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The Tragedy of Tar Creek
Dmitriy Chebanov
Department of Mathematics, Engineering, and Computer Science

Objectives 
This activity is designed to strengthen students’ ability 
to compute rates and ratios and solve proportions with 
decimals. Students will extract data from readings in 
two different contexts and apply their problem solving 
skills to the quantitative analysis of this data. 

Refl ection
Developed as a supplement to regular coursework, this 
activity contextualizes problems with decimals. 

Each problem consists of a reading and a set of ques-
tions. The fi rst reading, a portrait of the world’s fastest 
humans, serves as a motivator and a trial run for the 
second reading, which focuses on the environmental 
disaster at Tar Creek and many other poisoned waste-
lands Americans deal with every day. 

After reading each story, students are asked to work 
with numerical data, using the same mathematical 
tools to answer a set of related questions. For most stu-
dents, fi nding the necessary data in the text is usually 
the most challenging component of the activity. This, 
therefore, requires special attention from the instructor. 
Once the data is extracted successfully from the text, students usually feel comfortable complet-
ing the rest of the assignment. This activity will encourage students to learn to read critically 
and use the tools of basic mathematics to analyze the information they are exposed to during 
the course of everyday life. 

Activity Overview
This activity should be implemented in the course of three scaffolded lessons that offer students 
the opportunity to apply the mathematical knowledge and skills they learned in class. During 
the fi rst lesson, the instructor introduces the activity and assigns Reading #1, “The World’s Fast-
est Human,” for homework. A portion of the second lesson (about 30 minutes) is spent discuss-
ing this article and answering the follow-up questions on Handout #1. The instructor should 
guide the students as they work on the questions. 

For the second part of the activity, students read the second article, “The Tragedy of Tar Creek,” 
and then do the exercises on Handout #2. It is best to assign this part of the activity for home-
work. Students are asked to submit a written report containing their answers to the questions 
listed in Handout #2 and their refl ections on the reading material. 

During the third lesson, students report on their work and refl ect on their experience. 

 

Math Topics
Rates, ratios, decimals, and proportions

Purpose
Synthesis

When to Introduce 
Week 7 (or when the topic “Problems 
with Decimals” has been covered)

Activity Time Frame
Three lessons: assign reading on the 
fi rst day, solve problems in class on 
the next, and collect the homework 
assignment on the fi nal day.
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Materials and Resources
• Handout #1: Chart of Sprinters’ Achievements and Questions

• Reading #1: Altman, A. (2009, August 18). The world’s fastest human. TIME. Retrieved Janu-
ary 14, 2011, from http://www.time.com/time/arts/article/0,8599,1917099,00.html

• Handout#2: Charts of Superfund Sites and Questions

• Reading #2: Roosevelt, M. (2004, April 26). The tragedy of Tar Creek. TIME. Retrieved Janu-
ary 14, 2011, from http://www.time.com/time/magazine/article/0,9171,993911,00.html
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Handout #1   
Chebanov | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

First, read the article, “The World’s Fastest Human,” a story by Alex Altman. Then, consult the 
following chart containing the names of world-renowned sprinters along with some of their 
achievements. 

Using both the reading and the chart, answer the following questions:
1. What was Usain Bolt’s average speed when he ran the 100-m dash in Berlin?

2. If he maintained this speed during the 400-m race, how long would it take him to fi nish?

3. In which race did he run faster: the 100-m dash in Berlin or when he set his 200-m world 
record?

4. Put the sprinters listed in the chart in ascending order: from the slowest [top] to the fastest 
[bottom].

5. In the 100-m race, how much faster was Usain Bolt in 2009 than Charley Paddock in 1921?

Chart of sprinters’ achievements

Name Achievements

Usain Bolt The Jamaican sprinter also owns the 200-m mark: 19.30 sec.

Charley Paddock A 100-m gold medalist at the 1920 Olympics

Ben Johnson He ran the 100-m in 9.79 seconds at the 1988 Olympics in Seoul.

Carl Lewis A nine-time gold medalist, he set a 100-m world record by running a 
9.86 in 1991.

Michael Johnson The gold-shoed speedster ran a scorching 19.32 in the 200-m dash in 
1996, spurring some to tout him as the world's fastest human.
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Reading #1: The World’s Fastest Human 
Chebanov | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

Source: Altman, A. (2009, August 18). The world’s fastest human. TIME. Retrieved January 14, 
2011, from http://www.time.com/time/arts/article/0,8599,1917099,00.html 

The World’s Fastest Human
By ALEX ALTMAN Tuesday, Aug. 18, 2009  

He shocked everyone but himself. Less 
than a year after blazing into history 
by setting a world record in the 100-m 
dash at the Beijing Olympics, Usain 
Bolt broke his own mark on Aug. 16 in 
Berlin. At the same site where American 
Jesse Owens upstaged Adolf Hitler 73 
years ago, Bolt shaved more than a tenth 
of a second off his own record, clock-
ing an absurd 9.58 seconds. Never shy 
about touting his talent, Bolt hinted at 
even greater successes ahead. “I think 
it will stop at 9.4, but you never know,” 
he said. At this point, nothing seems 
impossible for the lanky, 22-year-old 
Jamaican, whose win cemented his place 
in track-and-fi eld lore, and left no doubt 
that he owns the sport’s most fabled 
title: World’s Fastest Human. 

Only 17 men have staked claim to the 
honor, which has grown in stature since 
Donald Lippincott became the fi rst offi cial world-record 
holder in the 100-m dash at the 1912 Stockholm Olym-
pics. Lippincott, a student at the University of Pennsyl-
vania, was an unlikely winner: a supplementary member 
of the U.S. Olympic team, he was allowed to compete 
in the event only after he agreed to pay his own way to 
Sweden. After shocking observers by running a 10.6 in a 
preliminary heat, Lippincott fi zzled in the fi nal, fi nishing 
third. Still, his mark stood until his compatriot, Charley 
Paddock, topped him by notching a 10.4 at a meet in Cal-
ifornia nine years later. The reigning Olympic champion, 
Paddock won attention as much for his prerace habits 
as for his speed; the colorful sprinter was renowned for 
quaffi ng a sherry mixed with raw egg before entering the 
blocks. (Read about Bolt’s record-breaking performance 
in Beijing.)

In 1930, Percy Williams, a Canadian, became the fi rst 
non-American to take the title. Six years later, Owens 
took the record back with a 10.2-second time — part 

of the epic performance in Berlin in which the sprinter 
notched four gold medals and punctured Hitler’s vision 
of Aryan supremacy beneath the Fuhrer’s scornful gaze. 

Owens, who famously said the secret to his success 
was to “let my feet spend as little time on the ground 
as possible,” helped usher in a fl eet of impossibly swift 
African-American sprinters. Among then was Bob 
(Bullet) Hayes, who won the gold medal in the 100-m 
sprint at the 1964 Olympics in Tokyo and recorded what 
some observers consider the top time ever achieved by 
a human with an 8.6 split in the 4 x 100-m relay. (Relay 
marks are faster than regular sprints because runners 
receive the baton while in motion, enabling them to 
accelerate quicker.) Hayes later parlayed his speed into 
a career as a wide receiver for the Dallas Cowboys; his 
passing in 2002 prompted one columnist to remark that 
Death must have tied his shoelaces together to catch 
him. In the 1980s and ‘90s, Leroy Burrell and Carl Lewis 
both held the World’s Fastest Human title twice, and 
Lewis, in particular, converted the title into endorse-

Jamaica’s Usain Bolt celebrates winning the 100-m fi nal at the 12th 
IAAF World Championships in Athletics, Berlin
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Read more: http://www.time.com/time/arts/article/0,8599,1917099,00.html#ixzz18xaUhjjn

ment riches. At the Atlanta Olympics in 1996, Canadian 
Donovan Bailey snatched the mantle by speeding to gold 
in 9.84 seconds, earning himself a spot in a 150-m duel 
with Michael Johnson, the gold-shoed sensation who set 
Atlanta ablaze by running the 200-m event in a record-
setting 19.32 seconds. But the race, which took place in 
June 1997 at the Toronto Skydome, was an unmitigated 
bust; fans derided the event as a corporate showcase 
that sullied the sport, and Johnson pulled up lame with a 
quadriceps injury halfway through.

It was one in a series of recent low moments for 
sprinting’s most exclusive fraternity. “I’ll tell you this: 
once you become that, you can only go down,” Hayes 
told Sports Illustrated in 2001. Shaving fractions of a 
second off a speed at which humans aren’t built to go 
isn’t easy, and several title holders have crumbled under 
the pressure. In 1988, Jamaican-born Canadian Ben 
Johnson clocked a scorching 9.79 at the Seoul Olympics, 
but quickly had his record expunged after testing positive 

for the anabolic steroid stanozolol. Johnson wasn’t the 
last World’s Fastest Human to succumb to the lure of 
steroids. American sprinter Justin Gatlin, who ran a 9.77 
at a meet in Qatar, is serving a four-year suspension for 
doping, and Tim Montgomery — who called the title the 
“top of the food chain” in sports — was ensnared in the 
BALCO steroid scandal and stripped of his record. He 
is currently serving time in an Alabama prison for bank 
fraud and heroin distribution. 

Thanks to Bolt, a 6 ft. 5 in. blur known to punctuate 
his victories with biceps curls, track fi nally has the savior 
seemingly capable of resurrecting its fortunes. Charis-
matic, telegenic and steroid-free — he has passed every 
test administered to him and attributed his win in Beijing 
to a steady diet of chicken nuggets — the colorful star 
has outsize talent and a personality to match. “I just blew 
my mind and blew the world’s mind,” Bolt said after rac-
ing to glory last August. On Aug. 16 he did it again. 

MAT095 Supplement 
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Handout #2   
Chebanov | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

Using both Reading #2, “The Tragedy of Tar Creek,” and the charts above, answer the following 
questions:
1. What is the ratio of the Superfund locations in Florida to all Superfund sites? What is the 

ratio of the Superfund locations in New York to all Superfund sites?

2. a) Starting from 1980, what is the average rate of cleanup per year ?
 b) On average, how much faster were Superfund sites cleaned up under President Clinton?

3. a) What is the ratio of the Superfund sites currently being cleaned up to the total number 
of sites that are on the list now?

b) How would this ratio change if all eligible sites were listed?

4. a) According to the charts, how many Americans were living within four miles of a Super-
fund site in 2005?

b) According to the reading, what was the ratio of Americans living within four miles of a 
Superfund site to the total number of Americans in 2005?

c) Using your answers to parts (a) and (b), fi nd the population of the United States in 2005.

5. a) How much money has been spent under the Superfund program since 1980?
b) What fraction of this amount went towards repairing Tar Creek?

The Hot Spots
Sixty-fi ve million Americans live within four miles of a Superfund site. The top ten states

New Jersey 113 Florida 51

California  96 Washington 47

Pennsylvania  92 Texas 43

New York  90 Illinois 40

Michigan  67 Wisconsin 39

Superfund by the Numbers

Number of sites on the priority list since 1980 1,518

Number of Superfund sites listed today 1,240

Number of sites cleaned up and deleted from the list 278

Number of sites currently being cleaned up 622

Number of years, on average, it takes to decontaminate a site 11

Number of highly toxic sites eligible for listing 2,500

Decline in Superfund appropriations since 1993, adjusted for infl ation 35%

Number of cleanups completed in the 2003 fi scal year under President Bush 40

Average number of annual cleanups under President Clinton 76
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Reading #2: The Tragedy of Tar Creek  
Chebanov | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

Source: Roosevelt, M. (2004, April 26). The tragedy of Tar Creek. TIME. Retrieved January 14, 
2011, from http://www.time.com/time/magazine/article/0,9171,993911,00.html

Note to students: Read the entire article, but pay special attention to the highlighted paragraphs.

The Tragedy Of Tar Creek
By MARGOT ROOSEVELT/PICHER, OKLA. Monday, Apr. 26, 2004   

To get a better view of the situation, John Sparkman guns 
his fl ame-red truck up a massive pile of gravel. From the 
summit, a lifeless brown wasteland stretches to the hori-
zon, like a scene from a science-fi ction movie. Mountains 
of mine tailings, some as tall as 13-story buildings, others 
as wide as four football fi elds, loom over streets, homes, 
churches and schools. Dust, laced with lead, cadmium 
and other poisonous metals, blows off the man-made 
hills and 800 acres of dry settling ponds. “It gets in your 
teeth,” says Sparkman, head of a local citizens’ group. “It 
cakes in your ears and hair. It’s like we’ve been environ-
mentally raped.”

Hyperbole? Drive through the desolate towns around 
Picher, Okla., and you might think differently. This is eco-
assault on an epic scale. The prairie here in the northeast 
corner of the state is punctured with 480 open mine shafts 
and 30,000 drill holes. Little League fi elds have been built 
over an immense underground cavity that could collapse at 
any time. Acid mine waste fl ushes into drinking wells. When 
the water rises in Tar Creek, which runs through the site, a 
neon-orange scum oozes onto the roadside. Wild onions, a 
regional delicacy tossed into scrambled eggs, are saturated 
with cadmium--which may explain, local doctors say, why 
three different kidney dialysis centers have opened here to 
serve a population of only 30,000.

But the grimmest legacy of a century of intensive 
lead and zinc mining are the “lead heads,” or “chat rats,” 
as the kids who grew up around here are known. As 
toddlers, they played in sandboxes of chat--the pow-
dery output of mills after ore is extracted from rock. As 
preteens, they rode their bikes across the gravel mounds 
and swam in lime-green sinkholes. Their parents used 
mine tailings to make driveways and foundations, never 
thinking that contaminated dust might blow through the 
heating ducts of their ranch houses. In the past decade, 
studies have shown that up to 38% of local children have 
had high levels of lead in their blood--an exposure that 

can cause permanent neurological damage and learning 
disabilities. “Our kids hit a brick wall,” says Kim Pace, 
principal of the Picher-Cardin Elementary School. “Their 
eyes skip and jump. It takes them 100 repetitions to learn 
a sound.”

At her kitchen table, Evona Moss helps her son 
Michael, 10, with his homework. Michael grew up across 
the street from a chat pile, and at one point the third-
grader’s lead levels measured 40% above the Centers for 
Disease Control’s danger level. He repeated kindergar-
ten. “I used to think he was lazy,” says his mother, “but 
he tries so hard. One minute he knows the words, and 
a half-hour later he doesn’t. Every night he kneels down 
and prays to be a better reader.” 

It wasn’t supposed to be like this. In 1980, Congress 
passed the Comprehensive Environmental Response, 
Compensation and Liability Act--commonly known as the 
Superfund law--one of the boldest environmental statutes in 
U.S. history. It was a law designed to fi t all circumstances. It 
covered existing plants whose owners could be forced to clean 
up their dumps. It covered polluted sites long since abandoned 
by their owners: defunct factories, refi neries and mines. Even 
when companies followed the standard, if dubious, practices 
of the day--dumping toxic waste in rivers, burying it in leaky 
drums or just leaving it, as in Oklahoma, to blow in the 
wind--they would be held accountable. And if they refused to 
clean up their messes, the Environmental Protection Agency 
(EPA) would do so for them and charge treble damages for its 
trouble. In the event that the perpetrators had disappeared or 
gone out of business, a general tax on polluting industries--a 
“Superfund”--would pay to fi x the damage.

But today Superfund is a program under siege, plagued 
by partisan politics, industry stonewalling and bureaucratic 
inertia. The U.S. government has spent $27 billion on the 
effort and forced individual polluters to spend an additional 
$21 billion. Love Canal, the deadly dump in New York State 
that spurred the law’s passage, has been capped with a layer 
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of clay, and the EPA proposed last month to take it off the list. 
So far, 278 sites have been delisted. But there are thousands 
more out there. According to the General Accounting Offi ce 
(GAO), 1 out of 4 Americans still lives within four miles of 
a Superfund site--many of them killing fi elds saturated with 
cancer-causing chemicals and other toxins. 

The GAO reports that the program’s budget fell 35% in 
infl ation-adjusted dollars over the past decade. And envi-
ronmentalists say that Bush appointees are slowing the pace 
of cleanups and failing to list potential new sites. According 
to the EPA’s inspector general, 29 projects in 17 states were 
underfunded last year. The Administration, charges New 
Jersey Senator Frank Lautenberg, a Democrat, has “allowed--
deliberately--these sites to rot where they are.”

Tar Creek is a case in point. Two decades after it was 
targeted on the very fi rst Superfund priority list, the 
40-sq.-mi. site is worse off than ever. Early on, the gov-
ernment confi ned its effort to the polluted creek, without 
looking at chat piles, soil, air quality or the danger of 
subsidence. Was it a lack of knowledge of the danger, as 
EPA claims? Or industry infl uence, as environmentalists 
charge? Whatever the reason, federal attorneys settled 
with mining companies for pennies on the dollar. Now, 
after fruitless efforts to contain 28 billion gal. of acid 
mine water, contamination is spreading across a vast 
watershed. And although the EPA trucked out toxic 
dirt from about 2,000 homes and schools, Tar Creek’s 
children still show elevated lead levels at six times the 
national average.

Administration offi cials say they are cleaning up the 
nation’s 1,240 highest-priority sites as fast as they can. 
But that will be harder, since the multibillion-dollar 
industry-paid trust fund, set aside for abandoned sites 
such as Tar Creek, ran dry in October. The fund was 
supplied by taxes on the purchase of toxic chemicals and 
petroleum and on corporate profi ts above $2 million. But 
the Republican-led Congress allowed the fees to expire 
in 1995. Bush is the fi rst President to oppose the levies, 
and last month Lautenberg and other Senate Democrats 
lost a narrow vote to reinstate them. In protest, the Sierra 
Club aired “Make Polluters Pay” TV ads in Pennsylvania, 
Florida and Michigan--all swing states. And on April 
15, tax day, activists in 25 states picketed post offi ces 
to object. “We went from polluters paying to citizens 
paying,” says Oklahoma environmentalist Earl Hatley. 
“Now EPA doesn’t have the money for megasites like Tar 
Creek.”

Meanwhile, Superfund defenders in Washington are 
bracing for a new battle: a Bush-appointed advisory com-

mittee, which they claim is heavily stacked with corpo-
rate members, issued a report last week that pushes for 
administrative changes. “It is a wonky thing,” says Julie 
Wolk of the Public Interest Research Group. “But it could 
dramatically weaken the program.” Companies want to 
limit liability and shift responsibility to the states, where 
rules are more fl exible. Federal standards are “rigid 
and extreme,” says Michael Steinberg of the Superfund 
Settlements Project, an industry group that includes 
General Electric, DuPont and IBM. “Groundwater must 
meet standards for tap water, even though at many of 
these sites no one drinks it. Soil at many sites must be 
clean enough so people could play in it. The costs exceed 
the benefi ts.”

With the EPA’s clout slackening, private attorneys are 
moving in. At Tar Creek, lawyers are suing seven mining 
companies on behalf of scores of lead-exposed children. 
A separate suit demanding a cleanup was fi led by the 
Quapaw Indians, whose land was leased for the mines. 
And environmentalist Robert F. Kennedy Jr. has joined a 
class action to force companies to relocate the population 
of two polluted towns, Picher and Cardin. Court papers 
suggest that mining executives knew as early as the 1930s 
that the contaminated dust was dangerous but sought to, 
in their words, “dissuade” the government from interven-
ing. A mining-company lawyer says the charge is based 
on “out-of-context reading” of historical documents.

Just how dangerous that dust might be is still a mat-
ter of dispute. Doctors at the Harvard School of Public 
Health have begun extensive studies in Tar Creek, not 
just of lead exposure but also of the cocktail mix of lead, 
manganese, cadmium and other metals that interact in 
unknown ways. “We’re looking at four generations of poi-
soning,” says Rebecca Jim of the L.E.A.D. agency, a local 
group. Meanwhile, parents like Evona Moss wonder what 
else the toxic brew might have done. Did it cause her 
obesity and bad teeth? Is it responsible for the malfor-
mation of her daughter’s shins? Does her baby’s asthma 
come from the chat? Her nephew’s cancer? No one knows 
because no one has done careful, long-term studies. 

Tar Creek is an extreme case. But like Tolstoy’s 
unhappy families, every Superfund site is tragic and 
contentious in its own way. In Libby, Mont., a massive 
mine blanketed the town with asbestos dust, killing at 
least 215 people and sickening 1,100 more with cancer 
and lung disease--yet cleanup funds have been cut so 
sharply that it could take 10 to 15 years to fi nish the job. 
In Coeur d’Alene, Idaho, miners dumped 60 million 
tons of toxic metals into waterways, but state offi cials 
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are fi ghting a Superfund cleanup, fearing a stigma that 
might hurt tourism. In New York, General Electric, 
which contaminated 40 miles of the Hudson River with 
cancer-causing PCBs, has hired high-profi le attorney 
Laurence Tribe to convince federal courts that the Super-
fund law is unconstitutional. And in New Jersey, where 
the rabbits frolicking around the Chemical Insecticide 
Corp. plant once grew green-tinged fur, cleanup funds 
were restored only after locals sent green plush bunnies 
to members of Congress.

At Tar Creek, many residents have given up hope. Even 
the EPA, which has spent $107 million at the site, isn’t sure 
if it can ever be repaired. “We don’t have an off-the-shelf 
remedy,” says EPA Superfund offi cial Randy Deitz. “What 
do you do with the enormous chat piles? When does cleanup 
become impracticable? We have limited resources.” In a show 

of no-confi dence, the Oklahoma legislature last week passed 
a $5 million buyout for all families with children under 6. 
John Sparkman, who heads the Tar Creek Steering Commit-
tee, a group of buyout supporters, veers between cynicism and 
despair. “They think we’re poor white trash,” he says bitterly, 
driving past Picher’s boarded-up storefronts. “The votes here 
don’t affect any federal election--so why bother? We’ve agi-
tated till we can’t agitate anymore.” Meanwhile, at Tar Creek, 
the toxic dust keeps blowing in the wind.

Read more: http://www.time.com/time/arts/article/0,8599,1917099,00.html#ixzz18xaUhjjn
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Pencils and Trees 
Marina Nechayeva
Department of Mathematics, Engineering, and Computer Science

Objectives 
Students will see how topics they learn in class tie in 
together and can be used to solve real life problems. 
They will practice their skills and reinforce their abil-
ity to solve multistep word problems involving pro-
portions, operations with decimals, fi nding averages, 
evaluating algebraic expressions and approximating. 

Refl ection
In this activity, students tackled problems which 
required them to go through a sequence of steps to 
arrive at an answer. Rather than simply following 
the steps handed to them by the instructor, working 
in small groups, students were prompted to come up 
with the sequence of steps on their own. This task is 
quite challenging for many students who are not used 
to solving multistep problems this way. While some 
resented the diffi culty, the majority found the task quite 
engaging. In this process, the instructor must offer con-
siderable assistance to groups and alternate between 
group work and classroom discussion. 

The main purpose of this activity was to develop stu-
dents’ problem solving skills, one of the most critical goals of the course. The students showed 
clear, sometimes dramatic improvement in their problem solving ability. Some students, who 
had not even attempted to do word problems on the midterm exam or had simply guessed the 
answers, did well on the fi nal exam.

This activity also served to develop and reinforce the students’ computational skills. While 
engaged with the project, students demonstrated marked improvement in their ability to per-
form arithmetic operations with decimals. However, the long term effect of the activity in this 
area was not as signifi cant as I had expected: 2 weeks after the end of the activity, some students 
appeared to have forgotten how to divide two decimals. On the other hand, the students’ under-
standing of the conversion of units of measurement improved noticeably and lasted at least 
until the end of the course. 

I was surprised to fi nd that most students were completely unfamiliar with the metric system. As 
a result of this exercise, many acknowledged that calculations were easier in the metric system. 

Overall, students responded positively to the activity. They enjoyed watching the video and 
appreciated the absence of reading tasks. The biggest challenge was to make sure students 
completed all parts of the assignment and assembled their work in the digital format to be 
deposited in their e-Portfolios by the deadline. Posting the handouts on Educo was helpful but 
not suffi cient. 

Math Topics
Applications with decimals. Averages, 
approximation, proportions, unit 
conversion, area and volume formulas, 
evaluating algebraic expressions

Purpose
Synthesis of math topics

Comments
Rather than focusing on any one 
particular topic, this activity is 
designed to enhance students’ 
problem solving skills 

When to Introduce 
Week 8, or after operations with 
decimals have been covered 

Activity Time Frame
About 4 hours, over a period of 2 
weeks
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 Activity Overview

Step 1 – Introduction and Motivation (5 min)
First, students are asked to guess what 500 year-old small portable device is still widely used 
today and can be found in offi ces, classrooms, hospitals, court-rooms, libraries, space-stations 
and just about anywhere else. The instructor elicits and/or provides the answer (a lead pencil) 
and asks students to guess how many pencils are produced each year in the U.S. For all the 
remaining activities, students alternate between group work and whole class discussion. 

Step 2 – Group Work (10 min.)
Students work together on Handout #1 to decide what additional information they need, and 
what steps they must take to answer Question #1: How many pencils are made in the U.S. each 
year?

Step 3 – Class Discussion (10 min.)
Students share ideas about the “missing” information (such as, the length of the equator, the 
length of a pencil, and conversion factors for unit) which students can either quickly fi nd on the 
Internet or which can be provided by the instructor. 

Step 4 – Group Work (20 min.)
Groups are assigned either Handout #1A (English system) or Handout #1B (metric system) to 
calculate the number of pencils produced each year in either the English or the metric system. 

Step 5 – Homework
Students complete both handouts. For extra credit, students write a refl ection essay in which 
they discuss the discrepancy between the two estimates, and the advantages/disadvantages of 
working with the metric system.

A similar pattern of small group and whole class discussion is followed in the second and third 
classes. First, the class checks the homework. Students then watch the video How Pencils Are Made 
at http://science.discovery.com/videos/how-its-made-pencils.html. The instructor and students 
comment on the video and exchange additional facts about the trees used to make pencils. 

The instructor then poses Question #2: How many trees are cut yearly for the purpose of mak-
ing pencils? This initiates another cycle in which students work in small groups to fi gure out 
what additional information they need to answer that question (see Handout #2), and share 
their ideas as a class. Two separate groups are assigned Handouts #2A (English system) and #2B 
(metric system). Two group representatives present their group fi ndings and record them on the 
board. The results from groups that worked on the same task are compared and summarized. 
The class discusses the steps required in putting the data together to answer Question #2. 

 Handouts #3 (homework) and #4 (extra-credit homework) are distributed and Handouts 2 and 
3 are posted on Educo. The homework is presented and discussed during the third class. Students 
are urged to deposit their homework in their ePortfolios, including Handout #4 for extra credit, 
by the deadline. 
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Pencils and Trees

Materials and Resources
• Handout #1: How many pencils are produced in the USA each year?  

– Handout #1A: Number of pencils calculated in the English system
– Handout #1B: Number of pencils calculated in the metric system

• Handout #2: How many trees are cut down to produce that many pencils?
– Handout #2A: Volume of a California Incense Cedar Tree (English system) 
– Handout #2B: Volume of a Pencil Slat (metric system) 

• Handout #3: Homework – How many trees are cut down in the US each year to make 
pencils?

• Handout #4: Extra Credit – Estimating the Age and Growth Rate of the California Incense 
Cedar Tree

• The Science Channel Videos. (2009, July 24). How it’s made: Pencils [Video fi le]. Retrieved 
January 28, 2011, from http://science.discovery.com/videos/how-its-made-pencils.html

• Suggested websites: 
– California Cedar Products Company. (2000).  Retrieved January 28, 2011, from 

http://www.calcedar.com/
– Pencils.com. (2010). Retrieved January 28, 2011, from http://www.pencils.com/

MAT095 Supplement 
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Pencils and Trees

Handout #1 
Nechayeva | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

Question #1: How many pencils are produced in the USA in one year?

Fact 
The number of pencils produced in the USA in one year is suffi cient to circle the Earth (around 
the equator) NINE TIMES, putting pencils tip to end.

Handout #1A (English system)
• A standard pencil is about 7 inches long. 
• The Equator is approximately 24,901.5 miles in length.
• 1 mile = 5,280 ft.

Handout #1B (metric system)

Facts
• A standard pencil is about 18.3 cm long.
• The length of the Equator is approximately 40,075 km.
• 1 km = 1000 m

What additional information do we need? What steps do we need to take?
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Handout #2 
Nechayeva | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

Question #2: About how many trees are cut to make that many pencils?

Facts
• Approximately 2,040,000,000 pencils are made in the USA each year.
• Almost all pencils are made from California Incense Cedar trees, which are considered a 

renewable resource and are sustainably harvested. 
• The average life span of a California Incense Cedar is close to 1,000 YEARS! 
• The trees are cut and made into pencil slats; 9 pencils come out of each slat.
• You can get additional facts about California Incense Cedar trees at www.calcedar.com. 

Handout #2A: Volume of a California Incense Cedar Tree (English system)

Fact: The height of a mature cedar tree ranges from 40 to 50 ft, while its diameter measures 8 
to 12 ft. 
1. Find the average height, h, and the average radius, r, of a mature cedar tree. 
2. Use the values you obtained for r and h with the formula V=1/3 ϖ r2 h to estimate the 

volume, V, of timber produced from 1 cedar tree (in ft3). Use ϖ =3.14. Round the answer to 
the nearest integer.

3. If v is the volume of wood (in ft3) in one pencil slat, give an expression for n, a number of 
slats produced from one tree. 

Handout #2B: Volume of a Pencil Slat (metric system)

Facts
• A standard slat for making pencils is a 0.5 cm thick rectangular piece of cedar wood, 18.3 

cm long and 7.2 cm wide. 
• Each standard slat is used to produce 9 pencils. 

1.  Compute the amount (volume) of wood contained in one pencil slat (in cm3). Round to the 
nearest integer. 

2. If V is the volume of timber produced from one cedar tree (in cm3), give an expression for n, 
the number of slats produced from 1 tree.

Pencils and Trees

What additional information do we need? What steps do we need to take?

MAT095 Supplement 
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Pencils and Trees

Handout #3 – Homework 
Nechayeva | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

In Handouts #1, 1A, and 1B, you fi gured out how many pencils are made each year in the USA. 
Using that number, and the work you did on Handouts #2, 2A, and 2B, you can now answer the 
question: About how many trees are cut to make that many pencils? 

Suggested Steps
1. Find n, the number of slats obtained from one tree and round to the nearest thousand.

2. Find N, the number of pencils obtained from one tree. 

3. Find the number of trees cut to make all the pencils. 
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Handout #4 – Extra Credit
Nechayeva | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

Estimating the Age and Growth Rate of the California Incense Cedar Tree

Facts (Source: www.calcedar.com)
• The normal life span of a cedar is 500-1,000 years. 
• Cedars grow to be 70-150 ft tall. 

1.  A cedar tree grows pretty fast, at a rate of 8–12 inches per year until it reaches 6 ft. Estimate 
how long it takes a cedar to reach the height of 6 ft.

2. After the initial “growth spurt,” the growth rate of a cedar slows to a crawl. Assume a cedar 
tree is 100 ft tall at 600 years. What was its average rate of growth, after it attained the 
height of 6 ft?

3. Use this fi gure to estimate the age of a 45 ft tall cedar tree (45 ft is the average height of a 
tree cut to make pencils.)

Pencils and Trees
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Answer Key 
Nechayeva | Introduction to Algebra – Energy and the Environment: Global 
Challenge (MAT095)

Handout #1

Handout #1A
1. Ex: E= 131,479,920ft;  P=  0.58 ft 
2. E/P = 226,689,517 pencils
3. 2,040,205,653 or approx. 2,040,000,000 pencils.

Handout #1B 
1. Ex: E= 4,007,500,000 cm;  p=18.3 cm
2. 229,000,000 pencils;  
3. 2,061,000,000 pencils

Handout #2 

Handout #2A 
1. h=45ft , r=5ft
2. 1178 ft3

3. 1178/v

Handout #2B 
1.  66 cm3

2. V/66 

Handout #3
1. v=66 cm3  and V = 31,806,000cm3

2. n=V/v = 484,848 slats
3. N=  4,363,632
4. # trees = 2,061,000,000 /4,363,632 = about 472 trees  

What additional information do we need? What steps do we need to take

Length of the equator, E

Length of a pencil , P

1. Express E and P in the same units.

2. Divide E by P to get the number of pencils needed 
to circle the equator.

3. Multiply the result by 9.

What do we need? How to proceed

V, Volume of a tree

v, Volume of a pencil slat

Number of pencils made each year 
(from 1B)

1. Express V and v in the same units.

2. Divide V by v to get n, the number of slats made 
from 1 tree.

3. Multiply  n by 9, to get N, the number of pencils 
made from 1 tree.

4. Divide the number of pencils made each year  by 
N, to get the number of trees cut each year.

Pencils and Trees
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Paper or Plastic? 
Dong Wook Won
Department of Mathematics, Engineering, and Computer Science

Objectives 
The objective of this activity is to have students come 
to a decision based not on their perceptions but on 
concrete numerical facts obtained through the appli-
cation of their mathematical skills. Having gained all 
the necessary information, analyzed the problem and 
made their own choices, students write a paragraph 
expressing and supporting their opinion.

Refl ection
It was very interesting to observe how the students’ 
choice of shopping bags changed after the projects. 
Before I gave students the handouts, we had briefl y 
discussed their preferences for every day shopping 
bags. In this fi rst discussion, I let them express their 
opinions freely. After they completed the handouts, 
we had a short second discussion on the same question. 
This time, I asked students to support their opinions 
with arguments based on the numerical facts they had 
learned while doing their projects.

To my surprise, many students said they preferred to 
use plastic bags because they cost less and contribute 
less to pollution and global warming. Some students 
advocated using their own cloth shopping bags. We discussed the advantages and disadvan-
tages of using cloth shopping bags but did not reach a conclusion.

Activity Overview
Contrary to what intuition might lead us to believe, there is a claim that using plastic shopping 
bags can be more environmentally-friendly than using paper shopping bags. In this activity, 
students analyze and evaluate the validity of this claim, thereby reviewing math in the context 
of their everyday choices. 

Activity
In preparation for this activity, the instructor conducts a brief survey in class asking students: 
“What type of shopping bag do you prefer for everyday shopping: paper or plastic?” In the 
follow-up discussion (20-30 minutes), students talk about their preferences and the reasons 
underlying their choices. After the discussion, the homework reading and handouts are distrib-
uted. There are four parts to the remainder of this activity:

Math Topics
Decimals, proportions, scientifi c 
notation

Purpose
Motivation 

Comments
Activities consist of class discussions, 
homework exercises and writing 
assignments  

When to Introduce 
Week 9 

Activity Time Frame
Two weeks, 30 minutes to one hour 
each week to discuss activities

MAT095 Supplement 
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Paper or Plastic? 

Part I
Students have one week to read and complete the problems and handouts. Specifi cally, students 
read a short article about the controversy over paper and plastic shopping bags. They are asked 
to write one paragraph responses to several questions about the advantages and disadvantages 
of paper vs plastic. 

Part II
Students then analyze a series of numerical facts about paper and plastic bags, solving decimal 
and proportion problems and performing calculations using scientifi c notation. The instructor 
may choose to model one problem-solving activity. Students are asked to show all computation 
procedures on separate worksheets. After they complete the handouts, the instructor goes over 
the problems, discussing any diffi culties students might have had. 

Part III
In the Refl ection section, students are asked to write two paragraphs in which they state their 
decision and provide supporting evidence. 

Part IV
Having fi nished the reading, mathematics and writing assignments, students participate in a 
fi nal class discussion about the use of paper versus plastic bags. In particular, the discussion 
highlights the students’ ability to use numerical and other data to reason and come to conclu-
sions as well as to suggest creative ways of resolving this issue. 

Materials and Resources
• Handout

• Reading: National Cooperative Grocers Association. Checkout Choices: The Paper vs. Plastic 
Controversy. Retrieved February 18, 2010, from http://www.lindenhills.coop/fi les/CNS_Paper_
or_Plastic.pdf

• Reference: Nashville Wraps. Paper Bags Versus Plastic Bags – Real Numbers. Posted April 
17, 2008. Retrieved February 18, 2010 from http://www.nashvillewrapscommunity.com/
blog/2008/04/paper-bags-versus-plastic-bags-real-numbers/
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Handout  
Won | Introduction to Algebra – Energy and the Environment: Global Challenge  
(MAT095)

Part I 
After reading “Checkout Choices: The Paper vs Plastic Controversy,” in response to the questions 
below, write short paragraphs expressing your thoughts about this controversy
1. What are the advantages of using paper shopping bags? 

2. What are the advantages of using plastic shopping bags?

3. Can you suggest your own solution to this controversial problem?

 

Part II
The following table shows some numeric facts about paper and plastic bags. Study the table, 
and then respond to the questions below:

1. What is the weight of one grocery-size paper shopping bag? What is the weight of one 
grocery-size plastic shopping bag? 

Paper or Plastic? 

1,000 Grocery-Size Shopping Bags

Paper Plastic

Weight  140 lbs.  15 lbs.

Cubic Feet  17.8 feet3  0.4 feet3

Cost  $230  $35

Shipping  $28  $3

Total Cost  $258  $38

Diesel used in transit  0.58 gallons  0.06 gallons

Gas Emissions  3.225 lbs. solids  1.62 lbs. solids

Petroleum used  3.67 lbs.  1.62 lbs

BTUs required  1,629,000  649,000

Source: http://www.nashvillewrapscommunity.com/blog/?p=46
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2. Suppose a supermarket needs 200,000 shopping bags. How much will they weigh if the 
supermarket decides on paper shopping bags? 

3. Find the total cost of making 500,000 paper bags and the total cost of making 500,000 plas-
tic bags.

4. How much does it cost to ship 500,000 paper bags? How much does it cost to ship 500,000 
plastic bags?

5. Approximately what amount of greenhouse gas emissions are generated to make one gro-
cery-size paper shopping bag? Approximately what amount of greenhouse gas emissions 
are generated to make one grocery-size plastic shopping bag? Write the answers in scientifi c 
notation.

6. Assume you own a big supermarket and you need approximately 3,000 shopping bags per 
day. According to the above table, how much petroleum is used to produce a one month (30 
day) supply of paper bags? How much petroleum is used to produce a one month supply of 
plastic bags? Calculate these problems using scientifi c notations. 

 

Part III – Refl ection
Consider what you have read and learned from the article, the math you’ve done, and from 
answering the questions above. Now, in at least two paragraphs, write your responses to the 
questions below: 
1. One solution for the shopping bag controversy is to carry your own shopping bag instead of 

using disposable shopping bags. Practically speaking, however, not many people actually 
carry their own shopping bags. What do you think the problem is? Can you make a sugges-
tion to remedy this situation? 

2. Having discussed the pros and cons of paper vs. plastic shopping bags, which have you now 
decided to choose? If you have changed your mind regarding shopping bags (See Part I), 
what motivated you to change? If you have not changed your mind, explain why. In either 
case, explain your thinking in a short paragraph.

Paper or Plastic? 
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Reading: Checkout Choices: The Paper vs. Plastic 
Controversy 
Won | Introduction to Algebra – Energy and the Environment: Global Challenge  
(MAT095)

Excerpted from: National Cooperative Grocers Association. Checkout Choices: The Paper vs. Plastic 
Controversy. Retrieved February 18, 2010, from http://www.lindenhills.coop/fi les/CNS_Paper_or_
Plastic.pdf

Who would have thought that choosing between 
paper and plastic at the checkout would present such 
a dilemma? For a while the environmentally conscious 
were convinced that paper was the more ecological 
choice. (It certainly seems more natural, as a renewable, 
recyclable plant product.) Some communities have even 
banned the ubiquitous plastic shopping bag. Research 
hasn’t exactly confi rmed the ecological superiority of 
paper, however. In fact, some experts provide solid 
evidence that plastic is sometimes the more ecological 
choice.

Of course, both plastic and paper bags impact the 
environment, using natural resources and contribut-
ing to greenhouse gas production in their manufacture, 
transportation, and disposal. Life cycle analysis is what 
scientists do to fi gure out the environmental impact of 
an item. Plenty of these have been conducted on plastic 
and paper bags, but the information generated can be 
tricky to compare. For example, when fully assessing 
the impact of a bag, you need to know if it’s made from 
recycled or virgin materials (and if paper, whether the 
timber was harvested from a sustainable forest), how far 
the manufacturing supplies will travel, and how many 
miles the bag will travel to the fi nal consumer. To assess 
the carbon footprint of production, you need to know 
the manufacturer’s environmental policies. And when 
gauging the long-term impact of the product, it depends 
in part on whether the bag will be reused or recycled or 
composted or dumped in the landfi ll. Keeping the fact 
that such variables exist in mind, here is just some of the 
key information about both plastic and paper bags:

Plastic bags: 

• Cause less global warming pollution and have less of 
an impact on biodiversity and water, according to 
scientists at the National Resources Defense Council 
(NRDC). For example, plastic bags use 40 percent less 
energy during production and less than 4 percent of 
the water used to make paper bags. And plastic bags 
generate 79 percent fewer greenhouse gas emissions 
than composted paper bags.

• Cost less to transport, saving on fuel costs. In fact, it 
would take about seven trucks to transport the same 
number of paper bags as a single truck of plastic bags, 
according to The Environmental Literary Council.

• Take up less landfi ll space. Plastic bags account for 
about 9 to 12 percent of waste volume, while paper 
occupies about half of overall landfi ll volume.

• Take less energy to recycle. It takes 91% less energy to 
recycle a pound of plastic than it takes to recycle a 
pound of paper.

On the other hand:

• Ninety percent of grocery bags are plastic, which is 
made from petroleum. It takes 12 million barrels of oil 
to make a year’s worth of plastic bags (100 billion of 
them) for Americans.

• Five of the top six chemicals that produce the most 
hazardous waste (according to EPA rankings) are used 
in plastics production.

• Less than 5 percent of plastic bags are recycled. About 
4 billion plastic bags are thrown away -- littered 
throughout the world -- each year. Tied end to end, 
they could circle the earth 63 times. Instead they hang 
from fences and trees, blow across streets and fi elds.

• Because recycling plastic is expensive and time-con-
suming, many of the plastic bags collected for recy-
cling are shipped for incineration to countries with lax 
environmental laws.

• When improperly disposed of, plastic bags cause 
problems in coastal areas, where they threaten sea life 
for as long as 1,000 years while the plastic remains in 
the water. Sea turtles mistake them for jellyfi sh and as 
many as one million sea creatures are killed each year 
by plastic bags, which also clog sewer pipes and cause 
stagnant, unhealthful water for humans.

• Plastic does not break down in the landfi ll. It will 
always be there. Even biodegradable plastic -- which is 
made of wood fi bers mixed with plastic fi bers -- leaves 
tiny plastic pieces in the earth. 
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Paper or Plastic? 

Paper bags:

• Can hold more than plastic bags, if packed well.
• Are more often recycled than plastic bags. According to 

the EPA, Americans currently recycle 19.4% of paper 
bags but only 0.6 percent of plastic bags. (Granted, 
both numbers are too low!)

• Are biodegradable. While modern landfi lls don’t allow 
for this process to occur as it should (the bags are 
buried and receive no air and sunlight for decomposi-
tion), paper bags do naturally break down -- as mulch 
in the garden, for example.

• Do not rely on petrochemical production.
• Can be produced from sustainable forests.

On the other hand:

• The paper industry has an enormous environmental 
footprint. It takes more than four times as much 
energy (2,511 BTUs) to produce a paper bag as it does 
a plastic bag (594 BTUs). And paper bag produc-
tion generates 50 times more water pollutants and 
70 percent more air pollutants than the plastic bag 
production.

• About 14 million trees were used in 1999 to make 10 
billion paper bags for Americans.

And when forests are cut down to make paper, major 
absorbers of greenhouse gases are eliminated.

• A paper bag generates greater methane emissions in 
the landfi ll than a plastic bag.

• For strength, most paper grocery bags are made from 
virgin pulp, not recycled materials.”




