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Whyaheaen Viathematics in
Gollede?

._‘
STEM (Science, Technology,
Engineering, Mathematics) students:
skills of algebra, calculus, and beyond
are necessary for careers

Everyone else:
* Good question!




i2eienal approach:
: ora or calculus in college

-

Would we like everyone to be proficient
with algebra and calculus? Sure.

Is it a realistic goal given core curriculum
requirements? Not in 1 term.




INE2ditional approach:
CVENYyOIE igkesialgenra or calculus in college
And is it REALLY something these students
need?

« Reasonable argument for basic algebraic
skills (e.g., multiply both sides of equation)

« But most students will never again solve
anything as complex as a quadratic equation.




jore, we need a new
[PpreEcH. ..

Criteria:

* Must teach skills/concepts that
students really need.

* Must be non-remedial; skills not taught
on traditional pre-college algebra track.




THE FAR SIDE® By GARY LARSON

(© 1990 FarWorks, Inc. All Rights Reserved/Dist. by Creators Syndicate

,now listen up. Nobed

geqskql):w here thou’(mswer}i’
[ the following question: A train
{ leaves Philadelphia at 1:00 p.m.

It Travel‘-rg at 65 miles per hour. /;
A Another Train leaves Denver
at 4:00... Say, you;;ged
DEr

Math phobic's nightmare

The Far Side ® by Gary Larson © 1990 FarWorks, Inc. All
Rights Reserved. Used with permission.




College, especially core courses in
natural and social sciences

Careers, especially given likelihood of
careers outside major area and
several lifetime career changes

Life: “citizenship issues,” personal
decision making and finance, etc.




the'crucial skills?

. -
Logic, Critical Thinking, Problem Solving
Number Sense and Estimation

Statistical Interpretation and Basic
Probability

Interpreting Graphs and Models




I6gEther, these skills are often
‘Rn_rw’ as:

Quantitative Reasoning




"

BogIcEcaINIIKING, and Problem Solving

—
Example: Which Airline Ticket to Buy?

You have two choices for an airline ticket:
e (A) $1100, but 25% nonrefundable
e (B) $1900, fully refundable

Solution notes:

e It’s clearly mathematical.

e There 1s no “correct” answer.

e The key is to use logic and critical thinking.




J\Jumbe‘r Sense and Estimation
S EEImpIERUSES/abuses of percentages

-
From front-page New York Times: J

...[the percentage among | 8th graders is up 4
percent, to 104 percent.

% of what?
6/10: # jobs down 261,000
unemployment rate from 9.6% to 9.5%




NUIMPERNSE ense and Estimation
SAoillioraere;, abillion there, soon you’re

b

[TOHE y” (Everett Dirksen)

Pro athlete earns $1 M/yr (108). How long to
earn $1B (109)?

How many employees could you hire with
$100M?

U.S. Debt $15 trillion. What’s your new
baby’s share?




ALY ||




NUmBEr Sense and Estimation
. .
Dealing with uncertainty

What's the population of 2
Drill for more oil or conserve?
What could we do with nuclear fusion power?

Calvin and Hobbes by Bill Watterson

PSST.. SUSIE! WHAT'S WAIT A MINUTE .
2 THAT CAN'T BE RI\GHT... THAT'S WHAT SHE
- A SAD 3+4 WAS.
, A A . = w }
. - =
NV 0| |

B

CALVIN AND HOBBES © 1991 Watterson. Reprinted with permission of UNIVERSAL PRESS
SYNDICATE. All rights reserved.
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INRterpretation and Basic

S Probability

EXPEQT W\TNESS IN THE FIELD OF
EXPERT WITNESSES

THAT EXPERT

T D oN
Al SIFETY..

HE's NO EXPERT.

Copyright © 1998 by Sidney Harris.




USTIC el Jr arpretation and Basic
nepability

Who's leading in the f)-c;ils?
Does correlation imply causality?

If you're gambling losses are mounting, are you due for a
win?

Is it safe to use a hands-free cell phone while driving?




g erpretatlon and Basic
Probability

Coincidences and pseudoscience...

Example: There are 25 students in your class. What is the chance that
someone else has YOUR birthday? What is the chance that two people
have the same birthday?

HAT MAKES
fhI'.“:rl-’aEEJE A B A THEY'RE HALF THE REY ! THIS

“VALUE"? | Value Priced NORMAL PRICE, 1S FOR
Lottery AND YET THE YESTER-
J T ckets CHANCE OF DAY'S
WINNING 15 LOTTERY !
ONLY ONE TN )
TEN MILLION LESS.

i3 5

D I ey Pt Syrocie, ne

!

DILBERT reprinted by permission of United Feature Syndicate, Inc.
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"e@’gﬁra‘p'hs and Models

Linear and exponential models
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The Parable of the Bacteria in the Bottle

(developed by Physics Professor Al Bartlett, U. Colorado)

! Set-up

11:00: You place a single bacterium in a nutrient-filled
bottle. It grows/divides into two bacteria at 11:01, 4
bacteria at 11:02, 8 bacteria at 11:03, and so on.
(Doubling time = 1 minute)

12:00: Bottle 1s full, nutrients gone, all the bacteria die.




The Parable of the Bacteria in the Bottle

(developed by Physics Professor Al Bartlett, U. Colorado)

Question 1
When was the bottle half-tull?




The Parable of the Bacteria in the Bottle

(developed by Physics Professor Al Bartlett, U. Colorado)

Question 2

You are a mathematically-sophisticated bacterium, and
at 11:56 you recognize the impending disaster. You
immediately jump on your soapbox and warn that unless
your fellow bacteria slow their growth dramatically, the
end 1s just four minutes away. Will anyone believe you?




The Parable of the Bacteria in the Bottle

(developed by Physics Professor Al Bartlett, U. Colorado)

Question 3

Just before disaster strikes. .. bacterial space program
discovers three more bottles in the lab! With a
population redistribution program, how much time do
the 3 new bottles buy the colony?




The Parable of the Bacteria in the Bottle

(developed by Physics Professor Al Bartlett, U. Colorado)

Question 4

Is there any hope that future discoveries will allow the

colony to continue its exponential growth indefinitely?




SUCCESS:

A context-driven rather than content-driven
approach

Example — Logic. A content—driven approach:

We’re teaching logic because it’s an important area of mathematics

that also happens to be usetul.

 First establish mathematical i1deas (e.g., sets, truth tables, Venn
diagrams)

e Then discuss applications...

= Problem: No obvious connection to college/career/life




JIHE Key/ 10" Success:
-

Context-driven:
We’re teaching logic because it’s important to college, careers, and
life — and happens to be a topic that can be addressed with
mathematics.

 First establish a context; e.g., common fallacies, personal
choice (airline ticket, medical insurance, cell phone plan).

e  Then show how mathematical ideas can help.

Both approaches cover the same basic ground, but the context-
driven approach will reach a far larger percentage of the students.




Example = 1t0an Payments
-

Content-driven:
o First establish mathematical formalism of the
exponential function.

e Then derive the loan payment formula and show how
you can use it to calculate monthly payments.




Payments

Context-driven:

o Start with the context of personal loans and mortgages; use the
loan payment formula (with or without derivation).

 When students point out that the bank does these calculations
for them, build the “everyday life” part of this mathematics:
decisions on closing costs, rate and term, penalties, etc.

e [Later, when you are ready to teach general exponential
function, point out that they’ve already seen these 1deas.

In this case, the context-driven approach not only covers the same
ground, but goes into far more depth about the real-world
situations that students will face.




For children:

Math- . - }Lt‘ L‘-Bt thL
for Llfe - o

-

The Cosmic
Perspective

the essential . Fundamentals
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