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Lovely day for a
GUINNESS

If he can say as you can
“Guinness 18 good for you”
How grand to be a Toucan-

Just think what Toucan do!



https://www.youtube.com/watch?v=3DPKf7y1F-Q&index=12&list=PLBgxzZMu3GpPPM0eg-xgisORLEgqIK4vN

Confidence Intervals for Means




Let’s consider the “usual” setup where we have an (iid)
random sample from a normal distribution with
parameters p and o.

How do we estimate p?



For a moment, let’s pretend we live in some fantasy land
where o IS Known.



Suppose the lifetime of a particular brand of light bulbs 1s normally distributed with

standard deviation of ¢ = 75 hours and unknown mean.

What is the probability that in a random sample of 7 = 49 bulbs, the average lifetime X

1s within 21 hours of the overall average lifetime?



Suppose the lifetime of a particular brand of light bulbs is normally distributed with

standard deviation of & = 75 hours and unknown mean.

Suppose the sample average lifetime of 7 = 49 bulbs 1s x = 843 hours. Construct a

95% confidence interval for the overall average lifetime for light bulbs of this brand.



A confidence interval is a range of numbers believed to include an unknown
population parameter. Associated with the interval is a measure of the confidence
we have that the interval does indeed contain the parameter of interest.

A (1 —-a) 100% confidence interval

for the population mean

when O 1s known

and sampling 1s done from a normal

population, or with a large sample, 1s
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Suppose the sample average lifetime of # = 49 bulbs 1s X = 843 hours.

Construct a 95% confidence interval for the overall average lifetime for light bulbs of this
brand.

Construct a 90% confidence interval for the overall average lifetime for light bulbs.

Construct a 92% confidence interval for the overall average lifetime for light bulbs.



What if we live in reality where o iIs unknown?

What do we do now?



A (1 —a)100% confidence interval for the population mean L

xtz,, 9 X+t,, 5
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A manufacturer of TV sets wants to find the average selling price of a
particular model. A random sample of 25 different stores gives the mean

selling price as $342 with a sample standard deviation of $14. Assume the
prices are normally distributed. Construct a 95% confidence interval for the

mean selling price of the TV model.



The following random sample was obtained from N (U, o 2 ) distribution:

16 12 18 13 21 15 8 17

~ Construct a 95% confidence interval for L.

/ n » Construct a 90% confidence upper bound for L.

> Construct a 99% confidence lower bound for L.



Confidence Intervals for
Proportions



The sample proportion:
A_ X

n
where X 1s the number of elements in the sample found to belong

to the category of interest (the number of "successes"), and 7 1s
the sample size.

E(P)=p, Var(P) = p'(.;‘p), SD(IA’)=\ p'(il"p) |



A large-sample confidence interval for the population
proportion P 18
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Just prior to an important election, in a random sample of 749 voters, 397

preferred Candidate Y over Candidate Z. Construct a 90% confidence

interval for the overall proportion of voters who prefer Candidate Y over
Candidate Z.



An article on secretaries' salaries in the Wall Street Journal reports:

"Three-fourth of surveyed secretaries said they make less than $25,000
a year." Suppose that the Journal based its results on a random sample
of 460 secretaries drawn from every category of business. Give a 95%

confidence interval for the proportion of secretaries earning less than
$25,000 a year.



The sample size required to obtain a confidence interval for the

population proportion p with specified margin of error € is

2y, R
n = 2 p*(l—p*) 0.20 -
€ .
S "
Always round 7 up. :: P

00 01 02 03 04 05 06 07 08 09 10

Conservative Approach: p* = 0.50.

. [f 1t 1s possible that p = 0.50, use p* = 0.50.

. [f 1t 1s not possible that p =0.50, use p* = the closest to 0.50 possible value of p.
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Find the minimum sample size required for the overall proportion of

voters who prefer Candidate Y over Candidate Z to within 2% with 90%
confidence. (Assume that no guess as to what that proportion might be 1s

available.)
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A television station wants to estimate the proportion of the viewing

audience 1n 1ts area that watch its evening news. Find the minimum
sample size required to estimate that proportion to within 3% with 95%

confidence if ...

~ 1o guess as to the value of that proportion 1s available.

- 1t 1s known that the station’s evening news reaches at most 30% of the

viewing audience.



Confidence Intervals for
Variances



IfX,,X

ns e s X, ar€ 1.1.d. N(u O ) Then




A (1-0o)100% confidence interval

for the population variance G2

(where the population 1s assumed normal)

( \
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n — 1 degrees of freedom

A (1—-a)100% confidence interval for the population standard

deviation © (where the population is assumed normal)
( A [ A
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n — 1 degrees of freedom




A machine makes '2-inch ball bearings. In a random sample of 41 bearings, the

sample standard deviation of the diameters of the bearings was 0.02 inch. Assume
that the diameters of the bearings are approximately normally distributed. Construct

a 90% confidence interval for the standard deviation of the diameters of the bearings.




The following random sample was obtained from N(u, c 2) distribution:

16 12 18 13 21 15 8 17

|
na

x =15, s%=16, s

> (Construct a 95% confidence interval for the overall standard deviation.

» Construct a 95% confidence lower bound for the overall standard deviation.

» Construct a 95% confidence upper bound for the overall standard deviation.



Confidence Intervals for
Difference of Proportions



Consider two dichotomous populations, with “success™ proportions p | and p 5,

respectively. Consider the sample proportions

A _xl A _x2
pr=— ad p,=—=
ny s

where 7, and 1, are the sample sizes and X | and X, are the numbers of

“successes” in the two samples from populations 1 and 2, respectively.

If n and n+ are large, then ( p; — P, ) is approximately normal with

p-(1-py), Py-(1-p3)
n )

mean P, — P, and standard deviation




The confidence interval for the difference between two population proportions

P,-p;yis

(Pr=Ps)tzg),-, | A—FL
\ 1y )



In a comparative study of two new drugs, A and B, 120 patients were treated
with drug A and 150 patients with drug B, and the following results were
obtained.

Drug A Drug B
Cured 78 111
Not cured 42 39
Total 120 150

Construct a 95% confidence interval for the difference in the cure rates of
the two drugs.



Confidence Intervals for
Difference of Means




Two independent samples:

X1,Xn, .., X Y{,Y,y,...,Y

1y 1y

from population 1 from population 2

mean W, , std. dev. G, mean W ,, std. dev. G,



Two independent samples:

X1,K9,...,X Yi1,Ys,..., Y

n, 1
from population 1 from population 2
mean [, , std. dev. G, mean [, , std. dev. G,

If we can assume that population 1 and population 2 are both normal, and the standard deviations

are of the two populations are equal (1.e., 6, =G, =G ), then we can use

— = | 1

(X—Y)i’a/z°spooled'\ n o n,
where

;2 _(ny=1)-sf+(my-1)-53

pooled Ny+n,—2 ‘

The number of degrees of freedom=n, +n,—2.



A national equal employment opportunities committee 1s conducting an

investigation to determine 1f female employees are as well paid as their male
counterparts in comparable jobs. Random samples of 14 males and 11 females

in junior academic positions are selected, and the following calculations are

obtained from their salary data.

Male Female
Sample Mean $48.530 $47.620
Sample Standard deviation 780 750

Assume that the populations are normally distributed with equal variances.

Construct a 95% confidence interval for the difference between the mean salaries

of males and females 1n junior academic positions.






