Math III Unit 1: STATISTICS
Carole Barber, FVYHS
Lauren Winstead, Heritage High School

Main topics of instruction:
1) Normal Distributions
| 2) Sampling and Study Design
3) Estimating Population Parameters
4) Expected Value and Fair Game (honors only)

Day 1: NORMAL DISTRIBUTIONS
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Example 1: The mean score on the SAT is 1500, with a standard deviation of 240. The ACT, a different
college entrance examination, has a mean score of 21 with a standard deviation of 6. If Bobby scored 1740 on

l)
the SAT and Kathy scored 30 on the ACT, who scored higher? m 2- <o ¢ o r‘@
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You try! Sarah enters a three-point shooting contest at her school. On average, students in her school can

shoot 10 three-pointers in one minute with a standard deviation of 2. If Sarah’s z-score is -1.4, approximately
how many three-pointers can Sarah make in one minute?
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The Empirical Rule: If data is normally distributed, then o munukt .
8 20 of the data will fall between one standard deviation of the mean
_4%7), of the data will fall between two standard deviations of the mean
99.77%, of the data will fall between three standard deviations of the mean

This means that, because the area under the curve is 1, there is a 68% probability that an individual data point
will fall between + 1o.

How to use the Empirical Rule:

Example 2: The scores on the Math 3 midterm were normally distributed. The mean is 82 with a standard
deviation of 5. Find the probability that a randomly selected person:
a. scored between 77 and 87

34 %, +347, = ‘ 3% l

b. scored between 82 and 87

(247, ]

.
hese on your own! S'le : 235?-
et ec:s. scoi/ed between 72 and 87 2;‘5 : 257 . ‘ .1 12.5% r S
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d. scored higher than 52
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T scored less than 77 m _1,7
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//Day 2: FINDING PROBABILITIES ON THE NORMAL CURVE USING
TECHNOLOGY

If you are looking for values that are not exactly on the standard deviation lines, there are two ways to find the

probability — you can use a normal distribution chart OR you can use a calculator. For the purpose of this
course, we will use a calculator exclusively.

robabill &
dodoto percartontdeRRILTGR 1y gs. J=83, =4
To find the probability: 2" - DISTR, NORMALCDF - normalcdf (lower bound, upper bound, p, o)
To find the boundary: 2" _ DISTR, INVNORM - invnorm(area to the left of your boundary, p, 6)

Example 1: What’s the probability that a randomly selected student scored between 80 and 907

rorvaledf (20,60, 83,4) < |12 = 13%,

Example 2: What’s the probability that a randomly selected student scored below 70?7
wermol (£ (o,—lo,<a'5,4)=[£oosx = .058% j
Example 3: What’s the probability that a randomly selected student scored above 797
neormalcdf (19,1090,85,4)<(. 84 = €4% |
Example 4: What score would a student need in order to be in the 90™ percentile?

A0 ) WNORM (.40, 33,4) = [BR.17

Qo
Example 5: What score would a student need in order to be in top 20% of the class?

PZ RN \~NERM( 20,83, D)= [8(,.27 |

Noy try this one: The average waiting time at Waigreen’s drive-through window is 7.6 minutes, with a

standard deviation of 2.6 minutes. When a customer arrives at Walgreen’s, find the probability that he will
have to wait

a) between 4 and 6 minutes na QCO"Q C4lb)'—) (0‘1.(’) :—(T‘q ; (q 070‘(-

b) less than 3 minutes ch_p (O,%,7-(0(2-(0)= .04_34079 I

——

IS overaled® (81600 1.6i2-6) | 44~ 447% |
d) If only 8% of customers wait longer than Mrs. Sickalot, find how long Mrs. S:l:;lot has to wait.
WWNORM (.42 7.6,2.6)

| < \6 RS m‘m]
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jﬁy 3: SAMPLING AND STUDY DESIGN

There ‘lrc three ways to collect data:

. Observational Studies wWasS (L-WUU‘L / VXA -ex.pmmﬂn-l-

2. Experiments

3. Surveys 6‘\({”? ~—no. obs. S+Uda_

Experiment or Observational Study?

1: Fifty peoﬁp.le with clinical depression werg divided into two groups. Over a 6 month period, one group was
given a traditional treatment for depression while the other group was given a new drug. The people were
evaluated at the end of the period to determine whether their depression had improved.

Qyperimaent
2. To determine whether or not apples really do keep the doctor away, forty patients at a doctor’s office were
asked to report how often they came to the doctor and the number of apples they had eaten recently.

elosexrvot orok s

3. To determine whether music really helped students’ scores on a test, a teacher who taught two U. S. History
classes played classical music during testing for one class and played no music during testing for the other class.

Types of Sampling:

1. Simple Random Sample: &u '\M‘(\/\M& ]n% PQ?UM]M
W\ kel 2 Selected .

2. Stratified Random Sample: \t¥; ) .

s
3. Systematic Random Sample: WMo veSearchier Setedks o number at vandom
_and VAo gekecke er?na_. o™ yedi g@&f:%d&&ﬁhxdué

Name that sample:
1. The names of 70 contestants are written on 70 cards, the cards are placed in a bag, the bag is shaken, and

three names are picked from the bag.
P %MFLL randem Sample

2. To avoid working late, the quality control manager inspects the last 10 items produced that day.

Cenveruencl Somp\le-
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5':;'A researcher for an airline interviews all of the passengers on five randomly selected flights.
duoter Sample

4. A researcher randomly selects and interviews fifty male and fifty female teachers.
Sivrachdfied vandem Samyse

5. Every fifth person boarding a plane is searched thoroughly.

Types of Bias:

1. Question wording bias — ; : X y

2. Undercoverage bias ~Wng, pe, 1S ek aceuntolin presenizd indhe sample
r"‘)

3. Response bias — 2 1S S5 S shenS

N\

10 OL SWr

K. (1l

On the twelfth anniversary of th%th } %lvis I;resley, a Dallas record company sponsored a national call-in
survey. Listeners of over 1000 radio stations were asked to call a 1-900 number (at a charge of $2.50) to voice
an opinion concerning whether or not Elvis was really dead. It turned out that 56% of the callers felt Elvis was

alive. . M‘Om (oia,{]

In 1936, Literary Digest magazine conducted the most extensive (to that date) public opinion poll in history.
They mailed out questionnaires to over 10 million people whose names and addresses they had obtained from
telephone books and vehicle registration lists. More than 2.4 million people responded, with 57% indicating that
they would vote for Republican Alf Landon in the upcoming Presidential election. Incumbent Democrat
Franklin Roosevelt won the election, carrying 63% of the popular vote.

For the following survey questions, identify the bias and rewrite the question so that it is free of bias.
1. Do you think the city should risk an increase in pollution by allowing expansion of the Northern Industrial

Park? .
Do yprwHunkthe G shuudol Allow rponsien
of War Neviern ial Pourle?

2. Ifyou found a wallet with $100 in it on the street, would you do the honest thing and return it to the person

or would you keep it?
| Lowrd a wolled woruld xgtru rehurn
Yo sy or keep 147

4. Nonresponse bias ~ B2 ephs. vefunr 4D veupond o surveu

5. Voluntary response bias —4@ evd ¢, NP, ASkea D call ywa o
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_jay 4: ESTIMATING POPULATION PARAMETERS: SAMPLE
“PARAMETERS DEFINED RASE

parameter — O\ Ja L aa e, WUagt NM&PB@AQ@:&D‘
Statistic— __ Q2o Qax 0, Yt (s dalcon MML_MW +o

oo, O poramester

the symbols change as you move from a statistic to a parémeter — students need to know the names of these
greek symbols:

Statistic Parameter
Mean e
: A F o
Standard Deviation S O“
Proportion A
" P
¥ |

Make sure your students understand the difference between a population and a sample!

Take 2 minutes to answer the following questions: ‘k Count DLP

Cerrect
1. What state is called the Sioux State? M:m_m—‘ J.e oS

2. What is the capital of Alabama? ‘_M%Bmw

3. Who was the youngest US President to die in office? .

4. What is the postal abbreviation for Alaska? AK.

5. What type of animal was Babe in the film of the same name? ‘P] A

6. Which city has an area called Haight-Ashbury? :50 N &a NCASCO
7. Which city is the home of jazz?_ﬂug__&lﬁg,m

Assuming that this group is a population, find p: 2 s 25

From a sample of 5, find x: 5

Scanned by CamScanner

—



ding a Margin of Error for a sample proportion:

Margin of error — “cushion” around a statistic ME = \/_, where n is the sample size

Iar@ex smpw Size = Pw

Example 1: Suppose that 900 American teens were surveyed about their favorite event of the Winter
Qlymplcs Ski jumping was the favorite for 20% of those surveyed. This result can be used to predict the true
interval of the proportion of American teens who favor ski jumping.

ME:__,_I_M_____ 5 \ -
{qo0

+rue ndervol = l 20% = 3‘% rn % 23“2.]]

You try! 200 Heritage High School students were surveyed about their favonte event of the year, and 15% of
them answered that Prom was their favorite. Predict the true interval of the percentage of students whose

favorite event is Prom. ‘\ O _,l _ -I a.zo
U5°7° 77 - [87%.,22%] ]
Example 2: If your sample size is 400 and you wish to cut the margin of error in half, what will your new
sample size be? ! R | 5 ,7
ME* F * 36 7|:05257
l ! ! -~
" 1 T = -2 JF} =40
half of 35 =7 . 2 40 Jnrn

20 =100 |
You try! a) You want to cut your margin of error from Example 1 by 75%. What will your new sample size
bed I e ! " 1 )
20 4 |20 :_F_ —?\W\"W/Oﬁ

126 N 'E_lé%bol

b) If you want your margin of error to be 5%, what size sample will you need?

D= 5= "'\f-—g
20=\Yn

=400 |
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. 5. ESTIMATING POPULATION PARAMETERS: SIMULATIONS
" Simulations: \NOJ\A)S"“O YYL(YVLLQJ \,(‘Q_r\a.m onentS ._SU.CMW

Wﬁm ool - pstcld eudromes.

Example 1: Sam decides to order pizza for his Student Government meeting. There are six toppings to choose
from: pepperoni, mushrooms, sausage, peppers, olives, and onions. If he can only order pizzas with two or

fewer toppings and he chooses his toppings randomly, how many pizzas will he have to buy in order to include
every topping?

Let’s set up our simulation: 1 ?-OPPCX'BT\A 6 BQ:N"CS

s L' Bruend

B Swuxa.gu 1-9" no 2 nd _;gpp\ré
Random Digit Table: & E ! '

101 T19 %g% 05%36 2&713 96409 12531 42544 82853 S F‘7’w‘s
102 %E% R D 4baag [R5 36200)
103 45467 71709 77558 00095 32863 29485 82226 90056
704 52711 38889 93074 60227 40011 85848 48767 52573
105 95592 94007 69971 91481 60779 53791 17297 59335
106 68417 35013 15529 72765 85089 57067 50211 47487

What are the results of these trials? W e—r&_ﬂ/ 8 P;'?,m.s N W 'l"O

What predictions can be made based on these results? @n o 2 8 ra'rLiO.S (AJLQ,Q
ned 4o bt evderdd W evder toopet —\repp‘m@ e WP‘E% xe
I OSeN
Example 2: On any given day, Goodberry’s has three flavors available: chocolate, vantifa, and the Flavor of 5

the Day. Goodberry’s claims that, on a normal day, 52% of people choose vanilla, 33% choose chocolate, and
15% choose the Flavor of the Day. If you run a simulation of the first 20 customers to arrive at Goodberry’s on

a random day, can you validate these claims? (g-{a,r-{' en line l07—>

00- 5[ : vorulla vanulla chwocelote BorD
52 - 84 chocelate M1 Il i
§5-a4: Flavor of Y Ioj20= 60  €/20=40%  2[20=1°%

You try! On a certain day the blood bank needs'4 donors with type O blood. How many donors, on average,
would they have to see to get exactly four donors with type O blood, assuming that 45% of the population has

WP OB s, vaundem digjit Hable | MATH-> PRB =2 randint (0,99)

ol ° 610 13 [4] 23] 4,20
| k= uhll nud o see 7 deners before.

will hawt 4 denafions Q-CTlgp-c O
bibod, on gverage.
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/{y 6: EXPECTED VALUE AND FAIR GAMES

Expected value: the weighted average of all possible values that the variable can take on
Probability distribution: all of the values that the variable takes on and their respective probabilities.

The expec'.(ed value, E(x), of a distribution is the mean of that distribution, .
Using a TI-84, put the x values in L1 and the probabilities of each value in L2.
go to STAT, 1 VAR STAT - then enter L1, L2 before pressing ENTER. The expected value is X.

The Law of Large Numbers states that in repeated, independent trials with the same probability p of success in

each trial, the experimental probability will approach the theoretical probability as the number of trials n goes to
infinity.

Example 1: At Tucson Raceway Park, your horse, Secretariat, has a probability of 1/20 of coming in first place,
a probability of 1/10 of coming in second place, and a probability of V4 of coming in third place. First place pays
$4.500 to the winner, second place $3,500 and third place $1,500. Is it worthwhile to enter the race if it costs
$1,000?

In a fair game, the expected value is ! 2

5t | 2 [ 27d Totar| 3500( .05)+2500(.|o)+- 500(-25)
x | 33500 $2.560 $=500 |-$1,000 T (—(ooo)(.b0>
- = -$50
P(x) 0-05 O.IO 0.25 0.(00 N&‘a o [0865 $60)
but mm%mw

drode eams $50 for
heyse Hrat races .‘?ms

owr aver less.

You try! You play a game in which you roll one fair die. If you roll a 6 on the first roll, you win $5. If you roll
a 1 or a 2, you win $2. If you roll anything else, you lose. Create a probability model for this game:

X P 1, 2 2.4.5
payout {5 <2 K0
P(x) iz V3 \fo

What would you be willing to pay to play this game? cost =X

@ (JG)($5'K) o (%5)($1"X) + ("z'.>($0 -x) = O

- I 2 1
S "Lt 3 -gX*0-3x0
S =
2 _% =0
2.4
e i

$1.80=x
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allenge Problem!

Chris and Jack are playing a board game with a fair coin and a fair number cube (die) numbered 1 to 6. They
take turns tossing the coin and dic and then calculate their scores.
Scoring is as follows:
* If the coin lands on heads, the score is twice the number on the die.
If the coin lands on tails, the score is two more than the number on the die.
If the score is a prime number, Chris moves two squares on a game board.
If the score is not a prime number, Jack moves one square on a game board.

Is this a fair game? If not, how could you make it fair?

Heads Tauls

2,4,0,8,10,12 3'4.5‘(,.'“?
T T 1T 1
prme ol ol

| 2 _
Claris'S p-b(SP-eC)hV'fJ 'g (Z) ol (" ‘> =0
FAIR !

. 2 a = (- c
Jad's puspechve g () + 3(-2) POM?-‘-
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