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READ THE FOLLOWING INFORMATION.

• This is a 90-minute exam.

• Calculators, books, notes, mobile phones and other aids are not allowed.

• You may use the backs of the pages or the extra pages for scratch work. Do not
unstaple or remove pages as they can be lost in the grading process.

• Please do not put your name on any page besides the first page.
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Problems FR1-FR6 are free response problems. Put your and your work/explanations in
the space below the problem.

• Read and follow the instructions for every problem.

• Show all of your work for purposes of partial credit. Full credit may not be
given for an answer alone.

• Justify your answers. Full sentences are not necessary but English words
help. When in doubt, do as much you think is necessary to demonstrate that
you understand the problem, keeping in mind that your grader will be necessarily
skeptical.

FR1 (4 points). (a) Suppose X1, X2, . . . , Xn are iid with mean µ and variance σ2. Show that
the variance is a consistent estimator for σ2.

- 2 -



FR1 MATH B7600 Final Examination May 23, 2016 FR1

(This page intentionally left blank.
You can use it for scratch work. Please do not remove it.)

- 3 -



FR1 MATH B7600 Final Examination May 23, 2016 FR1

FR1 (3 points). (b) In the set up of part (a) if the common distribution is Bernpulli(p),
show that X̄(1− X̄) is asymptotically efficient for estimating p(1− p).
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FR1 (3 points). (c) In the set up of part (b), describe how to use nonparametric Bootstrap
methods to estimate var(X̄(1− X̄)) (i) when n is small, (ii) when n is large.
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FR2 (5 points). (a) If X1, . . . , Xn are iid Poisson(λ), describe how to obtain variance stabi-
lizing transformation. Use it to obtain a 1− α confidence interval for λ.
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FR2 (4 points). (b) Suppose (X1, X2, X3) ∼ multinomial(m; p1, p2, p3). Describe how to use
the asymptotic LRT test for H0 : p1 = p2 vs H1 : p1 6= p2.
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FR3 (6 points). (a) In the oneway ANOVA set up Yij ∼ N(θi, σ
2), i = 1, 2, . . . , k; j =

1, 2, . . . , ni,, how will you test
(i) H0 : θ1 ≤ (θ2 + θ3)/2 + 1 vs H1 : θ1 > (θ2 + θ3)/2 + 1
(ii) H0 :

∑k
i=1 aiθi = 0 for all contrasts a = (a1, . . . , ak) vs H1 : H0 is false.
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FR3 (4 points). (b) In the set up of part (a), derive the MLE for σ2.
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FR4 (6 points). (a) Consider the simple linear regression model Yi = β0 + β1xi + εi, i =
1, 2, . . . , n, where εis are iid N(0, σ2). If (x0, Y0) is a future observation of the predictor
and dependent variables, then find 95% Confidence interval for E(Y0|x0) and 95% prediction
interval for Y0. Justify your answers.
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FR4 (4 points). (b) In the above set up how will you test H0 : β1 = 0 vs β1 6= 0.

/4
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FR5 (6 points). (a) Suppose X1, X2, . . . , Xn are iid with pdf/pmf f(x|θ) satisfying usual
regularity conditions. If λ(x) is the likelihood ratio for testing H0 : θ = θ0 vs H1 : θ 6= θ0,
show that

under H0, −2 log λ(X)→ χ2
1 in distribution as n→∞.
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FR5 (4 points). (b) Use the approximation of part (a) to find an asymptotic 95% confidence
region for λ based on X1, . . . Xn iid from Poisson(λ).
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FR6 (4 points). (a) Describe the most powerful level α test for testing H0 : p = 1/2 vs
H1 : p = 1/4 based on X1, . . . , Xn iid from Bernoulli(p) distribution. Show that the rejection
region has the form X̄ < c for a suitable constant c.
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FR6 (6 points). (b) Describe the UMP level α test for H0 : µ = 1 vs H1 : µ < 1 for X1, . . . , Xn

iid from N(µ, σ2) (both unknown) distribution.
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FR7 (Extra Credit, 5 points). Derive Scheffe’s simultaneous confidence intervals for all con-
trasts in the set up of oneway ANOVA.
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