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Charles Collingwood

Teacher of 15 years

Currently at Rincon High School

Teaching A.P. Calculus, Precalculus, and Stats

Also, a grad student at U. of Ariz.
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e Graduated with B.Sc. in math from U. of Tenn.
e Currently a math Ph.D. student at U. of Ariz.

e G-TEAMS fellow working with Charles this year
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Our Philosophy

Students ONLY learn the mathematical “alphabet” in K-10.

We teach them to form “words” with this alphabet.

We start by analyzing properties of functions abstractly.

These skills are reinforced with thoughtful labs.

Carefully written lab reports are required.
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What You Should Take Away

We are highly motivated and passionate educators.

We want to share that enthusiasm.

We'll discuss past, present, and upcoming labs.

There will be a guided activity which studies income
inequality using both integral and differential calculus.
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Definition

matheecemastize |'math(e)mat 12

verb [trans.]

model and quantify a situation or idea in mathematical terms.
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Galileo: Quadratic Functions

An object is dropped from 600 ft (no wind).

The distance traveled d(t) after t seconds is recorded:

t |[0]1] 2] 3] 4
d(t)| 0|32 128288512

Find formulas for d(t) and the height h(t).

When does the object hit the ground?

What does h/(t) represent? Why is it negative?
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Cygnus X-1: Rational Functions
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Carbon-14: Exp/Log Functions

e Carbon-14 has a half-life A = 5,730 years.

6 protons
8 neutrons

e |t's suitable for dating carbon-based life forms.

e Find/compare decay models A = Pe~"t and A = P(1/2)X.
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Carbon-14: Exp/Log Functions

e Remains w/ 88% of living **C were found in 1989.

e Establish time of death; do inverse problem.
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The BP Oil Spill: Inter/Extra-polation

e April 20, 2010: Deepwater Horizon explosion

e How much will it cost BP for the clean-up?
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The BP Oil Spill: Inter/Extra-polation

Correlation of Clean-Up Costs and Spill Size

$1,000,000 — — e

$100,000

$10,000

$1.000

Cost/Tonne (SUS)

$100

$10

1 —_—
001 014 072 37.00 44.00 92.00 20400  537.00 136100  20,000.00
Spill Size (Tonnes)

There are many confounding variables! When will BP recoup?
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Dyson AirBlade: Linear Functions/Modeling

e Could Rincon get a
$1,200 Dyson AirBlade?

e Linear cost models: paper
towels vs hand dryer

e Where's the intersection
point?

e What about energy
consumption?
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e There’s been 4 women
out of 112 justices.

e The ratio of men to
women is roughly 1 to 1.

e Letp=0.5andn=112:

P(k <4)=1.242x10"%
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Underrepresentation: Binomial Distribution

There’s been 4 women
out of 112 justices.

The ratio of men to
women is roughly 1 to 1.

Letp=05and n=112:

P(k <4)=1.242x10"%

47 is minimal such that

P(k < 47) > 0.05

DA
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e |n 2005, black males constituted around 12.5% of US men,
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e |n 2005, black males constituted around 12.5% of US men,
but 389 out of every 1,000 US male inmates was black.

e Letp=0.125and n = 1,000: P(k > 389) ~ 0.
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Overrepresentation: Binomial Distribution

e |n 2005, black males constituted around 12.5% of US men,
but 389 out of every 1,000 US male inmates was black.

e Letp=0.125and n = 1,000: P(k > 389) ~ 0.
e 142 is maximal such that P(k > 142) > 0.05.
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Social Justice

Math Achievement and Ethnicity: y?-Indep. Test

¢ What'’s the story at Rincon?

Hispanic Black White Asian
48 (58) | 11 (15)| 43 (40) | 20 (8)
73 (79) |14 (21) | 65 (55) | 14 (11)
76 (96) |29 (25)| 80 (66) | 15 (13)
128 (116) | 28 (31) | 80 (81) | 8 (16)
199 (175) | 56 (46) | 96 (122) | 16 (25)

Observed vs. (Expected) Grades in Math, 2010

M| ol 0| m >
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Math Achievement and Ethnicity: y?-Indep. Test

¢ What'’s the story at Rincon?

Hispanic Black White Asian
48 (58) | 11 (15)| 43 (40) | 20 (8)
73 (79) |14 (21) | 65 (55) | 14 (11)
76 (96) |29 (25)| 80 (66) | 15 (13)
128 (116) | 28 (31) | 80 (81) | 8 (16)
199 (175) | 56 (46) | 96 (122) | 16 (25)

Observed vs. (Expected) Grades in Math, 2010

M| ol 0| m >

e Test statistic = 52.83061161...
p-value = 0.00000044152365
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Activity: Income Inequality
Earthquakes: Logarithmic Functions
e 1/12/2010, Haiti: 7.0 My
magnitude earthquake

e over 90,000 dead (some
estimate 220,000)

e My = Zlog,(Es) — 7.5;
the energy Eg measures
the destructive power.
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e 2/27/2010, Chile: 8.8 My magnitude earthquake
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Earthquakes: Logarithmic Functions

e 2/27/2010, Chile: 8.8 My magnitude earthquake

e only 521 dead, yet the energy increased by a factor of
10(/2)(8:8-70) ~ 501.2
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The AIDS Epidemic: Logistic Functions

U.S. AIDS deaths decreasing
Estimated desths per year of personswith AD S in the United States, 1961-2006

60,000

50,000

40,000

30,000

20,000

10,000

[
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Source: "HIVIAIDS Surveillance Repor,” April 2008, Centers for Disease Control and Prevertion

e Logistic growth from 81 to 95: rate eventually decreased
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The AIDS Epidemic: Logistic Functions

U.S. AIDS deaths decreasing
Estimated desths per year of personswith AD S in the United States, 1961-2006
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30,000

20,000
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o
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Source: "HIVIAIDS Surveillance Repor,” April 2008, Centers for Disease Control and Prevertion

e Logistic growth from 81 to 95: rate eventually decreased

¢ We can find the maximal rate of growth for logistic models.
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The AIDS Epidemic: Logistic Functions

U.S. AIDS deaths decreasing
Estimated desths per year of personswith AD S in the United States, 1961-2006

60,000

50,000 =4

40,000

30,000

20,000

10,000

o
FFEIEFEPELIPESELELESEEEFE®

Source: "HIVIAIDS Surveillance Repor,” April 2008, Centers for Disease Control and Prevertion

e Logistic growth from 81 to 95: rate eventually decreased
¢ We can find the maximal rate of growth for logistic models.

e Piecewise model: antiretroviral drugs, awareness, sex ed
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The AIDS Epidemic: Logistic Functions

Total new HIV infections and AIDS deaths for South Africa
700,000
600,000 /‘M
500,000 f A e =]
M
400,000 / —
300,000 ’/ o
200,000 7 =
100,000 =
P F PP PP PPN LR g
FEEESE ST S S S
| ——New HIV infections —=— AIDS deaths |

¢ We examine the same type of data from South Africa,
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The AIDS Epidemic: Logistic Functions

Total new HIV infections and AIDS deaths for South Africa
700,000
600,000 /‘N
500,000 f A e =]
400,000 / J,rr-'r-—l_.-—l—.—.’l ‘
300,000 / p o
200,000 7 =
100,000 =
R . ...—rf’: ean
P F PP PP PPN LR g
FFEFTEFT TS S S S S
| ——New HIV infections —=— AIDS deaths |

¢ We examine the same type of data from South Africa,

¢ and students try to explain discrepancies.
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The Gini Coefficient G

100%

T A+B

Cumulative share of income earned

100%
Cumulative share of people from lowest to highest incomes
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The Gini Coefficient G

__A
" A+B

100%

e If L(x) = Lorenz curve,

1
B = /0 L(x) dx

Cumulative share of income earned

100%
Cumulative share of people from lowest to highest incomes
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The Gini Coefficient G

e G = ——

100%

e If L(x) = Lorenz curve,

1
B = /0 L(x) dx

e Also,A+B=1/2,s0

Cumulative share of income earned

G=1-2B

100%
Cumulative share of people from lowest to highest incomes

] 5 = = E

DA
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Income Inequality Worldwide
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Gini Index - Income Disparity since World War Il

where 0 is perfect equality, and 100 is perfect inequality (i.e., one person has all the income)
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e Enter the data: ,

X
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Let's Try It!

o Enter the data: [ STAT], [1] x | 1968 | 1992
0.0

0.000 | 0.000
e Find a regression 0.2 | 0.042 | 0.038

equation: [ STAT|, [»], 0.4 | 0.155 | 0.132

0.6 | 0.329 | 0.290
e Graph a regression 0.8 | 0.574 | 0.532

equation: [Y=), [VARS], 1.0 | 1.000 | 1.000
5> 0] US Cumulative Household

Income Shares by Quintile




Let's Try It!

e Enter the data: ,

e Find a regression

equation: [ STAT|, [»],

e Graph a regression

equation: , ,
ey

« Find B: [2nd],[CALC], [7]

X

1968
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Let's Try It!

Enter the data: ,

Find a regression

equation: [ STAT|, [»],

Graph a regression

equation: , ,
ey

Find B: [2nd], [CALC]

Then G =1 — 2B.

X

1968

Activity: Income Inequality
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1992

0.2
0.4
0.6
0.8
1.0

0.000
0.042
0.155
0.329
0.574
1.000

0.000
0.038
0.132
0.290
0.532
1.000

US Cumulative Household
Income Shares by Quintile
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Lorenz Curve for
the United States
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e At such a point, the tangent of y = L(x) is parallel toy = x.
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Point of Maximal Inequality

e At such a point, the tangent of y = L(x) is parallel toy = x.

e L'(x) =1 at such a point; also, L(x) — x has a minimum.



e Subtract x from a
regression equation

Let's Try It!

X

1968

Activity: Income Inequality
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1992

0.0
0.2
0.4
0.6
0.8
1.0

0.000
0.042
0.155
0.329
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1.000

0.000
0.038
0.132
0.290
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Let's Try It!
e Subtract x from a X 1968 | 1992
regression equation 0.0 | 0.000 | 0.000
0.2 | 0.042 | 0.038
. . . 0.4 | 0.155 | 0.132
e Find a minimum:; , 06 | 0329 | 0290
CALC| 3] 0.8 | 0.574 | 0.532
1.0 | 1.000 | 1.000

US Cumulative Household
Income Shares by Quintile
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[e]e]e] o}

Let's Try It!
e Subtract x from a X 1968 | 1992
regression equation 0.0 | 0.000 | 0.000
0.2 | 0.042 | 0.038
. . . 0.4 | 0.155 | 0.132
e Find a minimum:; , 06 | 0329 | 0290
CALC| 3] 0.8 | 0.574 | 0.532
1.0 | 1.000 | 1.000

¢ Interpret the movement of
this point.

US Cumulative Household
Income Shares by Quintile
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Thank You!!!

Charle’s e-mail: charles.collingwood@tusdl.org

Jordan’s e-mail: jschettler@math.arizona.edu
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