CLEMSON MIDDLE SCHOOL MATHEMATICS PROJECT
UNIT 3: PROPORTIONAL REASONING

PROBLEM 1: HOW MUCH TRASH?
A few years ago, “Newsday” collected and analyzed the trash disposed of by a

family of 6 named Sigmann. Their sudy took place over afour-week period.
A. Congder the data given by “Newsday.” Enter the data into your calculator.

ITEM WEIGHT
Newspapers | 42 1bs. 11 ozs.
Food 42 |bs. 4 ozs.
Paper 32 1bs. 7 0zs.
Padtic 191bs. 11 ozs.
Other 29 |bs.

B. Cdculaethetotal amount of trash produced by the Sgmanns. Determine the
percent of trash each item represents and display the resultsin apie graph.

C. Holbrook, the town in which the Sigmanns lived, had a population of 25,273. If
the Sigmanns were representative of the entire population, determine how much
trash the town produced in four weeks. How much trash would the town have
produced in ayear?

D. At theserates, how much trash would the United States produce in ayear?

E. Creste agraph that relates the amount of trash each person produces and the
number of years the person is aive. Use your graph to determine how much trash
you would have produced by the time you reach your 80" birthday. What
assumptions are you making when you compute this? Do you think these
assumptions are reasonable? Explain.

F. Supposeyou reduce your totd trash by 10% and recycle 40% of what you sill
produce. At this rate, by how much would you reduce your trash during the course
of ayear?
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PROPORTIONAL REASONING
G. If everyoneinthe U.S. dso reduced the total amount by 10% and recycled 40% of

what was il produced, by how much would the trash be reduced during the
course of ayear?

H. Write ashort essay describing how these reductions might be accomplished.

MATERIALS:
Casio Algebra FX 2.0 Grgphing Cdculator

EXTENSION:

1) Asacdlassproject, collect and analyze your own trash over atwo-week period.
Then using your own data, first determine any sgnificant changes that you think
may have occurred since “Newsday” collected their data. Then, answer the
questions above, but use your own town, not the Sigmanns' town. Findly, write
your own questions that might help others become aware of the trash that they
produce.

2) Prepare a presentation for your town or county council to convince them to adopt

arecycling program for your town or county.

REFERENCE: Underganding Rationa Numbers and Proportions, NCTM Addenda
Series, 1996, pp. 32-48.
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PROPORTIONAL REASONING
ONE SOLUTION TO PROBLEM 1: HOW MUCH TRASH?

A. Enter thedatafound by “Newsday” into alist on your calculator.
Because there are 16 ouncesin a pound, al of the measures with ounces can

eadly be entered in pounds by using the fraction capahilities of the Casio Algebra FX

2.0. For example, 42 pounds, 11 ounces can be entered as 42 % . Todo so, smply

press the fraction key after the whole number and again after the numerator. Note that

you do not have to reduce the fractions to enter them, although you may certainly

choose to do so.

ITEM WEIGHT WEIGHT
Newspapers | 42 1bs. 11 ozs. 42 1
16
Food 42 |bs. 4 ozs. 42 4
16
Paper 321bs. 7 0zs. 321
16
Padtic 191bs. 11 ozs. 19£
16
Other 29 lbs. 29

To enter the datainto the calculator, from the MAIN MENU, choose STAT.

(If necessary, press to get the lists screen.) Note that you can enter the datain

fractiona form, however, in the lig, the datawill gppear in decimd form.
X Before entering the data, clear any datafrom List 1. To do o, with the cursor

any placewithin list 1, press | F6

bottom of the screen. Then press

EXE]| to clear thelid.

until DEL-A (delete dl) appears at the

F4| to delete the existing data followed by

X Typein each number, separating the whole number from the fraction and the

numerator of the fraction from the denominator by using the | ab/c| key. For
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PROPORTIONAL REASONING

example, to enter 42%,type42, ablc|, 11, |abl/c|, 16, then |EXE]| . See

below left. After you have completed each number, be sure to press | EXE| .

Thetop of the ligt after dl ertries have been made is shown below right. Note
both decimd and fraction forms for the top entry.

List IJLi%t 2JLi%t J|List U List IJList 2fList J|Lizt U
| | q:
g 2| ug.2h
3 3| 32. 431
y Ul 19. A
5 5 23
42,11.16 42.11.16
TOOLIEDITIDEL IDEL-AI IHE L

B. Calculatethetotal amount of trash produced by the Sigmanns. Determinethe
percent of trash each item representsand draw a pie chart to represent the data.
The one-variable satistics that the Casio Algebra FX 2.0 cdculaesinclude
the sum of the data. After the data have been entered,

x If necessary, press | F6| for more options so that CALC is shown on the

screen. Then press to access the CALC menu.

X Press|4| for Sat. Make surethe IVarXListisset at List 1 (if not, with IVarX

highlighted, press| F1| then [ 1] ) and the frequency is set to 1 (if necessary,

with 1Var Freq highlighted, press |F1| ) so that each vaue is used one time.

See below left. Then press| ESC| to return to the primary Statistics screen.

X Press for calculate and | 1| for one-variable Satistics. See below right.

105~ wList  :flistl 1-Uariable
T =33.2125
ar 1= 1= 4 =166, BE2S
2llar YList List.? mxt  =5385.6874:21
2llar Fres rim =8.63392654
xdn-1 =9, 65302332
i =5 J-
1 ILI=T]
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PROPORTIONAL REASONING
The total amount of trash, represented by the sum, isjust over 166 pounds.
(? x represents the sum of the datain the list.)

X  To figure the percentages for the pie chart, press | MENU| to return to the

Main Menu screen. Choose the RUN-MAT.

X  Enter each weight uang the fraction key, |abl/c|, asbefore, and divide each

weight by thetota ? x from the 1-variable statistics (166).

X Theresults are 25.7%, 25.44%, 19.53%, 11.85%, 17.46% respectively. Thisis
an excellent opportunity to discuss gpproximating parts of the whole with the
students.

X Have students draw a circle and partition the gppropriate amounts for each
percentage. Many of your students will need guidance with how to do this.

For example you may have them notice that the first two percents are about
haf of the whole pie chart. See possible partition below. Guide your students
in completing the pie chart with the remaining percentages. While exactnessis
not the goa, good approximating is, so, for example, be sure no student has
11.85% partitioned in an areathat islarger than any of the others.
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PROPORTIONAL REASONING

C. Hoalbrook, thetown in which the Sigmannslived, had a population of 25,273. If
the Sigmanns wer e r epr esentative of the entire population, deter mine how much
trash the town produced in four weeks. How much trash would the town have
produced in ayear?

If we assume that the Sigmanns would have continued to produce trash at the

same rate, we could solve the following proportion to determine how much trash they
would produce in ayesr.

166.062 pounds , @
Aweeks  52weeks

To solvethis for a, we can multiply both Sdesby 4weeks? 52weeks. Reduce (cancel)
out forms of 1 on both sides, and we have 166.062 pounds ? 52weeks ? a? 4weeks.

We can then divide both sides by 4weeks, obtaining

166.062 pounds? 52weeks , a? 4weeks
Aweeks " Aweeks

Doing the arithmetic from the RUN menu we get a ? 2160 pounds .

Because solving proportions is such a common operation, we sometimes
combine these steps. Notice that our steps are equivalent to cross-mutiplying and
then dividing. In other words, from the proportion we can proceed directly to

a2 166.062 pounds? 52weeks

? 2160 pounds.
4weeks

We till, however, have not answered the question. We can use another
proportion to determine how much trash the entire town would produce in ayear,
assuming again that the rate remains the same. Recdll that there were 6 peoplein the
Sigmann family. Again after setting up the proportion, we can do the arithmetic from
the RUN menu.

6people ,, 25273people
2160pounds z

Solving with our smplified technique, we find that

22 2160 pounds? 25273 people

? 9,000,000 pounds.
6 people
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PROPORTIONAL REASONING
D. At theserates, how much trash would the United States producein a year?
Once again, we can solve a proportion. We will assume the population of the
United States is approximately 280,000,000. The left side of the proportion shown
below is again basad on the Sgmanns.
6 people ~ 280,000,000 people
2160 pounds q
2160 pounds ? 280,000,000 people
6 people
represents 100,000,000,000 (100 billion) pounds of trash.

Solving, wefind that q ? 21?10" pounds . This

E. Createagraph that relatesthe amount of trash each person produces and the
number of yearsthe person isalive. Useyour graph to determine how much
trash you would have produced by thetime you reach your 80" birthday. What
assumptions are you making when you compute this? Do you think these
assumptions are reasonable? Explain.

Before cresting the graph, we must redlize that we are assuming that the rate
of trash creation determined by the four weeks of research is maintained throughout a
person’s lifetime. This may not be redistic, but we should ask oursdves if we have
any evidence to assume that the rates will change.

Fird, let’s determine how much trash a sSingle person is producing each year,

based on our evidence. Again, we can use proportiona reasoning.

6people , 1people
2160pounds ~ z

Solving, we find that a person (on average) produces about 360 pounds of trash per
year.
Before we create our graph, let’s assign variables.
?? Let X represent the age of the person in years.
?? Lety represent the amount of trash the person has produced.
Assuming a congtant rate of 360 pounds per year, we can then relate our two
vaiadles by theformula y ? 360x . To create agraph of this rdationship, from the

MAIN MENU, choose GRPH-TBL. Then,
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PROPORTIONAL REASONING

x  Deete any functionsthat are present by highlighting them and pressng | F2

followed by | EXE| .

X With Y1 highlighted, typein 360x, using the X,2,T Yy forthex, then

press | EXE]| .

X Press|SHIFT | |OPTN | to st the viewing window. The following vaues are

possihbilities. Press | EXE| after each entry. Xmin: -5; max: 85; scl; 10. Leave

dot set asis, usng the down arrow on the disc to bypass. Now set Ymin: O;
max: 807 360 (you might aswdll let the caculator caculate!); scl: 2000.

x  After dl of these entries have been made, press | ESC| and | F5] to view the

graph. See below |eft.

X To trace through the graph, press | F1| and use the arrow keys on the disc to

move the cursor along the graph. See below right for a point that tells us that
by the time you turn 40 you will have produced 14,400 pounds of trash.

TEACEIZ0OMEETCHG-SLYITAEL d=Ul ¥=luuno

Students should note that the graph goes through (0, 0). They should
understand that this meansthat at birth they have yet to produce any trash. They
should aso note that the graph is linear, and goes up 360 pounds for every one year it
movesto the right. With experience, students should recognize that graphs of
proportiond relations (examples of direct variaion) always go through the origin and

arelinear.
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PROPORTIONAL REASONING
F. Supposeyou reduce your total trash by 10% and recycle 40% of what you still
produce. At thisrate, by how much would you reduce your trash during the
course of ayear?

Without reduction, we have found that, based on the rates presented in this
problem, the amount of trash a person produces each year is gpproximately 360
pounds. One way to compuite the results from the suggested reductions isto use the
RUN-MAT modeto find 360?10%? 360, obtaining 324, and then finding
3247 40%7? 324 , obtaining 194.4 pounds.

A smpler way isto recognize that if we reduce the trash by 10%, we ill
produce 90%. If we then recycle 40%, we then continue to produce 60% of the 90%.
In other words, all we need doisfind .607? (.907?360) , which once again gives us
194.4 pounds. Using the associative property, we can determine that by making the
suggested reductions, we will then produce only 54% as much trash as our origina

amount, a reduction of 46%.

G. If everyonein the U.S. also reduced thetotal amount by 10% and recycled 40%
of what was till produced, by how much would the trash be reduced during the
cour se of ayear?

Using the same logic, we smply need to compute 54% of 100,000,000,000.
On the calculator in the from the MAIN MENU choose RUN-MAT. We need to enter
100 hillion in scientific notation. To do so,

X  Press .54, the multiplication symbal, 1, [ EXP|, 11, and | EXE| . See below.

2dx1ell
2.4e+18
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PROPORTIONAL REASONING

Theresultis 5.4?10", or 54,000,000,000 (54 billion) pounds. Although this
is ill ahuge number, it does represent a reduction of 46 hillion pounds, a very
ggnificant amount.

H. Writea short essay describing how these reductions might be accomplished.
Answerswill vary. If desired, this question can be turned into aresearch

project.

Copyright ? 2000 by Clemson U. & Casio, Inc. PROPS-10 Clemson Middle School Project-FX



PROPORTIONAL REASONING

PROBLEM 2: GET THE PICTURE?

A. From left to right, the five peoplein the picture taken by a Casio 8000 digita
camera, are Jeff, Gwen, Jll, Joycdyn, and Ryan, graduate students at Clemson
University. (After the copying process, you can't tell how good-looking these
peopleredly arel). Gwenis5' 3" tal. Use thisinformation to determine the
heights of the other four people. What assumption(s) must you make?

B. A deskis80 centimeterstal. How tal would it be in the picture? What about a
filing cabinet that actudly stands 134 centimeters?

C. Suppose you enlarge the picture in acopier so that it is 120% of its current Size.
How tal would each person, the desk, and the cabinet be in the enlarged picture?

MATERIALS
Ruler
Casio Algebra FX 2.0 Graphing Caculator

EXTENSION
Draw apicture of aright foot 4 incheslong. Cut it out. Measure the length of the
foot of one of the membersin your group. Now construct an entire modd of this person.
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PROPORTIONAL REASONING

ONE SOLUTION TO PROBLEM 2: GET THE PICTURE?

A. From left toright, thefive peoplein the picture, which wastaken by a Casio
8000 digital camera, are Jeff, Gwen, Jill, Joycelyn, and Ryan. (After the copying
process, you can’'t always tell how good looking these peoplereally arel) All are
graduate assistants at Clemson University. Gwen isfive feet, threeinchestall.
Use thisinformation to deter mine the heights of the other four people. What
assumption(s) must you make?

If we assume that dl are standing up straight, that the copying process has not
made any inconsistent distortions, and that we can measure accurately, (assumptions
that may be violated), then we can use proportions to determine the heights of al five.

First, we must measure how tal they appear on the picture. Simply
determining where to measure on atwo-dimensond representation is difficult.
Whereisthe point directly below the top of the head? Answers may vary, but the
authors have obtained the following results

7? Jdf: 87 mm

?? Gwen: 74 mm
?? Jll: 75 mm

?? Joycdyn: 70 mm
?? Ryan: 83mm

Using Gwen's actud height, we can then set up four proportions to determine
the others heights. Since 12 inchesis equd to one foot, Gwen is 63 inchestall.

74mm 5 87mm - 75mm - 70mm 5 83mm
63inches ~ Jeff = Jill " Jocelyn Ryan

263 > A
Solving, we obtain, Jeff ? 87 mm ? 63inches 3Nl 2 75mm ? 63inches
74mm Z74mm
263 .
Jocelyn ? 70mm? 63 nches; Ryan ? 83mm?63i nches.
74mm 74mm

The cdculaions can be done smply in the RUN-MAT mode on the
caculator. We will use the “replay” feature on the calculator to make the work even

faster. If the screen needsto be cleared, press |AC/on| to remove any previous

entries.
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X Typeinthefirg problem, and press | EXE| as shown below left. Thistdlsus

that Jeff is about 74 inches, or 6 feet 2 inchestdl.

X Next pressthe right cursor key (on the disc), usethe | DEL | key to delete the

87 and change it to 75, then press | EXE

as shown below right to find that Jl

is about 63 inches, or about 5 feet 3 inchestall.
x  Continueto pressthe right cursor key, change the first number as needed and

press | EXE| .

4. BETIETIT

= BrEEIS TS

MAaT MAT

4. BETIETIT

After we continue with this procedure, we find the following:

?7? Jeff isgpproximately 74 inches, or 6 feet 2 inches.

?? Jll isgpproximately 63 inches, or 5 feet 3

inches.

?? Jocelyn is gpproximately 60 inches, or 5 feet 0 inches.

?? Ryanisapproximately 71 inchesor 5 feet

11 inches.

It's very tempting to give you the heights that these four report for themselves,

but we will leave the discussion as to the accuracy

up to you.

B. A desk is80 centimeterstall. How tall would i

of these results (and your results)

t bein the picture? What about a

filing cabinet that actually stands 134 centimeter s?
We can use the same techniques we just used if we make sure that we are

consggtent in units. Before setting up the proportions, we' |l change the height of the
desk and cabinet into inches. We must first know that 2.54 centimetersis
gpproximately equivaent to one inch. We can then smply divide 80 and 134 by 2.54.

Alternatively, we can convert to inches by multiplying by a clever form of one. To
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80cm lin

2.54cm
Note that the centimeters “cance” so we're left with inches; our result is equivaent to
80 centimeters, however, because we have only multiplied 80 centimeters by 1. Once
we have obtained our heights in inches we can proceed. The desk is about 31.5 inches
high and the cabinet about 52.8 inches high.

Now we can set up our proportions, using the actud height as the numerator
63in - 31.5n - 52.8in
74mm  desk  cabinet

o .
31.5in ._74mm 2 37mmand cabinet ? 52.8n ? 74mm 5
63in 63in

convert the height of the desk into inches, we can do the following:

and picture height as the denominator: . Solving, we find

desk ? 62mMm

C. Supposeyou enlargethe picturein a copier sothat it is 120% of itscurrent size.
How tall would each person, the desk, and the cabinet bein the enlar ged
picture?

We could set up proportions for dl of these. Alternatively, we could smply
multiply each of the picture heights by 1.2 to obtain the enlarged heights. Rounded to
the nearest millimeter, results are as follows:

?7? Jeff: 104 mm

Gwen: 89 mm

JIl: 90 mm

Jocdyn: 84 mm

Ryan: 100 mm

Desk: 44 mm

Cabinet: 74 mm

¥ ¥ ¥ ¥ 3 3
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PROBLEM 3: PROPORTIONSIN THE WORLD
Solve the following problemsin two different ways. Firs, set up and solve a
proportion. Second, calculate the unit rate for the problem; then, set up agraph and a
table for the problem and verify your earlier solution using both the table and graph.

A. 1n1984-85, Michael Jordan scored 2,313 pointsin his rookie season to lead the
National Basketbdl Association. If he scored this amount in 82 games, in which
he played atota of 3,144 minutes, how many points did he average per game? On
average, how long did it take him until he scored his 10 point in agame?

B. Horence Joyner-Kersee, often caled FoJo, set the world' s record for women in
the 100-meter dash in the trids for the 1988 Olympics with atime of 10.49
seconds. She went on to win three gold medasin the Olympics. If she could have
kept that pace, how long would it have taken her to run a mile? How far could she
have run in an hour?

C. In 1936, Jesse Owens became a hero by winning four Olympic gold medds. His
time in the 100-meter dash was 10.3 seconds, and his time in the 200-meter dash
was 20.7 seconds. Determine his average speed in the two races, expressing your
resultsin miles per hour.

D. Inbaseball, Pete Rose had a career batting average of .303. (This meansthat, on
average, he had 303 hits for every 1000 officid times at bat.) How many hits
would he expect to get in aseason if he averaged 586 at bats in the season? Rose
was mgjor league basebal’ s dl-time hit champion, ending his career with 4,256
hits. Usng the information given, determine how many years he played in the
maors.

E. Onamap of South Caroling, 2.4 centimeters represents 25 miles. The distance
between Clemson, SC, and Columbia, SC, measures 11 cm on the map. How far
apart are the two towns? Would a car ride between the towns be this distance,
shorter, or farther? Why?

F. If you drink six carbonated beverages per week, how many drinks would you
consume over 10 years? How many ounces would you have had, assuming the
drinks were 12 ounces?

G. Create at least three real-world stuations involving proportions.
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PROBLEM 4: CAPTURE-RECAPTURE

Marine biologists estimate the population of many speciesin thewild. For
example, Samue Gruber from the University of Miami in Florida has estimated the
number of lemon sharks in the Bimini Lagoon. In this problem you will conduct a
smulation for estimating such a population. Before you begin, brainsgtorm different
methods a marine biologist might use for making such an estimate. Share your ideas with
your classmates.

WE I now smulate one method of making a scientific etimate of such a
population.

A. Take ashoebox filled with small cubes (oyster crackers, fish crackers, wrapped
candies, and other such things can work too). Open the lid and estimate the
number of cubes you believe are in the box. (This represents your guess asto the
population of lemon sharks.)

B. One person in your group should now pull out a handful of cubes (capture a
sample of the population) and mark them in some way. Depending on what
you' vefilled the box with, you might use a marker or aticker to identify those
you have chosen.

C. Returnthe captured “critters’ to the shoebox (to smulate returning the tagged
animas to the wild). Shake the box to mix the contents thoroughly (smulating the
mixing that would occur in nature).

D. Have each member of your group pick a handful from the shoebox (recapturing a
sample from the population) and note the number of “critters’ that have been
tagged and the total number in the handful. Repest this severd times, being sure
to shake the box before each person has picked a handful.

E. Usedl of theinformation you have collected to estimate the Sze of the
population. (Suggestion: the RUN-MAT and STAT menus of the Algebra FX 2.0
can be very helpful.)

F. Fndly, count dl of the“critters” Compare thiswith your initid estimate and
then with your mogt scientific estimate.

G. Comment on how effective you think this technique might be. Include in your
discussion the cautions that must be taken so the animals are not put at risk.
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REFERENCE: Understanding Rational Numbers and Proportions, NCTM Addenda
Series, 1996, pp. 57-60.
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TEXT SECTION CORRESPONDENCES
The materids in this module are compatible with the following sectionsin the

listed texts.
TEXT SECTION
AW — Foundations of Algebraand Geometry (1998) 21;41;6.1-2
Glencoe — Mathematics Applications and Connections C1 (1995) 5365 3.9-10; 6.10-11; 10.1-2; 11.3;

Glencoe — Mathematics A pplications and Connections C2 (1995)

3.7,4.7;,64; 11.1-5; 12.6; 14.3-5

Glencoe — Mathematics A pplications and Connections C3 (1995)

5.6; 6.6; 9.1-3; 9.5; 10.7; 11.3; 13.5-8

Houghton Mifflin— The Mathematics Experience | (1992)

5.7;5.11; 7.1, 9.2-6; 9.8/ 9.10-11,
11.1-2,11.6; 11.8; 15.5

Houghton Mifflin— The Mathematics Experience 1 (1992)

1.10; 3.6; 3.8; 4.5; 9.3-4; 9.6-7; 10.6;
10.12; 10.14-15; 14.4

McDougal Littell — Gateways to Algebra and Geometry (1994)

32,42-6;5.1;82;,11.7

Prentice Hall — Middle Grades Mathematics C1 (1995)

17,54, 56-7, 7.10; 9.1-3; 9.5; 9.7,
911

Prentice Hall — Middle Grades Mathematics C2 (1995)

3.10; 4.10; 8.2, 9.1-4; 9.9, 9.12

Prentice Hall — Middle Grades Mathematics C3 (1995)

5.2, 6.2-3; 6.8; 7.3; 8.1-6; 10.3

SFAW — Middle School Math C1, V1 (1999) 211,43,5.7
SFAW — Middle School Math C1, V2 (1999) 10.1-8

SFAW — Middle School Math C2, V1 (1999) 6.1-8

SFAW — Middle School Math C2, V2 (1999) 75-10; 85-6; 11.5
SFAW — Middle School Math C3, V1 (1999) 517

SFAW — Middle School Math C3, V2 (1999) 10.1-2

SFAW: UCSMP — Transition Mathematics, Part 1 (1998) 27,42-3,47

SFAW: UCSMP — Transition Mathematics, Part 2 (1998)

95;10.3;11.59;12.1
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