
Homework 4 MATH 181B Fall 2019

Due October 28th 5 PM PST

Content: This homework includes problems from Sections 9.2, 9.3 of Larsen and

Marx 6th edition, GLRT, Wilks Theorem and R simulation.

• Problem 1 Larsen and Marx page 462 Problem 9.2.16. In your proof show

that the GLRT takes the form of a z-test with known variance σ2.

• Problem 2 Larsen and Marx page 463 Problem 9.2.20

• Problem 3 Larsen and Marx page 466 Problem 9.3.4

• Problem 4

In this problem we compare k Poisson means where k ≥ 2. Suppose we have

k independent sets of samples. For each i = 1, 2, . . . , k the ith sample set is of

size ni and for j = 1, 2, . . . , ni, Xij are iid Poisson(λi) where λi is unknown. We

want to test:

H0 : λ1 = λ2 = . . . = λk

versus the alternative hypothesis that not all means are equal. Use Wilks The-

orem to derive the critical region of the generalized likelihood ratio test at the
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significance level α. Note that the critical region is give by:

R = {y : −2 log {λ(y)} ≥ χ2
1−α,k}

where k is the number of degrees of freedom.

• Problem 5

Let X1, X2, . . . , Xn be iid random variables each with the probability mass func-

tion given by:

P (X = k) =

{
θk, if k = 1, 2, 3,

0, otherwise

where θk are unknown parameters such that θ1 + θ2 + θ3 = 1 and θk ≥ 0. Let nk
be the number of observations of outcome k, k = 1, 2, 3. So n1 + n2 + n3 = n.

Construct the test framework H0 : θ1 = θ2 = θ3 against H1 : θ1, θ1, θ1 are not

all equal. Use Wilks Theorem to derive the critical region of the generalized

likelihood ratio test at the significance level α.

• R simulation

This problem requires use of the MASS package installed in the previous home-

work. Do the following:

– For the data frame birthwt in this package consider the variables bwt

and smoke. Compare birth weight between smoking and non-smoking

mothers by using a suitable command like boxplot.

– Run the t-test with and without the Welch approximation to test differ-

ence in means for bwt for smoking and non-smoking mothers.
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