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x2-distribution

Then %.5.9 tn Boole
Let n > 1, X1, Xa,...,X, be i.i.d. Normal(u,0?). Consider the

sample mean and variance

— 1 1 _
X = ;ZX;, £= > (X = X).

Then
X i 1 1 . 2
e X, is a Normal random variable with mean p and variance Z-.
. 7('10_1)5,2, has the x2_; distribution.

e X, and 5,2, are independent.



Let n>1, X1, Xa,..., X, be i.i.d. Normal(0,0?).

Then Z; = é,i: 1,2,...,n arei.i.d. Normal(0,1).
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Let n > 1, X1, X2,...,X, be i.i.d. Normal(0,02).

Then Z; = é,i: 1,2,...,n arei.i.d. Normal(0,1).

X Z
Ux = and Uy =

T S (6 — X Vi Sz -2y

Ux = Uz and Uz has distribution independent of o
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t-distribution

Let X; be a Normal random variable with mean 0 and variance 1.

Let X, be an independent x?2 random variable. Let

X1

& .
n

Z =

Z is said to have t-distribution with n-degrees of freedom if its

p.d.f. is given by

o) = T (1,2)

Veafd @

for z € R.



t-distribution

Let n>1, X1, Xa,..., X, be i.i.d. Normal(u,02). Consider the
sample mean and variance

1 1 & _
X:;ZX;, 52:n_1§(x,-—><)2.

Then _
V(X —p)
> - \-\5@\)‘\(3»

has the t,_1 distribution.
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t-versus Normal

Density
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t-versus Normal

x = rnorm(100); y = rt(100,30)
par (mfrow=c(1,3))

>
>
> boxplot(x,y)
> ggnorm(x) ;qqline(x)
>

qqnorm(y) ;qqline(y)

Normal Q-Q Plot Normal Q-Q Plot
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Hypothesis Testing— Proportions

Let n > 1, Xy, Xo,..., X, be i.i.d. Bernoulli (p) random variables.

We want to test: Notralls agonpon

Null Hypothesis : p = 0.5 Wed o 2-tak
Alternative Hypothesis: p # 0.5 Y el
necess g

Use Binomial Central Limit Theorem that

Mgz’ &=| 6nt Can V&
P(]- - p) CoteT

where Z is standard Normal.



Hypothesis Testing— Proportions

Use prop.test. Suppose n = 100,)_( — 0.43. . \d:&\x
e .
> prOp.test(43,1oo)é——-————'—‘—" 3es¥

1-sample proportions test with continuity correcti

data: 43 out of 100, null probability 0.5
X-squared = 1.69, df = 1, p-value = 0.1936
alternative hypothesis: true p is not equal to 0.5
95 percent confidence interval:

0.3326536 0.5327873

sample estimates:

p
0.43



Hypothesis Testing— Proportions

prop.test does the following:
e Computes P(| Z — 0.5 |>| @ — 0.5 ) towards p-value.

e Finds 100(1 — «)%- Confidence Interval by finding the region

of p where _
X —
| V(X —p) < zg,
vp(1=p)

where P(Z > za) = 3.



Hypothesis Testing: t-test

> t.test(x, mu=74)

One Sample t-test

data: x
t = 1.3571, df = 8, p-value = 0.2118
alternative hypothesis: true mean is not equal to 74
95 percent confidence interval:
73.37848 76.39930
sample estimates:
mean of x
74.88889



Hypothesis Testing: Two Sample-test
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Hypothesis Testing: Two Sample Proportion-test

e Want to test if proportion of success p; = p» between two
populations.

o Let py = X(W) and pp = X
e The statistic is

~ Nl 1\
VB =B+ ) kb
nip1 + napo
ny + no
Large ni, ny assume normality for Z

p=



- test of independence

e Null Hypothesis: Variables are independent i.e
i = pRpC forall1<i< d1<j<
pij=p;pj foralll1<i<nrand1<;<nc

e Alternate Hypothesis: Variables are not independent



