
Chapter 4
Recap Sheet



· What is a Confidence Interval

Problem : A point estimate gives one number for an unknown
· Because of sampling randomness,I won'tpopulation vale doesn't say how close it is to p.

=> Idea : A confidence interval gives a range of plausible
values or theI parameter , together with a confidence feref
lusually 90%, 95%, 99%

Ex : "A 95% CI for I
is 163

.
86

,
65 .

08
-

7 "means that if we

repeated the whole sampting process many times and built a

CI each time using the same method , about 95% of those
integrats would contain the true p.

What a CI teffs us :

· A center(usualty oil and a half-width ("margin of error" )
· Shorter intervals = more precise estimates

· Two-sided confidence interval for a mean when o

is known

We have a random sample Xe ...., In for a normal population
with unknown mean ↓ and known standard deviation o

2. Standardize the sample mean

The sample mean [ has -M/p , o
So the standardized variable Z=-T has a standard normal
distribution N 10 , 1) .

2. Trap 2 inside a central probability
For

any
CE 10

,
2)

, let z be the 2 - & quantife ofe -EM10 , e) le .g ., 20025 = 2 .96 for 55
PPTher

20,270 , 22.)o
P(2-2(z -q

) = e - d and
2

= -ze-E

3. Sofre the double inequality for i
Start with zare E-r[ze

-0- m

Multiplyalf parts by or n : zareE-p Eze or
M

Subtract * and multiply by -1 (which flips the inequality) :

+ 22go [pX + 2
o

M
2 -E M

Result - Two-sided 10012-C1% CI for 4
: +21.



Ex : Given n = 20
,
known o = 25

, sample mean2 =
64

.

46 J
&

we build a 95% CI (d = 0
. 05 =>

ze -E
= 20975 = 2. 96)

Margin of error : 1 .96
.

1
= 0

. 62 5
10

CI : 64
.

46 + 0
.62 => 163

.

84
,
65 .
0815

· Center : · Margin of error (ME) : z
-

2 -E M

· Length : 22. (total width of the interval (
What controls thelength ?

1. Confidence fevet : higher confidence => larger ze .

= wider intervat
E

2. Sample size n : Length a e = doubling n shrinks length by2n

3. Variability o : larger o> wider interval

Planning sample size for a desired precision : If you want
half-width (ME) at most h /

n =
22--z o

2

h

Ex : Want a 95 % CI with ME h = 0
. 30 5 and o = 1 :

n =
2.
962

= 42
.

7 = 43 specimens (round up)
0 . 30

· One-sided confidence bounds for a mean when o

is known

You only need a single bound on the mean ,
e .g: power bound&

prove the mean is at feast some level
&

prove the mean is at most some level ·

upper bound

From 2 = -N ~W /0 , 2) :

o - m

· Upper bound :want P(y(V) = 1 - x

↑
< * + 2

O lone-sided upper 200(1-2) % bound)
1-X

M

· Lower bound : want PSL [p) = e - x

= + 201 I lone-sidedtower 200(2-2) % bound)L

M

: One-sided uses z,
and not

zare



· CI for a mean when o is unknown (Student -t interval)

Data are a random sample from a normal population and the

standard deviation o is unknown -> use the sample standard
deviation S I (x,

- (2 = 2(x ,
2

- )xi()
n - 1 n -2

· -statistic : T =

F - ↑ ~ Ene (if population is Normal (
S- n

Two-sided 100(2-21 % CI for p : Let t be the uppere - E ,
n - e

2 a quantife distribution with n-2 degrees of freedom (df) .

2
S

&
* + te

-

j ,
n - e

M

One-sided bounds :

· Upper 200 12-2)% bound :
p < * + t S

2 -a
, n -2

M

· Lower 200 12-2)% bound : + ta
, ne

S
*

-p
M

Ex : Suppose n = 10 , sample mean j = 64
.

465 and sample so
S = 1 .

005

For a 95 % CI,
0.975

,
g

= 2 .
262

.

Margin = 2 . 962 + 2
.
00

= 0
.

7165
20

9) 5 % CI : 64
.
46 + 0

.
726 = [63 .74

,
65

. 1815

· Confidence interval for a variance (and stal of a

Normal population
You want a CI for the population variance of (or of and data

are a random sample from a Normat population .

n

=

IWith Xe , ...,
In M(p ,

04 and S
n - ei =

e(X :
- * 12

, we have :

In-2)S
**

~Xe
o

2

Two-sided 200le-2) % CI for of:

[(n- e)S
#*

(n- 1)S
**
I

&

X02
, n- e

72
22, n- 2

One-sided bounds :

· Upper : 02 In-1152 · Lower :
In-1)52

Xa
, n

- e
22

2- 2 , n
- 2

Ex : Suppose n = 10 specimens , sample sta s = 2 .
00 (sos2

.

001
.

-

+ or a 95 % CI
, d8 = 9 .

Common chi-square quantifes : X8025
,
g

= 2 .
700

, 1975
,
9

= 29 .023



Two-sided 95 % CI for of : [9xe00 9 = 2.
00
1 = [0 .

473
, 3 .

333 I
19 .023' 2.700

CI for 0 : 50 .
473

, 3 .
333 1

= [0 .

688
,
1 . 826I

· Confidence interval for a population proportion P
We run n independant , identical trials (each success/fait) with
true success probability p .

Let X
= number of successes

- B(n
, p)

The sample proportion (point estimate) is j =
X

n

When the usual CI works Ifarge-sample rute) : Use the

normal approximation when both counts are reasonablyfarge :

mp 110 and r(e-p)2e0

Standard two-sided 200 12-2) % CI :

P = 2 ↑ (e - b)
2 -E M

One-sided bounds :

· Upper bound : p p +
z ↑ (2 - 5)
I - x M

· Lower bound : p7 p + za
↑ (2 - 5)

M

Ex : You observe X = 230 successes out of n = 600
· 3 = 230 / 400 = 0

. 575
· 'Check large-sample rufe : np = 230). 20

, n(e-p) = 1707, 20

95% CI (20
.975

= 2 .
96) :

SE =

0
. 575 + 0 . 425

= 0
.02472

200

ME = 2 .96 = 0
.
02472 = 0

.
04845

CI
=

0
.
575 + 0

.

04845 = [0 .527
,

0
.
6237

· Roadmap to construct a CI

2 Parameter I want to estimate
& Estimator of the sarameterI

3 Law of the estimator
Probability (e . g. Pl-zorg * =zarg) = 2 -a

5 Interval formulaCalculation



· IC a 95 % pour p ,
of connue

NE [

PLEI) = 95%
= 2-a donc & = 5%

= 0
, 05

·
F -

4 - N(0
, e)

o n
S

L'intervatte tg : Plac!T 1
=

0
.
9522 -E

=> pt[x +

2q j
+

22- -2 - 2

Pour trouver les valeurs de zet 6-2 0 . 95 2/2

2,
5% 2 , 5 %

21 - G
:

S

2 2 - E
· Table 1 : on cherche l'interieur
fa rateur 1-E et sur les bords on a le

ze
associe

et on decuit
26

=

-ze-Eg


