1.1- Constructing & Interpreting Graphs

Friday, February 10, 201 9:58 AM

Categorical Data

w Pie Charts
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w Bar Graphs
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w Relative Frequency Bar Graphs
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Numerical Data (Discrete)

red orange yellow green pink purple

Hi =

w Dot Plots
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passengers

w Stem (and leaf) plots

stem | leaf

9 |0 4

8 |4 795 3
719202
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5 |3

Numerical Data (Continuous)

w Histogram
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Exam Scores
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Numerical Data (Cumulative Frequency Plots)

w Frequency Polygon
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w Ogive Plot
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Stem Plots to Compare Two Groups of Data

pulse rate
before after
9888 |6
8664110 |7
8862 |8 | 6788
609 02245899
4110|044
0O(11]8
12| 44
13
14| 6
w Compare the distribution pulse rate before and after administering
a new drug
3 After
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A Skewed right
A An outlier at 146

A Centered around 95

10| 044
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A Spread between 86 and 146

A Range of 60

3 Before
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A Skew right

A No outliers
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A Lower center at around 70

A Spread between 68 to 110

A Smaller range of 42

Describe the Distribution

w Shape (only for numerical data)
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Examples

w Make a stem plot of the ages in a college classroom 18, 18, 17, 21,
26, 40, 23

ltvss i =17
2 |1 %6
3

H O

w Use your calculator to make a histogram of ages in a college
classroom 18, 18, 17, 21, 26, 40, 23, 27, 22, 19, 20, 21, 18, 35, 32

3 STAT--> EDIF->Enter & Type in the data
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*3 TEXAS INSTRUMENTS
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w Describe the distribution of the graph above

3 skew right

w Students took a statistic quiz. The score for the quiz are below.
Describe the distribution of the quiz scores

Statistics Paae 8
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11245
2|01889
3/001369
1|22446788
2|00

3 Slightly skewed left

3 No outliers
3 Centered around 42
3 Spread of 8 to 50

w Here are the IQ test scores of a few students. Make a stem plot of

these scores.

145 139 126 122 125 130 96 110 120 143

!
|6

]O
1 |1©
12/0256
1304

1413 &

w You are interested in how students in your class get to school in

the morning. You take a survey and collect the following data:
Car 15, Bus 3, Walk 5, Bicycle 8, Skateboard 1

3 Construct a bar graph of your data
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1.2- Summarizing Distributions of Univariate Data

Friday, February 10, 201° 10:38 AM

Measuring Center

w Median

3 The middle number

3 The median is resistant to outliers
w Mean

3 The average number

Y=

- Nta.tax, Z%—

w Calculation

3 STAT+CALC+1

*5 Texas INSTRUMENTS

3 2ND + 1(L1)
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{{i Texas [INSTRUMENTS

Measuring Position

w Percentiles
3 Percentage of observations your value is above

3 30th percentile is the value  below which 30 percent of the

observations may be found
3 Take the average if there are two values
w Quartiles
3 Q1 =first quartile = 25th percentile
3 Q2 =median =50 th percentile

3 Q3 = third quartile = 75th percentile

Measuring Spread

w Range

Statistics Paqge 12



3 Highest - Lowest
w IQR (Interquartile Range)
3 Q3-Q1
w Variance / Standard Deviation

, 2 (x=a)

Fariance=0" =

77—

SD = Variance = o

3 Use Sx in the TI -84 calculator

Outliers

w 1.5*IQR rule
3 Q1 - 1.5*IQR = Bottom fence
3 Q3+ 1.5*IQR = Upper fence

3 Outside the "fence" = Quitlier

w Example
0,0,1,6,2,2,.4.3,3,5,1.4,9
@ = L a.5)(Iar)
CQ},:HS (15'.)(7?'5.): 525
Loz s~ = 3.5
]y - ],
nk
J ™ v
O Q, Q3 9
\ -
i (-S.2% 4S+s.29
A . = 9,75
- —H g
Boxplots

w Graph of the "5 -number Summary"
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w Min Q1 Median Q3 Max

Medi .
Lower Quarltile edian Upper Quartile i
(Q1) (Q2) (Q2) Ouliers
Ouliers | S |
| - 4 |
,|. Minimum------- — Maximum -;-
«— 15I1QR e IQR " 151QR —*
E i Upper Limit
Lower Limit
Data Range

160

Frequency

40

Frequency

Frequency

0 20 40 60

250

Frequency

100

i ¥4

w Example
3 18, 18,17, 27, 22,19, 20, 21, 18, 35, 32, 40
3 Min: 17
3 Q1:18
3 Median: 20.5
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3 Q3:295

3 Max: 40

w Calculator

3 Boxplot

3 Modified Boxplot

Statistics Paage 15



43 TEXAS INSTRUMENTS

SOCS

w Shape

3 Skewed left/right
w Outlier

2 Q1-15*IQR

3 Q3+15*IQR
w Center

3 Mean or Median
w Spread

3 SDorlQR
w Example

3 18, 18,17, 21, 26, 40, 23, 27, 22, 19, 20, 21, 18, 35, 32

3 Skewed right
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3 No outliers
3 Centered at a median of 20.5

3 Aspread of IQR =115

The Effect of Changing Units on Summary Measures
w Linear Transformations
3 Xnew =A+B*X opg
3 A:only affect mean and median

3 B: affectall
Examples

72 93 70 59 78 74 65 T3 80 !
72 57T &8 76 T4 56 68 67 74 110

w Construct a modified boxplot for this data set

oy |
|

67

3 Min =56

3 Q1=66

3 Med=72

3 Q3=77

3 Max =100

2 IQR=Q3 -Q1=11

3 IQR*1.5=16.5

3 Bottomfence=Q1 -IQR*1.5=495

3 Upperfence=Q3 +IQR*1.5=93.5

T -
1
§5S (s 7§ 8 4S5 los 1S

w Describe the distribution of test scores

3 Symmetric

3 One outlier at 110

Statistics Paage 17



3 Centered at a median of 72

3 With a spread of IQR of 11
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2.1- Correlation & Regression

Friday, February 10, 201" 2:11 PM

Scatterplots

Explanatory Response
Age Distance
Driver 1 18 510
Drver 2 32 410
Driver 3 55 420
Driver 4 23 510
Driver 20 o k0

Interpreting Scatterplots

w Direction: Positive or Negative

Statistics Page 19



SCATTER PLOT EXAMFLES

X X Y
- . n -
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“O| Positve ~ O Negative "X O No "X
| Correlation | Correlation Correlation

w Form: Linear or Non -linear

Linear

Mo linear relationship

L 4

w Strength: Weak, Moderate or Strong
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strong positive linear

association

w Example

Statistics

weak positive linear
association

Paage 20




- &
ol
- | o o
E (-3 -] ")
o s “
£ n*“g
[= Lo L= o
~ O O
[=)

= & o

4 _Pﬂﬂ

— I T L T T 1

el 80 100 120 140 160
Hor sepower

3 Positive, linear, strong relationship between horsepower and weight in tons.

Correlation Coefficient (r)

Correlation Coefficient
Shows Strength & Direction of Correlation

| Strong +———— Weak | Weak ——— Strong |

-1.0 -0.5 0.0 +0.5 +1.0
Negative Zero Positive
Correlation Correlation
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Least Squares Regression Line
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Airfare = 0117 Distance + 83, r*2 = 063,
=um of 2guares = 14310
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w A regression line is a line that describes  how y changes as x changes
w Can be usedto predict the value of y for a given value of x

w Called the Least Squares regression line because it make the  smallest sum of

squares
w LSRL will always run through the point (mean of x, mean of y)

w Formulas (hat = predicted)

ﬁ=bﬂ+bl.r
bﬂz_}_f—blf
b _E(If_f)(yi_-‘_’)
=
Z(":‘_E)Z
s
blzré
1 x.—-x\Yy.—y
rz”_lz( lsx Isy

w Remember to note what x and y are
w Calculation

3 Input data

*{i TEXAS INSTRUMENTS

........
ey 111 7Y FESRSTRTRARI I RRRRRS M B by

3 STAT-->CALC--> 4:LinReg(ax+b)

3 LinReg(ax+b) L1, L2
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i# TEXAS INSTRUMENTS

*3 Texas INSTRUMENTS

3 Do LinReg again to display r

43 TExas INSTRUMENTS

Coefficient of Determination

W RN2=r"2

Statistics Paqge 24




w Coefficient of Determination = (Correlation Coefficient)"2

w Percent of the changeiny thatis explained by the change by the  changeinx /

least squares regression line
w From the previous example, 41.9% of the change in y can be explained by the

change in x

Residuals (? error)

w Residuals = observed/actualy - predicted y
w Resid=y -y hat

w Resid < 0: Overpredicted

w Resid > 0: Underpredicted

YA
1!-. QO o

o actual data point I:IJ.- }'I-:I

redicted data point |:.1[J.- }",_:I

4
i "

w Residual Plot

| Rezidual = ¥ -¥a

Predicted vs Actual Residuals
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< 95 e

28 4 i -2

15 4

. . . . T . . . . . . T . .
20 25 30 35 48 45 5@ 20 25 30 35 48 45 50
Predicted values for Revenue Predicted values for Revenue
3 no pattern = good fit
w Example
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X 3 1 15 6 2

Y 10 3 14 15 6

Y hat 10.1 6.76 7.60 15.11 8.43

Residuals -0.1 -3.76 6.4 -0.11  -2.43
w Calculator

3 Type the regression equation in L3 (y hat)

43 TExas INSTRUMENTS

|

3 L4=L2-L3

*3 Texas INSTRUMENTS

3 Graph L1, L4 (Residuals)
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J{i TEXAS INSTRUMENTS

Examples

w At the summer school, one of Sarah's teachers told her that you can determine
air temperature from the number of cricket chirps

1. What is the explanatory variable, and what it the response variable
3 Explanatory/independent variable: cricket chirps
3 Response/dependent variable: air temperature

2. To determine a formula, Sarah collected data on temperature and number of
chirps per minute on 14 occasions. She entered the data into her calculator and
did 2 -Var Stats. Here are some results. Use this information to find the equation

of the least -squares regression line

Xbar  165.8
Sx 32.0

Ybar  76.83
Sy 9.23
r 0.361

3 b=r*Sy/Sx =0.104

3 Ybar =a + b*Xbar

3 a=Ybar - b*Xbar =59.57

3 Yhat=59.57 + 0.14 * x

3 Where y = air temperature, and x = cricket chirps

3. One of Sarah's data points was recorded on a particularly hot day (95F). She

Statistics Paqge 27



counted 2432 cricket chirps in one minute. What is the residual for this data

point?

3 Residual=Y - Yhat =95 - (59.57 + 0.104 * 2432) = -217.498
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2.2- Regression, Part I

Friday, February 10, 201"

4:49 PM

Outliers and Influential Points

w An outlier is an observation that lies outside the overall pattern

3 Outliers in the Y direction will lead to large residuals

w Influential observations

removed

w Points with high

are points that would greatly change the result if

leverage have values far from the mean (of X or Y)

A High leverage B High discrepancy c High influence
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i
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1
i
=100 - =100 - > 100 -
i
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. i

- A ! Ll

0+ 0+ ) 01

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
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“TTCans ‘?OM'K
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= ab* Log Y= Lloga+xLloghb
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________ - 3‘£_
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w Example
80
L e _Rey, *s
0 - L i.:.'.. ﬂ
60 < §* 5 L '
: m" Life = 10 + .008(GDP)
m--
0 'IU.;UO Zﬂ,l;m ml]l;]
GDP
80 —
70 s :r;w- -
§°7 fi Life = 30 + 4.3(Ln(GDP))
50 '-.ho .
-
40 i
% T . g r
B 7 B § 10
log(GDP)
Confounding

w Correlation does not prove causation
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w A Lurking Variables is one that is not the explanatory (x) or response (y)

CAUSATION

CAUSATION

variable in the study, but can influence how we interpret the relationship

between them

w What looks like an association between x and y but is a Common Response

X appears
[E:planatnr]r] related to Y 5 [ Response ]

A Y

Partial reason for
association

Lurking
variables

w Confounding

3 Theresponse is at least partially due to a third factor

w Comparison
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w Example

3 There is a positive association between the number of drowning and
hot dog sales. Is the association between two variables most likely due

to causation, cofounding, or common response? Justify your answer.

A Answer: Common Response
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3 According to the 19990 census, those states with an above -average
number X of people who fail to complete high school tend to have an
above average number Y of infant deaths. In other words, there is a

positive association between X and Y. The most plausible explanation
for this is?

A Answer: Common Response

%

”(.?:pxtd 4_“"... | \:,} |

. ) e
oS b
— (./-1"
X +

3 A drug company is testing a new cream to relieve skin rashes. They try
it on 20 people and a placebo on 20 people and find that it works
better. Later someone realizes that the new cream was tested on
mostly all men and the placebo was tested on mostly all women. Is it
possible the difference seen could have been due to confounding?
What about common response?
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3.1 - Planning & Conducting Surveys

201720100 T QiF 1 A 554

Census vs. Survey

w A parameter is a numerical description ofa  population characteristic

w A statistic is a numerical description ofa  sample characteristic

(452

A
N fo{”"w

f7

fopa e

Census Population Parameter

Survey Sample Statistic

Characteristics of a Well -Designed and Well -Conducted
Survey
w Representative sample
3 Must represent the population that you want to draw inference about
w Random sample
w Does not introduce bias
Bias

w Whatis it?
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w How might it occur?
3 Wording of the question
3 Sample technique
A Under -coverage: miss a certain group of people

A Non -response: someone in your sample choose not to respond

Random Sampling

w Simple Random Sample (SRS)
3 Random digit table
3 Calculator

A MATH --> PRB -- > randInt(lower, upper, number of numbers)

w Stratified Random Sampling
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Stratified Population

Stratified Random Sampling

w Cluster Sample

10

Cluster Population

w Systematic Random Sample

Statistics Paqge 37
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Population

Systematic Random Sampling

w Comparison
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Simple Random Sampling

L . ® ® . o . - G)
. o - @ ) i ) & @ . “ . - i e
O e, ® B L * . .
» > * 9 * . % e ®
Stratified Random Sampling
T @ e ® » s . "
e @ . ) v (:3 ’ r@ (? '-l .
@ X .. . i .I . [ - : @ .
Cluster Sampling

w Example

a. If you wanted to select a sample of school children and you did this by

selecting an SRS of classrooms this would be an example of what type of

sampling?
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A Cluster

b. If you wanted to select a sample of school children and you did this by
randomly selecting 5 children from each grade this would be an example

of what type of sampling?

A Stratified

Non -Random Sampling

w Convenience Sample
3 Selecting those that are easy of convenient

w Voluntary Response Sample
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3.2- Planning & Conducting Experiments

Saturday, February 11, 201" 12:11 AM

Experiments vs. Observational Studies

w Ovservational Study
3 Observe individuals
3 Measure variables
3 Do NOT influence the response

A Has global warming effected penguin mating behavior

w Experiment
3 Do something to your individuals
3 Observe/measure response

A Does housing penguins in warmer environments effect mating behavior?
Placebo Effect

w The phenomenon where patients get better  because they expect the treatment to
work.

w Many statistical studies involve testing the effectiveness of drugs. A placebo looks
identical to the actual drug but contains no active ingredient and so has no real
physical effect.

w Humans want to be helped by the medication that is administered to them. If they

think they are receiving a drug to help their condition, they tend to improve even if it
turns out that the drug is a placebo.

Characteristics of a Well -Designed and Well -Conducted
Experiment
w Control
3 The effect of lurking variables , most often by comparing treatments

3 Example: a "Control group” in a drug study to eliminate the "confounding

effects” of environment or the placebo effect

w Replicate
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3 Each treatment on many unitsto  reduce chance variation
3 Example: do the mouse study many times
w Randomize
3 Use probability (chance) to assign experimental units to treatments
3 May be the most important !!

3 Because it allows us to say the different treatment groups start out similar

Completely Randomized Design

w If all the experimental units (subjects of the experiment) are randomly assigned to
either the control group orto the treatmentgroup ,then the experiment has a

completely randomized design.

Random

Selection Treatment Group A

/ Treatment Group B \

Subijects Compare Results

\‘ Treatment Group C /

Control Group

w Randomize by assigning each subject a number and then generating it to choose

treatment groups

Block Randomization

w Placing subjects into  groups of similar individuals . The random assignments into
treatment groups is carried out separately within each block (think stratified random

sample)
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Treatment Group A
75 Male Subjects

Treatment Group B
75 Male Subjects

300 Male Subjects

Treatment Group C
75 Male Subjects

Control Group
75 Male Subjects

%

500 Subjects

Treatment Group A
50 Female Subjects

Treatment Group B
50 Female Subjects

200 Female Subjects

Treatment Group C
50 Female Subjects

Control Group
50 Female Subjects

Matched Pairs Design

w Subjects are matched into pairs  and get different treatments

N\

Compare Results

i

Compare Results

i

w Matched pairs are more similar than random unmatched subjects

w Randomizing the rest of the experiment is still important!!!

.., \‘-'

e, -

”

AVES Y
Toms %o;:

leS+ VS, Q.',-.h

Experimental Set Up

w Treatment Imposed = Independent Variable = Factors
w Experimental Units = Subjects

w Response Variable Observed = Dependent Variable

Statistics Paage 43
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Treatment imposed
aka ‘independent
variable’
aka ‘factors’

smooth strain
{virulent)

rough strain
(nonvirulent)

experimental
units
aka ‘subjects’

Response
variable observed
aka ‘dependent
variable’
Double -Blind Experiment

SINGLE BLIND

A\

o S
\

mouse lives mouse dies

~ Patients
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DOUBLE BLIND
?

- Patients

@
g Doctor

w In a double -blind experiment, neither the subjects nor the researchers know to which
group, treatment, or control, subjects have been assigned. If a researcher knows that
a subject is in the control group, they do not expect a treatment effect, and their
measurement of a response might be understated. If a researcher knows that a
subject is in the treatment group, they might overstate a response simply because

they expect it.

w An experiment might also be single  -blind. In this case, only one of the participants,

either the subjects or the researchers, knows to which group the subjects have been

assigned.

w Avoids unconscious bias

Generalizability of Results

w To determine if our data is "statically significant”
3 i.e.is an observed effect so large that it would rarely occur by chance
w If we designed and conducted our experiment well, we can generalize these results
to the population!

Practice Questions

w Control groups are used in experiments in order to

a. Control the effects of outside variables on the outcome
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b. Control the subjects of a study to ensure that all participate equally

c. Guarantee that someone other than the investigators, who have a vested
interest in the outcome, controls how the experiment is conducted

d. Achieve a proper and uniform level of randomization
Answer: a

w Angiotensin -converting enzyme (ACE) inhibitors are used to treat high blood
pressure. We want to conduct an experiment to see if a new blood pressure drug
works even better than ACE inhibitors. Design a completely randomized experiment

to test this.

w In conducting an experiment to see if a new blood pressure drug works even better
than ACE inhibitors. We learn that men and women may react differently to common
cardiovascular drug treatments. Design a randomized experiment to test this with

your new information on gender.

3 We will conduct a randomized blocked experiment, blocking on gender.

Coup | — ACE Loh,
efp? QCOf P WP-L
3 MEN oo L — Neo Tx bf

[Sopi

a4
- , m58‘0~f"f — N Tx,

w The Community Intervention Trial for Smoking Cessation (COMMIT) asked whether a
community -wide advertising campaign would reduce smoking. The researchers
located 11 pairs of communities that were  similar in location, size, economic status,
and so on. One community in each pair participated in the advertising campaign and
the other did not. This is
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an observational study

a matched pairs experiment

a completely randomized experiment
a block design

Answer: b

w A study of cell phones and the risk of brain cancer looked at a group of 469 people

who have brain cancer. The investigators matched each cancer patient with a person

of the same sex, age, and race who did not have brain cancer, then asked about the

use of cell phones. This is

a.

b.

C.

an observational study

an uncontrolled experiment

a randomized comparative experiment
a matched pairs experiment

a survey

Answer: a

w A fitness instructor wants to test the effectiveness of a performance -enhancing

herbal supplement. Design an experiment to test this supplement

S
é

Double blind, (placebo controlled), matched pairs experiment:
Match subjects based on performance in a fithess test and gender

Randomize who in the pair gets the new supplement and who gets the old

supplement / placebo.

Give both in the same packaging, making sure the subject doesn't know the
group and person measuring fithess doesn't know the group either.

w A researcher believes that students may do better on a test when taken in the same

classroom where the material was learned. To test this theory she plans to present a

lecture and then give students a multiple choice quiz on the material. She knows

there is a lot of variability in the students' academic ability. Design a study to test her

hypothesis.

3 Block on academic ability
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4.1- Probability Overview

Monday, February 13, 2017 3:39 PM

Probability Model

w A mathematical description of a random phenomenon.
w The Probability Model consists of
3 Sample Space (S) = the set of all possible outcomes
3 Event within the sample space = an outcome or set of outcomes in S

3 Probabilities associated with each event

xlp |

AV

Disjoint Events (aka Mutually Exclusive)

w Disjoint / mutually exclusive example

w Not disjoint / not mutually exclusive example
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Aand B S

P(AUB)=P(A)+P(B)—P(A|"]B)
Independence vs. Dependence

w A conditional probability is the probability of some event occurring, given that
some other event has already occurred. The conditional probability of event X
occurring, given that some other event Y has already occurred, is written as
P(X|Y).

w For example, P(M|N) would be the probability of the occurrence of event M
jlyhg wkdw hyhgw Q kdv douhdg)] rffxuuhg.
P/ jlyhqg Q16

w As stated earlier, two events are considered independent if the occurrence of
one of the events does not change the probability of the other event from what
it would have been had the first event not occurred. Thus, two events, X and Y,
are independent if P(X|Y) = P(X) or P(Y|X) = P(Y)

w Actually, these two conditional relationships are related. If one is true, the other
must be true. If one is false, the other must be false.

w If P(X]Y) = P(X) , then P(Y|X) = P(Y) , and the events are independent

w If P(X[Y) ? P(X), then P(Y|X) ? P(Y), and the events are dependent .

Probability Rules

w Notation
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P(AorB) = P(AVE)
P (AandB) = PCA £ed
P( A given B happened) = P(A [ 6)
P(not A) = P(AD

P
— c

e FCA™D

w Rules
The Addition Rule: AA or B) = AA) + P(B) —= AA and B).
Special case of The Addition Rule. If A and B are mutually exclusive,
P(A and B) = 0, so (A or B) = AA) + P(B).
The Multiplication Rule: P(A and B) = P(A)*ABIA).
Special case of The Multiplication Rule: If A and B are independent,
P(BIA) = P(B), so P(A and B) = P(A)*P(B).

Overview
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f Venn Diagrams
Complement

P(A) + P(A") = 1

A’
OO

o

Union

P(AUB) = P(A)(3)P(B) - P(AB)
@ !'\/\,-\/

“ ¢ ~oWeckp
itersection '(A’t\b)i-o
P(A n B)=zPA P

PCad « PCB| A) +

_ Independent
P(A)xP(B) = P(A n B)
\ Not Dr5ipmit j

il

Bayes Rule
_P(DnT) P(T|D)P(D)
POI="5) = #(n)
P(T|D)P(D)

) P(T|D)P(D)+ P(T\ﬂf-']P(ﬂ“]
P(A,B)
P(B)
P(BIA)P(A)
P(B)

P(B|A) P(A,B) = P(B|A)P(A) P(A[B)=

P(AB) =

Statistics Paqge 52



P(Un +)

+|U}/{u 495%)

P{U}/<F‘{-IU}

o % P(Un -)
0.5% (1%) 5"“" (0.005%)
T P(U n +)
P(U) t
(99.5%) {Irliil}f’” (0.995%)
\.<P9{9|G}
i P(0 n -)
e (98.505%)
Simulations

w Imitating a real world process
w Follow a few steps
1. Describe the possible outcomes
2. Determine the probability of each outcome
3. Link each outcome to one or more  random numbers
4. Choose arandom number for each "trial"
5. Based on the random number, note the "simulated" outcome

6. Repeat step 4 and 5 for each "simulation”

Practice Questions

w A basketball player shoots 8 free throws during a game. We are interested in the

probability that she makes 4.

3 Describe the probability model in this case
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Evetr | malkes b r’frf) MMM M

f(CbCJ).’l-‘ff':) i f’(‘dx&.’h'é:) oFf .w-.m.-:) eaclhy ust
be SN
w Let A be the event that a victim of violent death was a woman and B the event

that the death was a suicide. The proportion of suicides among violent deaths of

woman is expressed in probability notation as
a. 0.5
b. 0.126
c. P(Aand B)
d. P(A|B)
e. P(B|A)
Answer: e

w Suppose that for a group of consumers, the probability of eating pretzels is 0.65
and that the probability of drinking Coke is 0.75. The probability of eating
pretzels and drinking Coke is 0.45. Determine if those two events are

independent.
2z P(P)=0.65
3 P(C)=0.75
3 P(P and C)=0.45
3 P(P and C)>P(P)*P(C)
3 So P and C are not independent

w What is the probability that the students is either a female of at least 35 years

old?
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Age 14-17 18-24

Male 30 500
p—
-
| Female 50 620
80 1120

PCF oc S 35)

(CFU 255) = FF)+ P(23D —TlFayss)
2z 18
1168 5 (¥ 1468
.657\

w Generally speaking, 1% of college football players use steroids, but your friend

on the football team has tested positive for steroid use. The blood test the
league uses correctly comes up positive for 95% of steroid users, but mistakenly
comes up positive for 1% of non  -users. Given that your friend tested positive,

how likely is it that he has been using steroids?

P(S )= P(s n+) _ P(+19) - PGs)

P(S): (o) LIS T
PHNS)=(qg L+ v/ suwds = Plals) -Fe)

S w ot
P(+1%) =0 \# i siods = TGS - PL5)

FEAD = 1-PCAD = |9 - FCs)

(S = 1-P(sd)=.911 [
~ (s) -Col Lf’C-Hs) rcs.)3+[9c+|.c..) m)]

9§ '_ql\ +(.ol - KL\

w Of all the soda drinkers in a particular district, 40% prefer brand A and 60%

prefer brand B. Of those drinkers who prefer brand A, 30% are females, and of
those who prefer brand B, 40% are female. What is the probability that a
randomly selected soda drinker prefers brand A, given that the person selected

is a female
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P(AF) _ PIFIAY -FeA)

P A= .HO PCAIF) =

PCA)= - 60 \/\f‘:)/
F(F\‘Dmo Fo/d = f(F/A}r.fm)
HE1D = F ol A s fF|RYPAD

m—M) FeA)
f(Al oS [?FMB rAS\+{HEIRY - U7\

= 30)(. 40) - 2.
TC 3 4N \+T 7 . #0D( b\~ % = 123
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4.2- Intro to Probability for Discrete Random Variable

Monday, February 13, 2017 5:09 PM

Discrete vs. Continuous RVs (Random Variables)
w A discrete RV has a countable number of possible outcomes
3 number of students present
3 number of red marbles in a jar
3 number of heads when flipping three coins

3 students ' grade level

Probability Distribution of X

Probability

Outcome

w A continuous RV can take any values in an interval of numbers
3 height of students in class
3 weight of students in class
3 time it takes to get to school

3 distance traveled between classes
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P(a < X < b) = area of shaded region

Probability Distribution

w The probability distribution  of a discrete RV(X) list all the values possible

and their probabilities

List of possible
values

T— x |0 |1
Frovanity o | < P(X=x) |1/4]1/2]1/4

each value

w The probabilities must:
3 All be a number between 0 and 1

3 Together add upto 1

Mean = Expected Value

w Formula
fh = NPy Xyt D,
=Y. X:D;

w Calculator

3 Typein XinLlandPinL2
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Variance = Standard Deviation

w Formula

&7 =Y (X -f1)

w Calculator
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Practice Questions

w A bin contains ten $1 bills, five $2 bills, three $5 bills, one $10 bill, and one
$100 bill. A person is charged $10 to select one bill. Let the random variable

(X) be the amount someone wins by playing.

3 Construct a probability distribution for these data.
X ’—*"\ -$9 )—55' 40(1‘?0
PX=x)| 2= | £ 1 \ v

S T2
20 20 \ 20 | 20| 20

3 What is the mean and standard deviation of the amount of money

someone can expect to win?

My - éﬁx‘-)trrﬁ (-8 )+ o))

-H.& + - t4q8
==2.78 “
Ox-20.39 omzcx‘ ) P -q-¢2,25)) U2

w You work for a company and are tasked with evaluating a proposed
venture. The venture stands to make a profit of $10,000 with probability
4/20, to make a profit of $5200 with probability 8/20, to break even with
probability 1/4, and to lose $5000 with probability 3/20. The expected profit

in dollars is? Would you recommend this venture?

&3 Texas INSTRUMENTS
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{5 TEXAS INSTRUMENTS

3 Answer: The expected profit is $3330. Recommend, because the
standard deviation is not so large
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4.3- Discrete Random Variables

Monday, February 13, 2017 10:24 PM

Binomial Distribution

w BINP
3 B = Binary process = 2 process
3 | =Independent event
3 N = Number of trials
3 P = Probability of success
w Binomial Probability
3 binompdf(n, p, x)
3 n=trials

3 p=probability

3 x=value
This starts the count of This is the probability
number of ways event can of success for x trials.
ocour. e
A | |

*

X F—X

P(x) = ( )lxlp'q,]\

n-XxX

This ends the count of //_’1 /;/T This Is the pmhahillt!’f
number of ways event can This deletes of fallure for the x trials.
DEEUr. duplications.

w Calculator

3 2ND + VARS (DISTR)
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w binompdf vs binomcdf
P(X =c)=bmompdf(n, p,c)
n -> number of trials

p -> probability of success

This finds the probability of exactly
¢ successes, for some number c.
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P(X £c¢)=bmomcedf (n, p,c)

n -> number of trials
p -> probability of success

This finds the probability of
c or fewer successes.

Practice Questions for Binomial Distribution

w A manufacturer produces a large number of toasters. From past experience, the
manufacturer knows that approximately 4% are defective. In a quality control

procedure, we randomly select 40 toasters for testing.

3 Determine the probability that exactly one of the toasters is defective
N=410 Bvom phF () F, x)
':- . OL’ ‘
PCx=1) = Bronpif (azho, Pe.dtx]

P(x=1) :

el o+ o .
(oW — , q
TR (oD (-0

3 Find the probability that at most two of the toasters are defective

&

2 oc lesy O Il. L Bt,_.
PEX <2 {_’)homicN‘(a) P, X))
= P(X_ﬁ;)

=7

3 Find the probability that more than three toasters are defective
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éma EUH ;

| — bhoﬁr_c)@(n P,X) = .07
\/v %
o' 3

Geometric Distribution

w BINP

3 Not given the number of trials
w Question Format

3 How many trials until a success
w Geometric Probability

3 geometpdf(p,x)

3 geometcdf(p,x)

3 p=probability of success

3 x=number of trials until 1 success

PX=k=1-p)p
3 fail before

5/6*5/6*5/6*
1/6

18 S
16
14 4
AZis
A
08 -
06 -
.04

29 roll probability is the
probability of a failure
followed by a success.

Probability

{0725,

OO 1 1 1 ) I 1 1 1 1
1 2 ) 4 5 %) 7 & 9 10
Number of rolls

AP Statistics, Section 822 6
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Practice Questions for Geometric Distribution

w There is a probability of 0.09 that a vaccine will cause a certain side effect. Suppose
that a number of patients are inoculated with the vaccine. We are interested in the

number of patients vaccinated until the first side effect is observed

3 Find the probability that exactly 4 patients must be vaccinated in order to

observe the first side effect.

Qi TEXAS INSTRUMENTS

fex - '*)séoq)(:-,oqg-l

3 What is the probability that the number of patients vaccinated until the first

side effect is observed at most 5?

P(X4S)
= Geometrtde (P, >'<> - 38]
\l/ v

o1 ©

~N—

Mean and Standard Deviation
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Binomial

Geometric

Mean
Variance

Standard Deviation

Mean

Variance

Standard Deviation
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4.4- Combining Independent Random Variables

Tuesday, February 14,201 2:11 PM

Mean and SD of Two Random Variables

w Mean

w Variance
O..-0.7"0,
()- 1'-_r': ()- r+()-.:'

Transforming Random Variables (Linear Transformations)

U
s

W Mean

u o

w Variance

Ol

2 o)

G aHior

Practice Questions

c:;!
Q

w You have a sample of male/female couples. The mean height of all the woman is
65 inches, with a standard deviation of 4 inches. The mean height of all the men

is 70 inches, with a standard deviation of 6 inches.

3 What is the average combined height of the couples? What is the standard

deviation of the combined height?

Statistics Paqge 68



Mwam = M+ M
=65 +70

T P L =

T A
= () + ()
= )6 + 3¢
= sz o ANsz =f7.2) 200m
3 What is the average difference in the height of the couples? What is the

standard deviation of the difference
/(./tw-M a— AMw - /(/(u
6S — 20 =-%
A r 'L
T
Y + 14 =
OL,-m = \/82

w A report of the National Center for Health Statistics says that the helght of 20
year-old men have mean 176.8 cm and standard deviation 7.2 cm. There are 2.54

cm in an inch. What are the mean and standard deviation in inches?

Ml--das -T-__/(/(c.h

2.5

= )72£.Q
zg._f - éq'é

Crmees —( 3(7 2.)
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O = Qods =2 . Q¥

w The number of calories in a one -ounce serving of a breakfast cereal is a random
variable with mean 110. The number of calories in a full cup of whole milk is a
random variable with mean 140. For breakfast you eat one ounce of the cereal
with 1/2 cup of whole milk. Let Z be the random variable that represents the
total number of calories in this breakfast. What is the mean and SD of Z?

Zofot-m Calocec, — Cefec) +-25~_m:uc

MZ = MCW\ “""iMﬁ-llL

— L -
(Z)

w Your school has the best men's swimming team in the region. The 400 -meter
freestyle relay team is undefeated this year. In the 400  -meter relay, each
swimmer swims 100 meters. The times, in seconds, for the four swimmers this
season are approximately Normally distributed with means and standard
deviations as shown

Mean SD

John 55.2 2.8
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Jerry 58 3
Jim 56.3 2.6
Joe 54.7 2.7

Find the mean and standard deviation for the total team time in the 400

meter freestyle relay.
A Mean = 55.2+58+56.3+54.7 = 224.2
A Variance = 2.8/2+32+2.6"2+2.7/2 = 30.89
A SD=5.6

Find the mean and standard deviation for the average time of a single

swimmer
A Mean = 224.2/4 = 56.05
A Variance = 30.89/4"2 = 1.9306

A SD=1.39
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4.5- Normal Random Variables

Tuesday, February 14,201 2:12 PM

The Empirical Rule

= 99.7% of data are within
3 standard deviations of

the mean (u — 30 to u + 30)

Y

059% within
2 standard deviations

A

«—— 68% within —»
| standard
deviation

34%

mw—3c p—2o B — o o w+ o w+2c w30

Z Scores (Standardized Score)

w How many standard deviations away from the mean your value X is

,(L — Mean

(0 — Standard Deviation
Using the Normal Table

<
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.

Probability

H 00 A1 L2 3 A 5 06 7 1) .09
-34 0003 L0003 0003 L3003 0003 L0003 0003 Q003 Q003 0002
-33 0005 0005 00035 0004 L0004 L0004 0004 0004 0004 0003
-3.2 007 0007 006 006 00e L0006 0006 0005 L0005 0003
=31 0010 0009 009 L0009 008 L0008 0008 Q008 0007 L0007
=3.0 0013 (013 0013 012 0012 011 0011 0011 L0000 0010
-29 0019 D018 D018 0017 0016 0016 0015 0015 0014 0014
-2.8 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
—2.7 0035 0034 0033 0032 0031 0030 0029 D028 0027 026
-2.6 0047 D045 0044 0043 0041 0040 0039 0038 0037 0036
=2.5 0062 0060 0059 0057 {0035 (0054 0052 0051 0049 0048
-24 082 0080 0078 LTS 0073 L0071 0069 Q068 Q066 064
=23 0107 0104 102 L0099 D096 L0094 0091 L0089 J087 084
=22 0139 0136 0132 129 0125 0122 0119 0116 0113 0110
=21 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-2.0 228 0222 217 0212 207 0202 0197 0192 AI1EE 0183
-1.9 {287 0281 0274 L0268 0262 0256 0250 0244 0239 0233
-1.8 0359 0351 0344 0336 0329 0322 0314 L0307 0301 0294
-1.7 {0446 0436 0427 418 0409 20401 0392 0384 L0375 {0367
-1.6 0548 A537 0526 0516 0505 0495 L0485 AMT5 465 0455
=13 668 635 Ded3 0630 D618 0606 05394 1582 L1571 0359
-1.4 B0E 793 TR [red 0749 M735 0721 A708 0694 681
-1.3 {968 0951 0934 0918 0901 885 086 0853 (E38 0823
-1.2 d151 1131 1112 1093 A075 1056 1038 1020 A003 985
-1.1 U357 1335 1314 1292 A271 1251 1230 A210 1190 A170
-1.0 1587 1562 1539 1515 1492 1469 1446 14323 1401 1379
-0.9 1841 814 1788 1762 1736 1711 1685 1660 1635 1611
-0.8 2119 2000 20861 2033 2005 1977 1949 1922 1894 1867
=07 2420 2389 2358 2327 2296 2206 2236 2206 L2177 2148
-0.6 2743 2709 26876 2643 2611 2578 2546 2314 2483 2451
-0.5 3085 3050 A015 2981 2946 2912 2877 2843 2810 2776
-4 446 3409 .A372 3336 3300 3264 32328 3192 3156 3121
-3 3821 ITH3 3745 S707 36609 3632 3594 3557 3520 3483
-2 A207 4168 A129 A090 A052 A013 3974 3936 J897 3859
-0.1 A602 4562 4522 A4E3 Ad43 Ad04 A364 A3325 A2R6 A247
-0 5000 4960 A920 ABRO A8 A801 4761 4721 A681 641
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Table entry for z is the

probability lying below z.

Table A (Continued)

Probability

z A0 A1 L2 03 04 5 06 A7 A8 L9
0.0 5000 5040 SOB0 S120 5160 5199 5239 5279 5319 5359
0.1 5308 5438 5478 5517 5537 5596 5636 5675 A714 5753
0.2 5793 5832 5871 5910 5948 5987 H026 bl64 H103 b141
0.3 6179 6217 6255 6293 6331 6368 6406 6443 L6480 6517
0.4 6554 6391 6628 6664 6700 6736 6772 6RO B84 68T
0.5 6915 6950 6985 7019 7054 .TOBE J123 J157 190 224
0.6 2T 7291 324 4357 7389 1422 7454 T486 JaLY 7549
0.7 580 7611 1642 7673 J704 TJ734 TJ764 J794 7823 T852
0.8 7881 7910 7939 7967 7995 B023 8051 8078 B106 8133
0.9 8159 B186 8212 B238 B264 B289 8315 B340 8365 B389
1.0 B413 Hd3R Bdel B4E5 B508 8531 8554 B5T77 BS99 8621
1.1 B643 H665 R0 HT08 H729 B749 B0 HT90 HE10 HE830
1.2 HB849 HE69 BHEB 8907 B925 B944 8962 HOE0 H99T G015
1.3 032 G049 066 S082 G099 S115 9131 9147 gla2 G177
14 9192 G207 0222 N236 9251 9265 49279 9202 4306 G319
1.5 9332 9345 9357 8370 O3E2 09304 8406 D418 9429 G441
1.6 9452 9463 9474 D484 94935 4505 8515 9525 9535 9545
1.7 4554 9564 9573 0582 9591 4599 4608 4616 9625 9633
1.8 9641 649 D656 L664 2671 Y678 R 2693 694 706
1.9 9713 9719 9726 732 9738 O744 8750 9756 9761 9767
2.0 9772 R AT83 M788 9793 AT98 AB03 G808 G812 G817
2.1 9821 9826 OE30 HE34 B3R 842 MB46 9830 U854 9857
2.2 9861 G864 OHGE A871 875 OETH O8El OBH4 OERT G890
2.3 9893 9896 R A901 9904 4906 A909 9911 9913 9916
2.4 A1 8920 9922 M92s 9927 49929 L9351 9932 4934 4936
2.5 U3 9940 9041 0943 0045 R H948 G049 4us] 90952
26 53 9955 9956 H957 9959 9960 9961 9962 9963 9964
2.7 9965 9966 9967 8968 9969 49970 4971 9972 9973 4974
2.8 974 9975 0976 8977 2977 9978 979 8979 980 9981
29 9981 9982 9982 M983 9984 9984 M985 9985 9986 9986
3.0 S9ET 9987 987 M9BE GUER 4989 M9RY R 9990 9990
3.1 L4900 9991 9991 4991 9992 9992 9992 4992 4993 9993
3.2 90993 9993 994 994 99494 49994 9994 9945 9995 9995
33 90995 9995 9995 996 9996 4996 996 99496 9996 9997
3.4 90997 G997 R 4997 R 9997 997 G097 4997 9998

Practice Questions

1. A study of college freshmen's study habits found that the time (in hours) that college

freshmen use to study each week follows a normal distribution with a mean of 7.2

hours and a standard deviation of 5.3 hours

w How many hours do the students who study in the top 15% spend studying?

w The middle 68%7?
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A Top 15%: 12.5 hours

A Middle 68%: 1.9 hours to 12.5 hours

2. Suppose that the weight of navel oranges is normally distributed with mean of 8
ounces, and standard deviation of 1.3 ounces. And the weights of Valencia oranges is

normally distributed with mean of 9 ounces, and standard deviation of 1.6 ounces

w You grow a havel orange that weighs 9.5 ounces and a Valencia orange that weight

10.5 ounces, which should you enter in the giant fruit contest?

Nav €1 MN(Q) 1.’:)
Y&l ¢, o ml\)‘(‘!) l'é>

3 Z score for navel orange = (9.5 -8)/1.3=1.1538

3 Z score for Valencia orange = (10.5 -9)/1.6 = 0.9375

w The weights of newborn children in the United States vary according to the Normal

Distribution with mean 7.5 pounds and standard deviation 1.25 pounds.

w What is the probability that a baby chosen at random weighs less than 5.5 pounds at
birth?

a. Draw a sketch
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£S5 1.5

i. Calculate Z score

7 = X=aL _ 55'7-5- =-l

— I S——
o .28 ).2¢€
- - 1 . 6
b. Look up probability on the normal table
-19 Q@87
=18 00359

-1.7
=15
—-15 .
3. The composite score of students on the ACT college entrance examination in a recent

year had a Normal distribution with mean of 20.4 and standard deviation of 5.8

w What is the probability that a randomly chosen students scored 24 or higher on the
ACT?

a. Sketch

L4
Zo -H

b. 2ND + VARS (DISTR) --> 2: normalcdf

43 Texas INSTRUMENTS
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c. Normalcdf(lower, upper, mean, standard deviation)

i} Texas INSTRUMENTS

Fd

w What is the probability that a randomly chosen student scored between a 19 and a 24
on the ACT?

J:{? TeXAS [INSTRUMENTS

X 204

b. Find the z value on the normal table
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lapie A dlandard normal probaninmes

z 00 01 02 05
0003 0003 0003 L0003 A
0005 0005 0005 L0004 A
0007 0007 0006 . : 0006 {
0010 0009 0009 L0009 0008 L0008 A
0013 0013 0013 0012 0012 L0011 A
0019 0018 0018 0017 0016 0016 A
0026 0025 0024 0023 0023 0022 A
0035 0034 0033 0032 0031 0030 {
0047 0045 0044 0043 0041 0040 A
0062 0060 0059 0057 0055 0054 A
0082 D080 0078 L0075 0073 L0071 A
0107 0104 0102 L0099 0096 0094 A
0139 0136 0132 0129 0125 0122 A
0179 0174 0170 0166 0162 0158 A
0228 0222 0217 0212 0207 0202 A
0287 0281 0274 0268 0262 0256 A
0359 0351 0344 0336 0329 0322 {
0446 0436 0427 0418 0409 0401 {
0548 0537 0526 0516 0505 0495 {
0668 0655 0643 0630 0618 0606 £
L0808 0793 0778 0764 0749 0735 A
0968 0951 0934 0918 0901 LOBES A
1151 1131 A112 1093 1075 1056 .
1357 1335 1314 : : 1251 .
1587 1562 1539 1469 .
1841 814 1788 A1l |
2119 2090 .2061 2033 2005 1977 |
24710 7380 7158 7377 I70A IIRA 4

Z? -1.035

c. Solve for x

X-Ar. | o4 =X—20-%

—

=
X= 143>

£33

d. Calculator: invNorm(area, mean, standard deviation)
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Qi TEXAS INSTRUMENTS

4. Suppose that the mean height of men is 70 inches with a standard deviation of 3
inches. And suppose that the mean height for women is 65 inches with a standard

deviation of 2.5 inches

w If the heights of men and women are Normally distributed, find the probability that a

randomly selected woman is taller than a randomly selected man.

a. Sketch

I
fgrﬂ

b. Find the necessary information

Mean SD
Men 70 3
Women 65 2.5

W-M  65-70= -5 Sqrt(3/2+2.5"2) = 3.9
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c. Calculate Z score

o X-mn_ O-CS)
z o 3.9 =lzg

d. Find the probability on the table and subtract that from 1

1-0.9015 = 0.0985 = 9.85%

w Suppose that the height (X) in inches, of adult men is a normal random variable with
mean of 70 inches. If P (X>79) = 0.025

w What is the standard deviation of this random normal variable?

a. Sketch

Vb

70-',1

b. Find the z score on the calculator: invNorm(area)

43 Texas INSTRUMENTS

c. Solve for SD

l-qé =7ﬂ"7o

O=-4¢
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5.1- Sampling Distributions

Tuesday, February 14, 201  2:12 PM

Parameter vs. Statistic

Wi wizsd 0 o ndon st ihase Whbe b e s ek i b

£ Ak,

Xk Lo %
et Ef 0 x5
'ki”*f!fk )f’*
R PR

v Fofibibnn V

Pasazier §1 N G

[ 20t ey Aot} fmameh
Sampling Distribution

w The "sampling distribution" is the values taken by the statistic in all possible

samples of the same size from that population

w The "sampling distribution" is always referring to the distribution of the sample

O3 'Ffrrn

a

aflefislip

a

aatefalin

ﬁ

Average Average
_ . ...15 the distribution
T|_1E S_EH’IP"“Q m of a statistic across
Distribution... = an infinite number

of samples
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Central Limit Theorem

w The sampling distribution of the sample mean is normally distributed

Population distribution
Normal Skewed Uniform Irregular

AL-L;M

Sampllng distribution of sample mean

Probability
50% probability
that outcome is
above or balow 7
(this is the median)

cE £ T
N [ N R
0T E20 CI0) G0 E3C-)
I N 0 O Y
G G N G S A Y
CC) G0 G G ) E]I )3 CJE ) 6 HE

Value

Mast Ilhualyl

Gutcome
Source: GAD.

Conditions (RIN)

w Random

3 How the sample is selected
w Independent

3 N~ 10n

3 N: population size

3 n: sample size

w Normal
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3 For means
An > 30
A If the population is normally distributed, n can < 30

3 For proportions:

A np > 10 AND n(1-p) > 10

Sampling Distribution of a Sample Mean

_ o
wX”N(H:ﬁ)

)
wCTf:ﬁ

Sampling Distribution of a Sample Proportion

X " P
op~ N(p,\/—)
Il

Review
Sampling Distribution
Variable Parameter Statistic Center | Spread | Shape
Categorical p = population p=sample | p {pll—p) | Normal IF np > 10 and
(example: proportion proportion " n(i-p)=z=1o0
left-handed or
not)
Quantitative p = population X =sample | pn o When will the
(example: age) mean, g = mean Vit distribution of sample
population means be
standard deviation approximately normal
2

Practice Questions

1. Assume graph X represents the actual distribution select which graph the

sampling distribution of the sample mean look like, for a sample size of n = 50?
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3 Answer: E

2. The weight of the eggs produced by a certain species of chicken is Normally
distributed with mean 65 g and standard deviation 5 g.

w If a farmer selects a random sample of 10 every morning to check the health of his
laying hens, what is the mean and SD of the sampling distribution of the weight of
the eggs?

X ~ Yl Sz =72 E "
/(/%"' - ) X —14a (0
w Calculate the probability that a randomly selected egg weighs between 61g and
699
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Qi TEXAS INSTRUMENTS

w Calculate the probability that the mean weight of the farmers 10 eggs falls
between 61g and 69g.

3. A survey asks a random sample of 500 adults in California if they support an

increase in the state sales tax of 1%. Suppose that 40% of all adults in California
support the increase.

w If p hat is the proportion of the sample who are in favor of the increase, what is
the mean of the sampling distribution of p hat? The SD?

\
T~Ns-f  Tp- VZ:Q}
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O% = QHOM.[@)‘
Soo

w How large a sample would be needed to guarantee that the standard deviation of

024

it is no more than 0.02?

o5 = A PG

- —

M)
02> L H)G6)

-l' O
N =D

w Find the probability that p hat is between 0.36 and 0.42

Qi TEXAS INSTRUMENTS
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6.1- Confidence Intervals

Tuesday, February 14,201 2:12 PM

What is a CI?

w Using a Statistic to estimate a Parameter
w Itis NOT a probability

w It is an interval that will cover the true parameter X% of the time

u

A 95% confidence interval indicates that 19 out of 20 samples
(25%} from the =ame population will produce confidence
intervalz that contain the population parameter.

w So we can interpret a Cl as

3 "We are X% confident that the true population parameter lies within A and B"

General Math Behind a Cl

w Formula
3 Srlgw Hvwl pdwh ° Pd

3 Srlgw Hvwl pdwh ° Ful wl fdo
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Population Sample Conditions for Use Formula
Parameter Estimate
mean
n X Simple Random Sample Xtz i—
/n
proportion .;‘ 1- p)
p p Simple Random Sample ptz. '\ —F
np> S,n(1 —;3) S5
difference of means e
W — K X,—X, Independent Simple Random (7,—)’(2) tz, ve’ Y PR
Samples
difference of proportions ‘;,‘(1 -},l) [,2(; ‘Pz)
P — P2 p,-P, Independent Simple Random (p,—pl) +Z. \“‘ = - P
Samples

np=s, n,(1—i>,)zs,

A

nzﬁzz S5, nz(l -pz) 25

w Point Estimate

w Critical Value
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Confidence level Zvalue

90% 1.65
95% 1.96
99% 2.58
99,9% 3.291

lorwier ¥ Lpper
lirrit lirnit:

w Standard Error

T T AL

&
Mea}_ljj ) Sl{ﬂ‘fo
O- o, ——

Proportion:
fu-?)

O

w Confidence Interval
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Cl For Sample Statistic| Margin of Error
Population _ 4z O
mean (y) X Jn
Population _ +¢ S
mean (y) X " n
Population - . [p(1-p)
proportion (p) P tz n

Steps to Calculating a ClI

w Read the problem and outline the STASTICS
w Check your CONDITIONS
3 Random
3 Independent: N " 10n
3 Normal: n>30
w CALCULATE
3 Srlgw Hvwl pdwh ° Ful wl fdo
® INTERPRET

w Some Can Calculate Intervals

Practice Questions

1. The effect of drugs and alcohol on the nervous system have been the subject of
considerable research. Suppose a neurologist is testing the effect of a drug on response
time by injecting 50 rats with a dose, subjecting each to a stimulus, and recording the
response time. The average response time for the 50 injected rats was 1.26s. Assuming
the mean response time for a rat that has not been injected with the drug is 1.4s with
standard deviation of 0.45, construct a 90% confidence interval to determine if the drug

has an effect on response time.
3 Statistics
A Mean = 1.26
A Population SD = 0.45

A n=50

Statistics Paae 90



A CL=90%
3 Conditions
A Random: Assume rats are a random sample
A Independent: N > 10n
A Normal: n > 50

3 Calculate

PE-\"MG

(Z‘XE)
l\:\’fna'r'-ﬁ(_ .05 )

ln\/ncxn (C ?"D/Z,>

L2¢ +1w§( )
.26 T 105
L~

; f /o
i.réjl.saM“H °

3 Calculate by calculator

Q'i TEXas IMSTRUMENTS
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A Calculated using Z test
3 Interpret

A We are 90% confident that the true mean response time for rats given the new
drug is between 1.16s and 1.36s.

A 1.4sis not in the interval, so we have evidence the new drug make rats faster

2. There are two fire stations in a town, one in the northern half and one the southern half.
The one in the northern part is known to respond to calls within 4 min. The council
phpehuv | g wkh wrzq duh zruul hg wkdw wkh vr»
hire a statistician. The statistician collects a random sample of 50 call/responses from the
southern fire station. The mean response time is 5.3 min with a standard deviation of 3.1.
Construct a 95% confidence interval to determine if the council members have cause to
worry about the southern station

3 Statistics
A Mean=3.5

A Sample SD=3.1
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A n=50
A CL=95%
3 Conditions
A Random: Yes
A Independent: N > 10n = 500
A Normal: n > 30

3 Calculate

+ F e
PE - @;\\_H 7’
v

R (o) (sl o

\,/ A\
* S

4 Ta

JaN€ é’"""‘ ) 4€>

&y .3

3 Calculate by calculator
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3 Interoperate

A We are 95% confident that the true population mean response time for the
southern fire station is between 4.42 and 6.18 mins

A 4 is not in the interval, so we do have reason to be concerned.

3. The US Department of Transportation reported that 75% of all fatally injured automobile
drivers were intoxicated. A random sample of 32 records in Carson County, Colorado,
showed that 16 involved a drunk driver. Use a 99% confidence interval to determine

whether or not there is evidence that indicates the population proportion of driver
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fatalities related to alcohol is different than 75%

3 Statistics
A Phat=x/n=16/32=0.5
An=32
A CL=99%

3 Conditions
A Random: Yes
A Independent: N > 10n = 320
A Normal:n*phat>10andn* (1 -p hat)>10

3 Calculate

497.

l
\nvrﬂcﬂ&"’q0h>
%2 58

PE + Marb‘- of -QS'-"&'*

*".‘3*-{’ + (2% (WT"”

= (2.58)( TF-@C‘""’)

3 Calculate by calculator
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3 Interperate

A We are 99% confident that the true population proportion of driver fatalties in
Carson County is between 27.2% and 72.8%

A 75% is not in our interval, so it appears that Carson County is lower in the US
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6.2- Hypothesis Testing

Wednesday, February 15, 201  1:42 PM

Hypothesis Test

w Using a Statistic to test a claim about a Parameter
w Steps (Why Can't Cat Play Instruments)
3 Write the hypothesis
A Null hypothesis (H o): Parameter=
A Alternative hypothesis (H 1/H.): Parameter> or <or> bbb
3 Ckeck conditions (RIN)
A Random Sample
A Independent: N >10n
A Normal:
P.q” 63
p: A4 Zand munm A 4 3

3 Calculate the test statistic

lest stat = (Point Estimate) — (Null Hypothesis)
(Standard Error)

A Mean

X— L

Z:G/\/ﬁ

A Proportion

p—p

V Paln

3 Look up the P-value (from Z table)

7z =
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A Probability that the null hypothesis (H o) is true, given the sample data you

collected

1 1
— (p-value — -"Vﬂlllﬂ)
5 (P ) > P

X
50
3 Interpret
s ? Reject the null hypothesis do have evidence to support the claim
s A Fail to reject the null do not have evidence to support the
hypothesis claim
p -Value Solution
(p-Value = 0.2542) > (a =0.05)
Do Not Reject.
mT N
0 1.1/411 1.96 -
Test Statistic 1.1411 is in the Do Not Reject
817 Region 62

Frqilghgfh Lqgw
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Practice Question 1

DDT is an insectcide. It is believed that DDT causes birds' eggshells to be thinner and

weaker than normal and makes the eggs more prone to breakage.

An experiment was conducted where 21 hawks were fed a food mixture 14 ppm DDT.
The first egg laid by each bird was measured. The mean shell thickness was found to
be 0.17 mm. The standard deviation of birdshell eggs is known to be 0.14 mm. A

"normal" eggshell has a mean thickness of 0.2 mm.

Are the eggs with DDT the same as normal eggs?

w Data
3 n=21
3 Mean=0.17

3 Population SD =0.14

3 Normal P=0.2
w Write the hypothesis

3 Null hypothesis (H ¢): P=0.2

3 Alternative hypothesis (H 1/Ha): P> 0.2
w Check conditions

3 Random: Assume random sampling

3 Independent: N >10n = 210
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3 Normal: sample size is not larger than 30. So, proceed with caution for
interpreting results

w Calculate the test statistic
P — uo
S € Fa
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w Look up the P -value

_\L‘S‘S

Prate = (o1L35) X2

PVere = 2y

w Interpret

P=.327

3 Becauseourp-ydoxh @ 3165: | v odujhu wkdg k ¢
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means we do not have evidence to support the alternative/claim that the egg

shells are different than normal

Practice Question 2

An opinion poll asks a simple random sample of 100 college seniors how they view

their job prospects. In all, 56 say "good."

Does the pool give reason to conclude that more than half of all seniors think their

job prospects are good.
w Hypothesis
3 Hoop=05
3 Hi:p>05
w Conditions
3 Random: given, SRS
3 Independent: N > 10n = 1000
3 Normal:
A N*p0=100 *0.5=50>10
A N*(1-p0)=100 * 0.5=50> 10
w Calculate

I fé-)hll‘"ﬂf' Fo
L= o & A[RlR

M\

- .56~ %
#5077

¢5)U~-5)
)00
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w Look up the P -value
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({P = .S,
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| |
A1 v, YA

looe P -). 2

w Interpret
3 Becausep-ydoxh @314484 A k @ 3438/

3 This means that we do not have evidence the claim that the true population

proportion of college seniors with "good" prospect is above 0.5

p
12

¢

INV%s

Z

Practice Question 3

When the manufacturing process is working properly, the light bulbs have lifetimes

that followaright -vnhzhg gl vwul exwlrqg zIlwk =~ @ 43

A quality control statistician selects a simple random sample of n=100 light bulbs
every hour and measures the lifetime of all light bulbs produced that hour is less

than 10 hours at the 5% significance level, then all those light bulbs are discarded.
The current sample of 100 has a mean of 8.5, should this batch be discarded?
w Write the hypothesis
32 H= =~ @ 4
3 H= =~ 2?2 4

w Check conditions
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3 Random: given, random sample
3 Independent: N > 10n = 1000
3 Normal: n =100 > 30

w Calculate

2 o fe-te o X Ao _85-10

2E o/4A ‘I/‘Ui'n;

43 Texas INSTRUMENTS

w P-value
3 P <0.0002
w Interpret
3 S ? 313335 ?
3 We reject the null hypothesis test.
3 We do have evidence to support the claim that the mean life of light bulbs is
less than 10 hours, so we should discard this batch

Practice Question 4

The US Department of Transportation reported that 75% of all fatally injured
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automobile drivers were intoxicated. A random sample of 32 records in Carson
County, Colorado, showed that 16 involved a drunk driver. Use a 99% confidence
interval to determine whether or not there is evidence that indicates the population
proportion of driver fatalities related to alcohol is different than 75%.

w Write the hypothesis
3 Ho:p=0.75
3 Hi= s > 31
w Conditions
3 Random: given
3 Independent: N > 10n = 320
3 Normal:
A n*p=32*0.75=24>10
A n*(1-p)=32*0.25=8<10
A May not be normal, proceed with interpret with caution

w Calculate

w P-value
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w Interpret

3 Ehfdxvh s @ 31334,adnddohkave exidenceth suppdrivihe Klaim
that the population proportion of driver fatalities related to alcohol is different
than 75%
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6.3- The T Distribution

Wednesday, February 15, 201 1:43 PM

T Distribution
w When do we use the T distribution
3 Know the mean

3 Do not know the population SD

£ distribution

F ¢ | r Y P
i standard normal)

t-distribution
(n close to 30)

w Formula

— S

Xtl—
Jn

w Degrees of freedom (df)

3 df=n-1
Confidence Interval Example

The super Corporation manufactures a device they claim "may increase gas
mileage by 23%"

Here are the percent changes in gas mileage for 17 identical vehicles, as

presented in one of the company's advertisements

48.3 46.9 46.8 44.6 40.2 38.5
34.6 33.7 28.7 28.7 24.8 10.8

6.9 12.4 21.2 25.2
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Construct and interpret a 90% confidence interval to estimate the mean fuel
savings in the population of all such vehicles.

w Type in the data

Qi TEXAS INSTRUMENTS

w 1-Var Stats for the sample

*i3 Texas INSTRUMENTS
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V] * E_ b
Xt¢ 5% =77

\[/ h 164
3.t (17 s

w Calculate by calculator

w Interpret

3 We are 90% confident that the mean percent change in gas mileage is
between 24.68% and 38.16%

3 Since 23% is in the interval, it appears that the machine does even better
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than 23% savings

Hypothesis Test Example

When the manufacturing process is working properly, the batteries have lifetimes that
followaright -vnhzhg gl vwulexwlrg zIlwk =~ @ 43 KkrX
selects a simple random sample of n = 20 batteries every hour and measures the

lifetime of each.

If she is convinced that the mean lifetime of all batteries produced that hour is less
than 10 hours at the 5% significance level, then all those batteries are discarded.

The current sample of 20 has a mean of 8.5 and a SD of 3, should this batch be

discarded?

w Hypothesis

3 K3= =~ @ ¢

3 Kd= = 72 ¢
w Conditions

3 Random: given

3 Independent: N > 10n = 200

3 Normal: not larger than 30, but still ok since we are using a T distribution
w Calculate

Test stat = (Point Estimate) — (Null Hypothesis)
(Standard Error)
X =Mo

t= 14

= §.6~10
>/Azo

w Calculate by calculator

= -2.24
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. __: = 5

’ Qﬁ TEXAS INSTRUMENTS

w P-value
T fz-2.24
i MLI10

I
—~2. 4

3 df=n -1=19
w Interpret

3 Ehfdxvh s 2?2 k/ zh uhmhfw wkh gxoo
support the claim that the mean battery life in this whole batch is less than

10 hours and so should be discarded

Matched Pairs T -Test

The average weekly loss of study hours due to consuming too much alcohol on the
weekend is studied on 10 students before and after a certain alcohol aware ness

Statistics Page 112
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program is put into operation. Do the data provide evidence that the program was

effective?

Paired T-Test and Cl: Before, After

Paired T for Before - After
I} Mean StDewv SE Mean
Befors 10 5.38000 3.20583 1.01377
Liter 10 4.85000 2.1031z 0.98129
Differsnce 10 0.520000 0.407704 0.128%27
95% lower bound for mean difference: 0.283cc62
T-Test of mean difference = 0 (vs > 0): T-Value = 4.03 P-Value = 0.001
w Formula

w Data
3 N=10
3 Difference of mean = 0.52
3 Difference of SD = 0.407
w Hypothesis (d = before - after)
3 Ho= 4¢=0
3 Hi= 430
w Conditions
3 Random: assume random selection
3 Independence: N > 10n = 100
3 Normal: t -distribution

w Calculate

PE — o _ SZ,{-“M _ .%2-0
So
Ta

e —_—

=7 st I

w Calculate by calculator
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w P-value

3 df=10-1=9

w Interpret

3S ? k/ Uhmhfw/ gr k
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6.4- Two Samples

Wednesday, February 15, 201 1:43 PM

Two Samples

w Hypothesis
Meon Profor+iong

S
uo:/b(lzﬂz q‘k.ﬂ:’o’_

um:M:>ML L% fi7‘oz.
/MIA/{/(Z F‘é'o?‘

Ry fi £ fe

Practice Question 1

In a test of the reliability of products produced by two machines, machine A
produced 15 defective parts in a run of 280, while machine B produced 10 defective

parts in a run of 200.
Do results imply a difference in the reliability of these two machines?
w Data
3 P;=15/280 = 0.0536
3 P>, =10/200 =0.05
3 1: Machine A
3 2: Machine B
w Hypothesis
3 Ho:Pi=P2
3 Hi:P1> P
w Conditions
3 Random: assumed

3 Independent: Each part produced is independent
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3 Normal: n1*pl > 10, n1*(1 -pl1)>10, n2*p2 > 10, n2*(1 -p2)>10

w Calculate

w Calculate by calculator

w Interpret

3S A k/ vr zh idlo wr uhmhfw wkh gxoo Kk

support the claim that two machines have different reliabilities

Practice Question 2

The use of helmets among recreational alpine skiers and snowboarders are
generally low. A study wanted to examine if helmet use reduces the risk of head

injury.
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