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A.P. Statistics Algebra 5 and Trigonometry

ACthlty on the LogiC of Significance Tests: Random Variables and Coin Tossing A hlgh pOint of a statistics class is |earning Iverse Functions L y= T

to interpret statistics in the news. When we Compound Interest Ot 7, 200 5
studied confidence intervals, we dissected a One of the challenges L OmetoOm Fanctions
of i and H forthe cutcome of "eads For the fout tosses.sing s ' presidential approval poll. e that Victor embraces T T o

and T7s topether. For example, if the first toss results in a head and the remaining that i denoted by 7.

three tosses result in tails, write HTTT. 1 t ' t h | t d t
e o l !’ ‘ ' e e The fellowing tables repressnt functions whose inpots are © and whase outputs are y. For each T y=z+2
] ) ] ) 1 5"“"[)][: [ntct est IS I n g p S u n S table, answer the following questions: (1) = f one-toome, and if not @ve an ecample of an cutput I
Let X be a variable whose value is the total number of heads in the given toss, that comes from more than cne input, and (i) dees the table dstermine r as a function of 47 If

For example, for the outcome HTTT, X = 1. For each value of X list all the Whe n We Stu d ied Statistical Sig n ifica nce, We Simple interest is interest earned when the interest rae is only on the principal. develop ‘the a b i | ity to so, that function is the inverse function.

comresponding possible outcomes of the four coin tosses: HAEIEEREREE

LU=
November 23, 2000

6 ou=|z|

L x=0 dissected studies that claim pizza consumption ovig a0 g S caming S sl e pryess Pt “think mathematically” —— o
2 X=01 . - v 1|7 |0|or] 1
3 X=m red U CeS Ca n Ce r rIS k. End of Year: | Account Balance a nd SO Ive u nfa m I I Ia r 2 Tnverse Functions 3 TInverse Function Notation

4 X =3 1 b I m h th For earh of the following equations, sclve for x. Does the result define x as a function of y7 If f is & one-to-cne funetion, its inverse funetion is denoted with -1, This is NOT an exponent!
p ro e S ) S u C aS Ose ' It does NOT mean 1/f. It means nothing mere and nothing less than the inverse funetion for f.

5. X =4: T

1 y=,T It is used in the same way f is used.

2 . . .
MNow fill in the following table: 2 I n th e th I rd SeCtI O n Of 1. The funeticn f{x) = 5z — 9 is one-to-one. What is f-1{8)7
L R B e ; the handout to the peme

2. If the function f is cne-to-cme, what is f{ f~1(83)7

: ight
What do the probabilities add ta? rl g . §oy=2t -5

President Obama's Approval Rating Can you figure out a formula for the account balance as a function of time?
; 3. If £ is a one-to-one function and £{2) =5, what is f~'(5)7
oooooooo
68%
Jan. 2010
46%
oO—Q Oo—0 0 1 4.« Buppise f is one-to-one and has its domain given by [1, 20} and its range given by (—s0, 5].
What i the domain and what is the range of £~
2 Compound Interest
The Mean, Variance and Standard Deviation of a Random _ o _ _ _ ) .
Variable: Coin T . 10 Compound interest is interest earned when the interest rate is applied to the account balance including
dl I‘l L. ‘Jln ()Bhlllgs 02-‘-2‘009 3/2009 4/2009 5/2009 6/2009 7/2009 8/2009 9/2009 10/2009 11/2009 12/2009 1/2010 |J'l"E"I-IlIl.I5 ||“.E'I‘E".il Eﬂl‘liE'd
Suppose vou deposit $1000 in a savings account earning 5 % interest compounded per year. Fill in the
following table:
November 30, 2009 CBS News Poll: January 11, 2010: &
. ) . o
1. Suppose you toss a coin 4 times and X is the random variable whose value is the number of heads PreSIdent Obama S Approval ) 46 /0 End of Year: | Account Balance
in an outcome. Recall we have the following probability distribution:
Results Come From SRS of 1216 Adults. .

We have three decks of playing cards. For each deck, LT . e 1

——— T T Margin of Error: +/- 3%, Confidence Level: 96%
- 16 El (&

we formulate the hypothesis that half of the cards are

Z
pa

bee | ] |

2
B

=

red ET:_.HIJQP:
. ; .
- {a) To fill in the third row, multiply each possible value of X by the respective probability. I_)feSldent Cbamasipproval Rating ‘
Fa April 2009
(by Add the values in the third row. This is the mean of the random variable X, written px. a0 Es% | 3
{cy Tofill in the fourth row, for each possible random variable X, subtract the mean gy and square 80 4 Tan. 2010 C ; o
? ‘an you figure out a formula for the account balance as a functicn of time?
the result. Multiply the value by the rspective probability. Enter this result in the fourth row. 70 &L A_‘iS% ‘ - £

1. Several students choose a card from the first deck () Ao s s ot o, Th s e e of e o vt X, i, e T e o MM

. (e} iﬁfzﬁrﬂg&:[?:np:‘:t.tbe standard deviation of the random variable oy is the positive square :z ‘ ‘ ‘_-’._.__’_‘._‘
while the number of red and black cards are tabulated 2 g s o o o et s e T Victor’s background includes economics, law and physics. This

heads that occur when you toss a coin five times.

on the board. Based on these results, we determined oY T o
that it was unlikely that half of the deck was red (the - Goal: Estimate Percent of Adult Americans Who

. I Approve of the President’s Job Performance . . . . .
actual ratio was 1/3 red and 2/3 black). Survey Results: 560 Adults Surveyed Approve Compound interest is arguably the most important application

2. We repeated the procedure with the second deck but Estimate: p = 560/1216 = 0.46 in the Algebra 5 curriculum.
could not reject the hypothesis (this deck was evenly 1

S IR PREIL LIS SIS PEOGEEE L LTI LIRS TRESL, Yl LGS Gl SR e VIR WEKSLL 24 L LU IS L UL

Split between red and blaCk CardS)_ heads that occur when you toss a coin six times.

e allows him to bring several applications into the classroom.

3 For the third deck  Student took o of e - e m A Below, Victor and the students maximize a profit function for a
: cg:ds 2 ndI:Ne reeCcc,)redaeCd tﬁeup(ra:po(r)t(i)onaoﬁgjpcea % sV;lc?r T ARIEIEIEIEIE ~ / \\ firm facing a downward sloping, linear demand curve.
- . ..
each sample. Based on the evidence gathered, we sl > "~

I A
al Values

4. Can you make a conjecture (guess) about the mean, variance and standard deviation for the number T

rejected the hypothesis in favor of the alternative that i ner o 4 ck ks cmple b om0 i e 3 b Critic
there were more red cards than black (in fact 2/3 of
the third deck were red Cards)_ For a given confidence level C, use the

critical value z* to determine how many

1. Before beginning, let us consider some features we should expect our tax funetions to display.
You may use our example above as a reference.

Tax Project

(a) What should the domain be? What should the range ha?

(b} The function will be piecewise. For each piece, what form should the function take? For
e Insert Date oxample, will it ba quadratic?

{e) Should the functicn be increasing, decreasing, ecnstant?

Algebra 5

(dy What do you expect for intercepts?

1 1 The federal inccme tax system is known as progressive taxation. The main characteristic of pro- te) Will your funetion have an inverse?
Standard deVlat'onS abOUt the mean gressive taxation is that the higher your income is, the higher the tax rate you face. In the United o o '
States, this is achieved through the application of manginal taxr mies. An example of such a system 2. Do research in erder to find out the current marginal rate structure.

include C% of the distribution.

. . . is as follows: (a) Wiite a funetion that models the current tax structure.
VI Cto r IS WO rkl n g O n Income Level (per year) Tax Rate ::;- G:;:hihs :u:cl:;ic-: . "

ol 2R - - 19 % (e} Does the function exhibit the features you predicted?
Between $20,000 and $50,000 (inclusive) | $2.000 4+ 20 % of income over $20,000

tt t th t ) T {d) Use your function to make a table of values using annual incomes $10,000, $30,000,
p u I n g Og e e r p rOJ e C S Over $50,000 $5,000 + 30 % of incame over $50,000 $50,000, $75,000, $100,000, $150,000, $200,000 and § 300,000,
In other waords, if you earn up to $20,000 per year, you pay 10 % of your income in taxes. If you 3 Dore

] b in order to find out th inal t. e struet d by President Oh
for the end of the year eam between $20,000 and $50,000, you pay 10 % of the first §20,000 of income and 20 % of the rest el ot ol the areia i atosttnene propeoed by Preskdent Qbama
" {the margin). Finally. if vou make cver $50,000 per year, you pay 10 % of the first $20,000, then '

In this series of handouts, students
worked with outcomes of coin tosses

to learn about random variables. The
second handout extended the same
example to illustrate the mean, variance
and standard deviation of a random Recall: the Confidence Interval is always:
variable. The last question asks students Estimate +/- Margin of Error

to formulate conjectures based on patterns. The Margin of E"‘f/_f‘;ips'é:

you pay 20 % of the nect $30,000 and then 3075 of the remaining inccome. This can be written as a 4. A deduetion is an amount that is subtracted from income before applying the tax function.

Th e fOCU S WI | I be O n piecewise defined funetion. If x i the annual income of & taxpayer and y = fix) is the amount of The current. tax structure employs a standard deduction, for taxpayers who have no other
deducticns.

tax they cwe, then we can write:

Confidence Intervals for a
Proportion of a Population

(a) Find out the curren t standard deduetion, and rewrite your tax function to aceount for

usli ng the fU nCtlonS fiz) ={ 2,000 + .2(z - m.nnﬁlui; gni.:ug;,gj: < 50,000 the standard deduction.

8,000 4 .3(x — 50,000) 7 = B0, 000 {b) Find out the standard deduction under President Obama's campaign proposal, and
! ' ’ ! rewtite the tax funetion.

L L]
Stu d I ed I n th e CO u rse Each of these expressions can be simplified to obtain: (e} Dioes your new tax fumetion differ from your original tax function by any sort of trans-

formation studied in Section 2.47
Olx . o« 20,000
to ' I IOd el p h e n O m e n a fle)=4¢ 2z —2,000 , 20,000 <2< 50, 000 . 5. A credit is an amount that is subtracted from the tax due that is the cutput of the tax
Br—T.000 , x> 50,000 funetion.
{a) Can you inecrporate a $200 eredit into your tax functicns using a transformation from

i n th e rea | WO rI d . E;L:;;:zgsi.c-ns of the domain used to define the funetion are called tar brackets or sometimes income ! Section 247

(b} Which is better for the taxpayer, a $200 deduction or a $200 credit?

[ ] L] . 1 . N
Th ese CO n eCtu res We re I ate r CO nfl rl I Ied H H I]_l this project, you will do some research in order to compare the curren RS T Cl T ST 6. Write an essay comparing the current tax rate structure to the changes propesed by President
The Confldence Inte rval IS: either a past tax strueture or a propesal to change the tax rates. You will write an essay and Obama during the 2008 campaign. In pariteular, determine who benefits from the changes
) make a presentation to the elass. Your analysis must be grounded in mathematics, however you and who is better off under the current system. Which system do you think is better an why?
h th b I r r l I I I t I b t. t d I d * should feel free to use your opinions and those of other members of your group (which will likely _ ) _
W e n e I n O Ia IS rl u IO n WaS S u Ie . p +/- 4 SE be different) in crder to evaluate your results. Finally, in the United States we have different rate 7. Attach your work on each of the items above to your essay. Cite your sources!
struetures for different types of filers, such as thoss who are singls, those who are married and file 8. Prepare a presentation of your findings to the class and include visual aids.

jointly, ete. We will just focus on single filers, to keep things simpla.
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