Lecture 17/
Confidence Intervals



Review:

* The sampling distribution of X has mean of u and standard deviation of —

Vn

* The sampling distribution of p has a mean of p and a standard deviation of

p(1-p)
n

* The standard error of a statistic is just its standard deviation

U - denotes the population mean
p - denotes the population proportion
o — the population standard deviation

n —the sample size



Review 2

That interval is defined as +2 X SE from the mean:

The probability that x will be between u — 2 "/\/ﬁ and u + 2 "/\/ﬁ is approximately 0.95

0O 0O
P(u —2—<3€<u+2—)z0.95

Vn Vn
The probability that p will be between p — 2 /p(l_p)/n and p + 2 /p(l_p)/n is approximately
0.95
1 — 1 —
Plp —2 p( p)<}§<,u+2 P~ p) ~ 0.95
\ n \ n
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Practice: Crooked Casino

* A crooked casino uses loaded dice
at all of their Craps tables to
improve their earnings. The table
to left gives the probability
distribution for the sum of roll of
two die for a pair of fair dice
(denoted Xg,) and for a pair of
loaded dice (denoted X5adeq)

X P(Xloaded) P(Xfail")
2 0.03 0.028
3 0.06 0.056
4 0.08 0.083
D 0.10 0.111
6 0.14 0.139
7 0.28 0.167
3 0.12 0.139
9 0.10 0.111
10 0.05 0.083
11 0.02 0.056
12 0.03 0.028




Practice: Crooked Casino

* Suppose a gambler at the casino is suspects that the casino is

using loaded dice so he observes the proportion of “sums of X | P(Xioaded) | P(Xtair)
7” rolled in the next 30 turns at the Craps table. He computes
the proportion of rolls that summed to 7 to be 0.33 9 0.03 0.028
3 0.06 0.056
* Assuming the dice are fair, Compute the interval that has a 4 0.08 0.083
probability of approximately 0.95 of containing estimated ' '
proportion of rolls that sum to 7 3 0.10 0.111
0 0.14 0.139
5~ N (0.167, \/0.167(;80.167)> ~ N(0.167,0.068) 7 0.28 0.167
3 0.12 0.139
9 0.10 0.111
P(0.167 —2x0.068 <p <0.167 + 2 X 0.068) = 0.95 10 0.05 0.083
11 0.02 0.056
P(0.031 <p <0.303) =0.95
( P ) 12 0.03 0.028




Practice: Crooked Casino

* Suppose a gambler at the casino is suspects that the

is using loaded di he ob th ti .
of “sums of 7” rolled in the next 30 turns at the Craps X | P(Xioadea) | P(Xsair)
table. He computes the proportion of rolls that summed
107 to be 0.33 2 0.03 0.028

3 0.06 0.056

. Agsumi_ng the dice ?.re fair, V\{ha’gcri]s thtehprobatk))illity of 4 0.08 0.083
gstsisnrg’lcg% a proportion greater than the gamblers 5 0.10 0.111

. [0.167(1—0.167) 6 0.14 0.139

SE(P) = 30 = 0.068 7 0.28 0.167

3 0.12 0.139

__033-0167 9 0.10 0.111

0.068 | 10 0.05 0.083
P(z>239)=1-P(z<2.39) =0.0084 11 0.02 0.006

12 0.03 0.028




Types of Estimation

There are two types of estimation

1. Point estimation - is estimation of the value of a parameter with
the value of a statistic (i.e estimating u with x or p with p)

2. Interval estimation - is the estimation of the value of a parameter
with an interval of values. The device we will be using for interval
estimation is a confidence interval.
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Confidence Interval for x

With a little algebra we can show that

o o
P —2 —<x<u+2—\) =095
(“ Jn oS ﬁ)
Then

0) 0)
Plx —2 —<u<x+2—]=0.95
( N ﬁ)

The Confidence Interval for x is

X + 2 0 X — 2 2 X + 2 0
X — - |X—-2—=,X —
—4/n Vn Vn

Has a probability of approximately 0.95 of containing u

we need to replace all parameters in the equations above with their respective
estimates because the parameters are unknown



Confidence Interval for p

* We can use the same approach to derive a confidence interval for a
sample proportion

1-— 1— 1—
pd-p) _ 52 p( p),ﬁ+2 p(1—p)

N " N " N "

>
-+
(N

Has a probability of approximately 0.95 of containing p



Example

Example: Let  be whether or not polymerase chain reaction (PCR) test is successful under certain circumstances. Suppose we
conduct 100 tests to produce a sample of 100 observations of x and observe that the PCR test was successful on 9o of those 100
observations. What is the confidence interval for estimating the probability of a successful PCR test?



Example: X

* A teacher is estimating the heights of college students at the university of
ldaho. From a sample of 50 students, the teacher estimates the average
height to be 71.4 inches (about 5 foot 11 inches) with a variance of about
23 inches. Compute the 99% confidence interval for the mean height of

college students

n = 50
X = 71.4 inches

S 23 ~ 4.8 inches

—— =0.67
V50

SE(JZ) — ﬁ
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