestheitem remind youof anything else?

= How does the shape of afamiliar object,
such as a catcher’smitt or aski, tell you
about how it isused?

Remind students that they ar e to focus on what
the object tellsthem about itself.

4. Regroupand discuss each of theitems
inturn.

In-Class Activity:
The Equipment Puzzle

Answers

Top item: Padding for hockey goalies; protects
players by absorbing impacts; worn under their
uniforms

Item on theright: Disc used in curling; gripped by
the handleand slid along theice; heavy weight
helpsit keep going and knock away other discs.

Bottom item: “Monofin” that fitsover both feet.
Pushes large amounts of water quickly tohelp
swimmerstravel fast.

Item on left: Scoop used for catching and throw-
ing balls in jai-alai; straps attach itto the hand
and let players catapult ballsat very high speed.

In the Exhibit

Ready for Anything isa statue wearing 25 differ-
ent pieces of equipment from various sports,
including ajai-alai scoop and goalie padding. If
you areusing thisactivity before your visit, ask
studentsto be on the lookoutfor these items. |If
you areusing thisactivity after your visit, ask
which onesthe statue was wearing. Each piece
of equipment on the statue provides clues about
how itis used.
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Strange Sports Equipment
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Science Standards and Concepts
The wider the base, the mor e stablethe
position; Balance and Stability

Skills

Observation, Drawing conclusions,
Recognizing cause and ef fect

Suggested Time

Part of aclass period

Materials
Masking tape or other nontransparent tape

Procedures

1. Lay out threelines of tape on thefloor in
the shape of a very long and narrow “Y”. It
should be about 25 feetlong and 2 feet wide
at itswidest end. You will need the third
piece of tape to make the stem part

2. Have students try to walk along the “Y”
from thetop, or open part, to the bottom,
keeping their feet within or touching the
lines. They will haveto bring their feet closer
and closer as the lines converge.

3. Ask studentswhat they notice asthey
walk along the “Y”. Some quegtions might be:

= How does your foot position change?
< Did you useother parts of your body?

4. Onceall studentshave walkedthe “Y” (or
several volunteers) ask: What sports require
playersto stay balanced when something—
either another player or gravity—is acting to
tip them over? Some possible answers might
be football, rugby, ice skating, gymnastics.

In-Class Activity:
Walking the Y

Extending the Lesson

Here are some additional thingsthat stu-
dentscan to do to test their balance and
learn what makesthem more stable.

= Have students see how far they can
lean over to the side with their feet
together compared towith their feet
apart. In both cases, draw a box
around the student’ sfeet. Can they
discover the connection between the
boxesand their stability? The answer
isthat the box shows how far they
can shift their weight before they
start to topple.

= Explore some other waysto help them
keep their balance. What ef fect can
their arms have on keeping their
balance? Their eyes? Other parts of
their bodies?

= Useclay, blocks, or other building
materialsto construct structures
that ar ethe same height but have
narrower orwider bases. Test their
stability by seeing how easy they are
to push over. The"Y" is designed to
bring your feet closer and closer
together; how doesthat relate to this
building activity?

In the Exhibit

Wder |s Better shows the impor tance of
having your feet wide apart on areal-life
balancing activity—standing on a surfboar d.
Studentswill havefun trying to stay upright
while the surfboard tiltsup, down, and side
ways—andwill learn through experience that
keeping their feet apart improvestheir ability
to balance.
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Science Standards and Concepts
I nteractions between senses and the brain;
How the brain follows patter ns; Reaction Time

Skills

Cooperative work, Observation, Drawing
conclusions, Recognizing cause and effect,
Computing averages

Suggested Time

Par t of aclass period

Materials

1 copy of the drop strip on next page for every
two students (make extracopiesin case any
strips become tom or too crumpled to use)

Procedures

1. Dividethe classinto pairs and give each pair
a copy of thedrop strip. One personwill be the
timer and the second person will be the racer.
The pair will reverse positions so each person
has achance to time hisor her reactions.

2. Thetimer holdsthe drop strip from the top,
letting it hang down in front of him- or herself.
The racer places one hand at the bottom of the
drop strip but not touchingit. The racer’ sthumb
is ononeside of the strip and the index finger on
the other Sde. The fingersare about an inch gpert,
asthough they were aboutto pinch the strip.

3. Thetimer dropsthe strip suddenly, and the
racer triesto pinchit as quickly as possible.
Where theracer’ s fingersgrab the strip indicates
how quickly the racer was able to react, from
zer 0 seconds to almost a quarter of a second.
Havetheracer try threetimesto get an average.

In-ClassActivity:
The Reaction Time Challenge

4. Now have thetimer give asteady countdown
of “3—2—1—Go!” befor edropping the strip.
Have them do this three timesto get an average.

5. Have racer and timer switch and repeat
the two steps.

6. Ask studentsthe following questions:

= Does theracer’ s time changewhen given
acountdown?Why?

* Human brains arebuilt to seek out patterns
like thecountdown. What other patter ns
occur in sports?

< Why will an athlete get better at the sport
once he or she gets used to recognizing and
acting on thepattern?

Extending the Lesson

Have studentstake the strip home and ask
some adultsto try the activity with them to find
out if adults’ reactiontimes are better than
that of students. The class could also test the
reaction time of some athletes. They might
consider whether runners on the school’ strack
team have better reaction times than players
on the baseball team.

In the Exhibit

And They’re Off puts studentsin the driver's
seat of a hot rod at the starting line of a drag
race. When the countdown lightsin front of the
driver reachgreen, the driver steps onthe gas,
and atimer shows how quickly thedriver was
ableto react. By tryingit multiple times, the
driver will improve, as hisor her brain learnsto
anticipate thegreen light.
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Science Standards and Concepts
Conducting scientific investigations; Transfer
of energy; Evaporation; Human physiology

Skills

Observing, Measuring, Graphing, Drawing
conclusions, Recognizing cause and effect

Suggested Time

Part of a class period

Materials

Four thermometers capabl e of measuring
temperatur esar ound roomtemperature,
2 spray bottleswith water, stiff paper or
cardboard for fanning, graph paper

Procedures

1. Tape the four ther mometers numbered

1 through 4to awall at least three feet from
one another. Do nothingto #1. Ask for three
volunteers or appoint three students to vary the
conditions for the other three thermometers.
Have one students spray #2 with water every
20 seconds. Have asecond student fan #3
constantly. Have thethird student spray #4
every 20 seconds AND fanit constantly. You
can select avolunteer timer, or do it yourself.

2. Have four mor e students record the
temperatur esof the thermometersevery 20
seconds (right before spraying) for 5 minutes.

3. Have theclass use thisraw data tocreate
graph on theboard showing the rangeof
temperatur esfor all four thermometers.

In-Class Activity:
Keeping It Cool

4. Ask students questions such as:
= Which ther mometer cooled off the most?

< \What observations can youmake about
each thermometer?

« What observations can youmake about the
combined graph?

< How does thehuman body naturally cool off
when it gets hot?

=« Why do you think that thereare big fans on
the sidelines at a football game?

Extending the Lesson

Try an evaporation experiment on your own hand.
Spray water on the back of one hand and leave
the other one dry. Blow on both hands and feel
the difference. Could you change how cool your
hand feel s by blowing mor e strongly or more
lightly oniit?

In the Exhibit

Sideline Science shows differ ent kinds of
devicesthat football teams use to keep their
players in shape during and after a game. One
such aid is sports drinkswith electrolytes. They
hel p the body absorb water better asit loses
fluidsthrough perspiration.
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Science Standards and Concepts
Resilience (bounciness), Conser vation of energy,
Proper ties of objects and materials, Designing
and conducting scientific investigations

Skills

Cooperative work, Observation, Measuring,
Graphing, Drawing conclusions,
Recognizing cause and ef fect

Suggested Time

1 classperiod

Materias

Balls from many spor ts (preferably not hard like
golf balls): basketball, ping-pong, soccer, rugby,
tennis...; onefor each group of students

Procedures

1. Explain to studentstha ther task isto compeare
the bounciness of the balls used in various
sports. Brainstorm with students about what
“bounciness’ means and how to measure it.
Have the class agr ee on what would be a fair
test. Asa group, havethe classdevelop a plan
for the procedure to follow and the measure
ments totake.

2. Dividethe classinto smaller groupsand
have each group conduct their tests and record
their findings.

3. When ever y group has completed its
investigation, reconvene the class and have
groups share theirresults. Create acombined
char t on the board.

In-Class Activity:
Official Bounce Testers

4. Some questionsto ask studentsare:
= Did theballs differ in their bounciness?

< Rank the balls from most bouncy to
least bouncy.

* What features of theballs might make them
bounce differently?

= What elsecould affecttheway aball bounces?

= Why might different sportswant moreor
less bouncein their balls?

* Howwould aparticular sport be different if
the bounciness of its ball suddenly changed?

Depending on your school set up, you might take
your class outsideto try bouncing the balls
against dif ferent sur faces such as grass, the
sidewalk, or on awooden tabletop.

Extending the Lesson

Explain that many spor tshave specific regula-
tions about how much their ballsmay bounce.
Post thelist on the next page and have students
test ballsto see if they follow theregulationslist-
ed. (You might borrow some ballsfrom the
Health and Physical Education Depar tment for
student use.)



SPORT OFFICIAL BOUNCE TEST

Note that these of ficial sports federations are mostly located in the United States,
where they use inches rather than metrics.

Baseball

Tennis

Basketball

Lacrosse

Table Tennis

When dropped from 60 inches onto a hard wood sur face,
the ball should bounce to between 16" and 20"

Whendropped onto a concrete base from 100", the ball should bounce
more than 53" but |ess than 58"

When dropped on wooden court from 6 feet measured from bottom of
ball, rebound 49-54" measured to top of the ball.

When dropped onto a hard wooden floor from a height of 72", should
bounceto a height of between 49" and 54".

The standard bouncerequired shall not be less than 22 cm (8 3/4")
or more than 25cm (9 3/4") when dropped from ahdght of 30.5cm (12")
on an approvedtable.
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Science Standards and Concepts
Proper ties of objectsand materials,

Abilities of technological design;

Energy, Force, Impacts, Safety

Skills

Cooperativework, Predicting, Observation

Suggested Time

1 to 2 class periods

Materials

Eggs, one for each small group; construction
materials such as newspaper, string, rubber
bands, tape, paper, straws, toilet paper—the
mor evariety, the better; a scale that can weigh
from several ouncesto several pounds.

Procedures

1. Divide theclass into sports saf ety teams of
from three to five students. Explain that their job
isto design aprotective “safety suit” for araw
egg that will allow it to survive a collisionwith a
wall, just as sports gear isdesigned to protect
athletes’ bones and brains.

2. The “safety suit” can be no more than six
inches wide, high, or deep, and must havea way
for the egg to get in and out without too much
difficulty. The teams must document their design
in some way, with adrawing, blueprint, or step-
by-step instructions for making the suit.

3. Allow the teams 20 to 40 minutes, depending
on the schedule, to design and build their suits.

4. Once theteams have completed construction,
moveto the “collision site.” Thisisany area
whereyou can stand 10 feetfrom a wall and
throw the students’ suited-up eggs. If indoors,
spread newspaper at the base of the wall in
case some of the safety suits haveflaws.

5. Have each team describe its suit and display
its documentation. Then tosstheir suited-up egg

In-Class Activity:
Playing It Safe

againstthe wall. If some of the suitsare not
strong enough to withstand impact, lead a
discussion about what might have gonewrong
in the design or execution of the safety suit.

6. Somegeneral questionsto ask include:

= How did each team decide onthe materials
to use?

= What features were similar in the all
the designs?

= What were some uniquefeatures in
the designs?

= \What kinds of gear do you wear to protect
yourself from impacts?

= \What equipment do athlees in variousspor ts
wear to protect themselvesfromimpact?

Extending the Lesson

1. Brainstorm with students what constitutes a
good safety suitbesides its ability to protect an
athlete from injury. One possibilitymay be light:
ness. Ask studentswhy athletes might care
about the weight of their gear.

2. Have theteams “go back to the drawing
board” to design anew safety suit with an
additional criterion: it must be aslight as
possible—whilestill protecting the egg.

3. Placedll the documentation from the
previous designsin an area where students can
refer toit. After another 20 to 40 minutesfor
designing and constr ucting the new safety suit,
repeat the presentations and field tests. This
time, however, weigh each safety suit (without
the egg) before thefield tests to seewhich
successful suit isthelightest.

In the Exhibit

The Medical Scanne is a futurigtic “ medscanner”
that displaysthe kindsof injuries that real
athletes may suf fer if they are not protected

well enough from theimpacts and other stresses
of their sport.



THE SPORTS CHALLENGE

Science Standards and Concepts
Position and motion of objects;
Momentum, Force

Skills

Cooperativework, Observation, Predicting,
Drawing conclusions, Recognizing cause
and effect

Suggested Time

Part of a class period

Materials
Tape measur e(s), hand weights (optional)

Procedures

1. Introduce the term momentum, whichisan
object’ stendency to keep moving. This activity
will demonstrate how track stars use momentum
to thefull advantage.

2. Divide the class into teams of four to five
students. Tapea lineonthe floor or draw aline
outside on the ground for each team. Have one
student at atime stand behind the line and then
leap asfar forward as he or she can. For this
first part of the activity, students should jump
with their anms kept at their sides. Haveone
teammate measur ethe student’ sjump, from the
lineto thetip of hisor hertoes, andanother
teammaterecord the distance. Teammates
should take turns =0 that everyone has achance

3. Have studentstry leapingthr ee times apiece
in order to get a best distance.

In-Class Activity:
Forward Mo!

4. Forthe next set of threeleaps, have students
try jumping with their arms behind them befor e
they start, and then swinging their armsforward

as they leap out.

5. Some possible questionsto ask in the
debriefing are:
«\What did using your arms do to your distance?

= How have you seen athletes use their bodies
to help them travel faster? Higher?Farther?

Extending the Lesson

Have studentstry thisactivity holding 3- to 5-
pound weights in each hand and swinging their
arms forward asthey leap out. Ask students as
a group to predict what will happen when they
jump.

In the Exhibit

Take aLeap uses a laser detector to meeaure
how high a peson jumpsduring a vertical leap. In
this gportsstation, students will be ableto mees-
ure the dif ference in momentum that using their
ams in aleap makes
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Science Standards and Concepts
Simpleinstruments provide more information
than the senses, There arenormal ranges for
body measurements, Abilities of technological
design; Measurement

Skills

Cooperativework, Categorizing, Predicting,
Measuring

Suggested Time

One to two class periods

Materials

Standard classroom materials such as paper,
sCissors, tape, string, rubber bands, cups,
water, cardboard and paper clips, pluswhatever
less common materials are available and will
stimulate creativity

Procedures

1. Discusswith the class that athletes are
measured for avariety of information. Their
weight is frequently checked; their heightis
par t of their published statistics.

2. Ask studentsto think of other measurements
of an athlete that might be needed to givea
complete pictur eof the athlete' s health or
abilities. Brainstorm a listwith the class,

and then winnow the list downto those ideas
that might be measurable without using some
high-tech device. For example, students might
suggest that it would be useful to measure

an athlete' s peripheral vision.

3. Dividetheclassinto groups and haveeach
group work on designing away to measure a
different one of the functions or abilities they
listed. Encourage thegroupsto come up with
measuring devicesthat they could actually
make. For example a group might test peripherd
visionwith an eyetest given tothe left and right
sides of a person.

In-Class Activity:
Sports Measures

4. Oncethe groups have completed their work,
havethem share their designs and explain both
how they work and why that measurement might
be impor tant.

5. After presentations, discuss issues such as:

<How precticd is each device?

= In which goorts would this messurement
matter agreat deal ? Why?

= In which goorts would this messurement be
of littleimportance? Why?

Extending the Lesson

The educational ef fectiveness of thisactivity
will be greatly enhancedif you have students
actually make their devices and try them out.
When the measuring toolsare displayed, ask
the groups what unexpected problemsthey
encountered when they tried to use their
measuring tool. Based on their experiences,
could the groups go “back to the drawing board”
and improve on their design? How?

In the Exhibit

The Soorts Sizes wdl is arow of lifesized photos
of rea athleges, showing the variety of body
shgpes and Szesinvolved in thedifferent goorts.

Some possible goorts measurements (to trigger
thoughtif the cles shasdif ficulty getting star ted):

* How much air do their lungs hold?

* How accuratdy can they throw?

< How widecan they spread their hands?

< How quickly can they stop when running?
= How =oft asound can they hear?

< How tightly can they grip?

= How eccuraely can they judge digance?
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Science Standards and Concepts
Recognizing and andyzing dtema ive explanations

Skills

Cooperative work, Conducting research,
Graphing, Extrapolating information from
statistics, Hypothesizing, Drawing conclusions

Suggested Time

Par tsof two class periods plustimeto
doresearch

Materias

Reference materials such as almanacs that
list sportsstatistics and/or accessto the
mediacenter’s computersfor research;

a good sitefor studentsis
http://www.infopl ease.com/sports.html

Procedures

1. Divide the class into resear chteams and give
each team a sportto do research about. The
sports must be onesthat both men and women
play. Some possibilities includethe many events
in track and field, speed skating, downhill skiing,
swimming, and paralympics. Your own school
may keep records on its athletic competitions
and could be added tothe list for research.

2. Students must find statisticsrelated to

men’ sand women’ s performancesin their sport
for ten different years. Students should record
the best men'’ s scores/times andthe best
women'’ s scor es/times. Then each research
team should graph theirresults.

3. Have theteams sharetheir graphs
and compare data.

In-Class Activity:
Men vs. Women

4. Amongthe questionsto ask in the
debriefingare:
= Arether e some goort sin which the athletes
areconsigently improving their per formance
over time?

» Arethere some goort sin which there seems
to belittle improvement among athletes?

« Inwhich goorts arewomen’s and men’s
records dos=¢?

< How do you meesure “closeness’?

Extending the Lesson

Asa class, develop two theoriesto explain why
many women’ srecords arecloser to men’s
records today than they were several decades
ago. Possibilities might include that people are
stronger and healthier than they used to be and
that girlsaregiven morechancesto play sports.
Discusswhat evidence studentswould need to
support eachtheory.

In the Exhibit

The Soorts Sizes wdl displeys lifesizephotos
of great ahletes, male and femde Cthe
photosaround the exhibit reinforcetheidea
tha both men and women engagein awide
range of sports
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Science Standards and Concepts
Conducting acientific epeiment;
Biomechanics , Messur ement, Musdes and Foroes

Skills

Predicting, Measuring, Observation,
Drawing conclusions

Suggested Time

1 class period

Materials

Bathroom scal es, photocopies of next page

Procedures

1. Biomechanicsis the sciencethat studies
how to use the human body’ s muscles and
bones most efficiently. Explain that ever yone's
body can provide more or less force depending
on how it is used. To demonstrate this concept,
studentswill measur e forcerelated to the use
of theirarms.

2. Put abathroom scale on a tableor desk.

You may need several depending on the size of
your class. First have studentstest to seeif the
scaleis working accurately. Have astudent put a
heavy book or other weight on the center of the
scale and then move theobject to the four
edges. Ifthe scale showsdiffer ent resultsfor
the different positions, brainstorm away to
make sure that students get accurate measure
ments whenthey use thescale. (One possibility
isto make sure that the students always touch
the center of the scale.)

3. Now have students usethe scaleto test how
hard they can push with one arm in thefollowing
positions. Have them recor d the number of
pounds of force they pushed with. This isthe
highest number at whichthey can keep the scale
steady; they should ignore 1-second peaks. They
can use apicture likethe one onthefollowing
pageto record their results.

In-Class Activity:
Push Power

= Stand fadng the scale at arm’slength and
push down on the scdeas had aspossble

= Turn around with their back to thescale,
stick their aam out backwardsover the sale
and push down.

= Stand way out to oneside and push down
onthescde

= Stand up againg thetablefacingthe scade
and push down.

= Stand sidewaysto thetablewith the scaleby
ther hip and push down.

<9t under thetable reach their arm up and
over to the scale, and push down.

4. Reconvene the dassand ask questionssuch as

= What observationscan you make from the
mesaurements that you took?

= Why isknowledge about how hard
someone can push in different positions
useful to athletes?

e |sit equally useful toathletes in all sports?
Why or why not?

«|sthis knowledge useful to someonewho
desgns gportsequipment?How?

Extending the Lesson

Have students predict wher ethey should stand
relative to the scale to get the strongest possible
push. Then havethem test their predictions.

In the Exhibit

Go Speed Racer isa race between two wheel -
chairs. One isahospital chair andthe other is
a wheelchairthat has been specially engineered
to take better advantage of how ar m muscles
naturally push.
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In-Class Activity:
Push Power

from under
table
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Science Standards and Concepts
Proper tiesof objectsand materials, technologica
design, finished objectsare built up from ampler

componants

Skills
Observation, Predicting

Suggested Time

Par t of aclass period

Materials

Small saw, X-Acto knife, or kitchen knife;
non-hollow sports ball

In-Class Activity:
Dissecting a Ball

Procedures

1. Pass around the ball and ask what students
can observe about it using their senses. Can
they tell anything about theinside? Ifthey say
'no’, prompt with some questions about what
they cantell based onjust feeling/hearing/see-
ing the ball's exterior: couldit haveliquid inside?
Could it be solidsteel inside? Styrofoam?

2. Begin taking the ball apart, cutting open the
outside layer and examining the next layer down.
Ask students if they can figure out what that
layer is made of. How do they think that layer
was put ar oundthe ball?

3. Work your way down layer by layer, comparing
each with the ones already removed.

4. Onceyou have reached the canter, ask Sudants
how many dif ferentmaterid sthe ball is made df.

Extending the Lesson

Based on their obser vations, can students try to
construct a ball using classroom materials?

In the Exhibit

Along the pitching cage are panels showing the
insides of baseballs andtwo differ ent types of
golf balls.
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Science Standards and Concepts
Technological design, science is ahumen
endeavor that happens eva'y day

Skills

Web searching, Writing and summarizing

Suggested Time

1 classperiod

Materias

Web-browsing computers

Procedures

1. Explainto the classthat a patent isa detailed
description of a new invention. The gover nment
grantsthem to thefirst person to come up with a
new invention, and that gives them theright to
be the only person allowed makethat invention
for a certain number of years. Many inventors
sell their patent rightsto bigger companies for
|ots of money, so a patent can be avaluable
thing. New kinds of sports-related equipment
are being invented ever y day, and they receivea
lot of patents.

2. Have students so aweb searchfor patents at
http://www.patents.ibm.com/ They should type
one or twowor ds abouta specific sport into the
search box (not just 'sports’, or they'll get 8000
patents!). The ABSTRACT givesa short descrip
tion of theinvention. VIEW IMAGES (nearthe
top) letsyou see pictures of the invention.

3. Have eachstudent select a patent which
intereststhem andwrite a description of what it
is and how it works in their own words. Have
them include answersto thequestions: What
problem isthe patent trying to solve?ls this
patent similar to anything they've seen or heard
of before? Can they think of a way this patent
could be adapted to adiffer ent sport, or to
something otherthan a sport?

In-ClassActivity:
Sports Inventions

Extending the Lesson

Many patents are only slightimprovements to
something that aready exists; inventorsdon't
alwaysdevelop atotally new idea. Pick some-
thing in the classroom and brainstorm as a
classhow they couldimproveit.

In the Exhibit

The Revolutions in Sportswall shows off
technologies that changed forever how

certain sports were played. The Bionic Athlete
displaysprosthetic devicesthat allow paralympic
athletesto run races and climb mountains.
Other panel sshowcase thetechnology of golf
balls and baseballs.
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