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Chapter 10. Goodness-of-fit Tests
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§ 10.2 The Multinomial Distribution
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§ 10.4 Goodness-of-Fit Tests: Parameters Unknown

§ 10.5 Contingency Tables
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E.g. 1 Whether are the two ratings independent?
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E.g. 2 Whether is the suicide rate independent of the mobility factor?

x̄ = 20.8 and ȳ = 56.0
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Thm 10.4.1 Suppose that n observations are taken on a sample space partitioned
by the events A1, · · · ,Ar and B1, · · · ,Bc .

Let pi = P(Ai), qj = P(Bj), pij = P(Ai ∩ Bj).

Let Xij be the number of observations belonging to Ai ∩ Bj .

a) Provided that npij ≥ 5 for all i, j, the r.v.

D2 =
r∑

i=1

c∑
j=1

(Xij − npij)
2

npij
∼ Chi square of f.d. rc − 1

b) To test H0 : Ai ’s are independent of Bi ’s, calculate the test statistic

d2 =

r∑
i=1

c∑
j=1

(kij − np̂i q̂j)
2

np̂i q̂j

where p̂i and q̂j are MLE’s for pi and qj , respectively.

Provided that np̂i q̂j ≥ 5 for all i, j, the critical region is

(χ2
1−α,(r−1)(c−1),+∞)
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E.g. 1 Sol: Compute the expected frequencies:

=⇒ d2 = · · · = 45.37

Critical region is(
χ2
0.99,(3−1)×(3−1),+∞

)
= (13.277,+∞)

Alternatively P-value = P(χ2
4 ≥ 45.37) = 3.33× 10−9.

Rejection at α = 0.01. �
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E.g. 2 Sol: Compute the expected frequencies:

=⇒ d2 = · · · = 4.57

Critical region is (
χ2
0.95,(2−1)×(2−1),+∞

)
= (3.41,+∞)

Alternatively P-value = P(χ2
1 ≥ 4.57) = 0.033

Rejection at α = 0.05. �
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