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Extension of last example from Wednesday

p- fraction of adults that are colleague graduates
X : ] colleague graduates within selected sample of size n
H0 : p = certain number vs. H1 : p 6= certain number

We extend the data to higher n, P(X = k) =

(
n
k

)
· pk · (1− p)n−k

B(n, p) ≈ N (µ, σ) with µ = n p, σ =
√

n p (1− p),
approximation good if n p > 5, n(1− p) > 5
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Extension of last example from Wednesday

If X ∼ B(n, p) and we use normal distribution instead, we replace
P(X ≤ 118) by P(X ≤ 118.5)
This is called continuity correction
P(X = 120) = P(119.5 ≤ X ≤ 120.5) ≈ P

(
119.5−120√

48
≤ Z ≤ 120.5−120√

48

)
as B(n, p) ≈ N (µ, σ) with µ = n p, σ =

√
n p (1− p)
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Exercise 10.7(a) (page 335)

H0 : p = 0.6, X ∼ B(200, 0.6) ≈ N (µ = 200 · 0.6, σ =
√

200 · 0.6 · 0.4)
Task: If we accept H0 if 110 ≤ X ≤ 130, compute α
Solution- with continuity correction 109.5 ≤ X ≤ 130.5
Under H0 : Z = X−120√

48
≈ N (0, 1)

α = P(X < 109.5 or X > 130.5|X ∼ N (200 · 0.6,
√

200 · 0.6 · 0.4))
= P(Z ≤ −1.52) + 1− Z (Z ≤ 1.52) = 0.1286

Exercise 10.7(b) (page 335)

Under H1 : p = 0.5, we have X ∼ B(200, 0.5) ≈ N (100,
√

50) and
Z = X−100√

50
≈ N (0, 1) Task: Compute β under H1

β = P(109.5 ≤ X ≤ 130.5|X ∼ N (100,
√

50))= P( 109.5−100√
50

≤ Z ≤
130.5−100√

50
) = 0.0901

Under H1 : p = 0.7, we have X ∼ B(200, 0.7) ≈ N (140,
√

42) and
Z = X−140√

42
≈ N (0, 1) Task: Compute β under H1

β = P(109.5 ≤ X ≤ 130.5|X ∼ N (140,
√

42))= P(−4.71 ≤ Z ≤ −1.47) =
0.0708
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√
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Hypotheses concerning σ

X1, . . . Xn IID N (µ, σ)

⇒ χ2 def
= (n−1)s2

σ2 ∼ χ2
n−1

This can be used for hypotheses concerning σ :

H0 : σ2 = 25 vs. σ2 6= 25

H0 : σ2 = 25 vs. σ2 < 25 (σ2 > 25)

Example

Let X1, . . . X5 IID, N (µ, σ), µ, σ unknown. Realization:
{3.5, 5.7, 1.2, 6.8, 7.1} ⇒ x̄ = 4.86, s = 2.487
Test H0 : σ = 5 vs. H1 : σ < 5, use α = 0.10
Solution:

As χ2 def
= (n−1) s2

σ2 ∼ χ2
n−1

, small values of s suggest that H0 should be
rejected

P(χ2 ≤ χ̃2
4) = 0.10⇒ χ̃2

4 = 1.064 (Table A5)

Under H0 : P(4 s2/25 ≤ 1.064) = 0.10⇒ P(s ≤ 2.579) = 0.1

Realization: s = 2.487⇒ reject H0
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{3.5, 5.7, 1.2, 6.8, 7.1} ⇒ x̄ = 4.86, s = 2.487
Test H0 : σ = 4 vs. H1 : σ 6= 4, use α = 0.10

χ2 def
= 4 s2

16 ∼ χ
2
4

2-sided test: Find χ̃ and χ̂ such that P(χ2 ≤ χ̃) = 0.05 &
P(χ2 ≤ χ̂) = 0.95⇒ χ̃ = 0.711, χ̂ = 9.488

Hence
P(0.711 ≤ s2/4 ≤ 9.488) = 0.90⇔ P(1.688 ≤ s ≤ 6.161) = 0.9

Realization: s = 2.487⇒ accept H0
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H0 : σ2 = 25 vs. σ2 6= 25

H0 : σ2 = 25 vs. σ2 < 25 (σ2 > 25)

Example

Let X1, . . . X5 IID, N (µ, σ), µ, σ unknown. Realization:
{3.5, 5.7, 1.2, 6.8, 7.1} ⇒ x̄ = 4.86, s = 2.487
Test H0 : σ = 4 vs. H1 : σ 6= 4, use α = 0.10

χ2 def
= 4 s2

16 ∼ χ
2
4

2-sided test: Find χ̃ and χ̂ such that P(χ2 ≤ χ̃) = 0.05 &
P(χ2 ≤ χ̂) = 0.95⇒ χ̃ = 0.711, χ̂ = 9.488

Hence
P(0.711 ≤ s2/4 ≤ 9.488) = 0.90⇔ P(1.688 ≤ s ≤ 6.161) = 0.9

Realization: s = 2.487⇒ accept H0
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What is it?

A test that checks if a population has a particular probability distribution

Example

Data: 100 tosses of a coin: 63 H, 37 T. Question: Is this coin fair? Use
α = 0.05

Solution :
class Oi Ei

H 63 50
T 37 50

, Oi : observed frequency of class i (in this case

H/T), Ei : expected frequency under H0 : the coin is fair

We can now use the following statistics: χ2 =
∑k

i=1
(Oi−Ei )

2

Ei
∼ χ2

k−1
, i =

class index, k = ] classes (2 in this case)

Reject Ho if χ2 is too big (one-sided test)

Make sure that each Ei is at least equal to 5!! (otherwise denominator
too small)

In the example
P(χ2 ≥ χ) = 0.05⇒ χ = 3.841⇒ critical region:[3.841,∞)

Realization: χ2 = (63−50)2

50 + (37−50)2

50 = 6.76⇒ reject H0
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We will go now through typical exam exercises
Test exam + formula sheet + tables that will be used at the
exam will appear on ELEUM today
Please try it at home within 2 hours and bring your
solutions on Tuesday
Also last homework can help :-)
Allowed at the exam: Simple calculator
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