
STA 250: Statistics

HW 8

Due Wed Nov 6 2013

1. To determine whether high protein diets offer higher gains in body weight in infant
mammals, data were collected on 19 female rats, 12 of which were given a certain
high protein diet, while the other 7 received a regular diet. For each rat, weight gain
between 28th and 84th days after birth were recorded. Let X1, · · · , Xn denote these
measurements for the high-protein group, and Y1, · · · , Ym denote the same for the low-
protein group. Consider modeling Xi

IID∼ Normal(µ1, σ
2
1), Yj

IID∼ Normal(µ2, σ
2
2), Xi’s and

Yj’s are independent.

(a) Assuming equal variances for the two groups, calculate 95% ML confidence in-
tervals fo η = µ1 − µ2 and report the ML test p-value for testing H0 : µ1 = µ2

against H1 : µ1 ̸= µ2, when observed data are as follows:

Diet Observations
High 134 146 104 119 124 161 107 83 113 129 97 123
Low 70 118 101 85 107 132 94

(b) Repeat part (a) but without assuming equal variances.

(c) Now consider testing H0 : µ1 = µ2 + 20 against H1 : µ1 ̸= µ2 + 20. In class we
discussed testing equality of the means, but did not discuss testing for a given
separation. Clearly discuss how this problem can be reduced to testing equality
of the means, possibly by transforming the data. Report the ML test p-value
assuming equal variance.

2. We want to compare Duke students’ weekly expenditure on food between years 2010
and 2011. We have data X = (X1, · · · , Xn) from 2010 on n students, and data

Y = (Y1, · · · , Ym) from 2011 on another m students. Consider the model Xi
IID∼

Normal(µ1, σ
2), Yj ∼ Normal(µ2, σ

2). Suppose the following prior distribution is as-
signed to (µ1, µ2, σ

2):

• rs2

σ2 ∼ χ2(r),

• µ1 and µ2 are conditionally independent given σ2 with µ1|σ2 ∼ Normal(m1, σ
2/k1),

µ2|σ2 ∼ Normal(m2, σ
2/k2)

• where an expert has asserted m1 = m2 = 125, k1 = k2 = 0.3, r = 1 and s = 53.

The observed data are
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Year Expendtures
2010 139 210 75 131 184 140 140 127 100 129 145 145 120 237

2011 125 140 200 200 190 100 140 250 125 180 110 125 120 130 140 150 120
100 95 195 95 130

(a) Show that the posterior distribution of (µ1, µ2, σ
2) can be described exactly as

above, but with new constants m̃1, k̃1, m̃2, k̃2, r̃, s̃. Derive the values of these
constants. You may use the facts that

ℓx,y(µ1, µ2, σ
2) = const−n+m

2
log σ2−

(n− 1)s2x + n(x̄− µ1)
2 + (m− 1)s2y +m(ȳ − µ2)

2

2σ2

and that if rs2/V ∼ χ2(r) then the pdf fV (v) of V > 0 can be written in the
log-scale as

log fV (v) = const− r + 2

2
log v − rs2

2v
, v > 0,

and the identity that

n(x̄− µ)2 + k(µ−m)2 = (k + n)

(
µ− km+ nx̄

k + n

)2

+
kn

k + n
(x̄−m)2.

(b) Evaluate the posterior probability that µ1 < µ2. [Hint. Define η = µ1 − µ2 and
show the posterior pdf of (η, σ2) is a normal-inverse-chi-square.]

3. For question 2, suppose our interest was instead on the difference D∗ = X∗−Y ∗ where
X∗ = Xn+1 and Y ∗ = Ym+1, respectively, are expenditures reported by hypothetical
students randomly sampled from the 2010 and 2011 populations. A natural choice
of model is X1, · · · , Xn, Xn+1

IID∼ Normal(µ1, σ
2), Y1, · · · , Ym, Ym+1

IID∼ Normal(µ2, σ
2).

Suppose we assign (µ1, µ2, σ
2) a prior pmf ξ(µ1, µ2, σ

2), such that ξ(µ1, µ2, σ
2) = 1/18

if µ1 = 100, 125, 150, µ2 = 100, 125, 150, σ2 = 25, 100 and ξ(µ, σ2) = 0 otherwise [i.e.,
it is a discrete uniform prior over the set of 18 elements formed by the above choices
for µ1, µ2 and σ2]. Calculate the posterior predictive probability of D∗ < 0.

4. In a small genetic association study, 100 genes are tested for association with a disease.
P-values from these 100 tests are as follows, rounded up to five decimal places and
arranged from smallest to largest:

> round(sort(pvals), 5)

[1] 0.00001 0.00006 0.00008 0.00014 0.00015 0.00016 0.00021 0.00024 0.00047 0.00050

[11] 0.00058 0.00076 0.00080 0.00096 0.00342 0.01845 0.01900 0.03148 0.03161 0.06405

[21] 0.06424 0.07821 0.08303 0.08454 0.08542 0.08588 0.10008 0.12571 0.12912 0.13882

[31] 0.15606 0.17479 0.18945 0.19693 0.23101 0.23725 0.24447 0.27933 0.28381 0.28594

[41] 0.29179 0.29330 0.30708 0.31028 0.33304 0.34133 0.34798 0.35893 0.36582 0.39683

[51] 0.40029 0.43060 0.49074 0.49520 0.52601 0.52624 0.55630 0.56478 0.57295 0.61225

[61] 0.61390 0.64653 0.64682 0.66295 0.66527 0.67316 0.67819 0.68681 0.68703 0.71702

[71] 0.72105 0.73524 0.73766 0.73817 0.74994 0.77349 0.78580 0.80949 0.83940 0.83972

[81] 0.84507 0.84840 0.85587 0.85840 0.86589 0.88244 0.88957 0.89159 0.89856 0.90016

[91] 0.90131 0.90777 0.92019 0.93740 0.94989 0.97147 0.97256 0.98911 0.98976 0.99759

2



(a) How many discoveries will be made by the Bonferroni’s multiple testing method
with a familywise error rate level of 5%?

(b) How many discoveries will be made by the Benjamini-Hochberg multiple testing
method with FDR level 10%?

(c) Is it reasonable to say that roughly 10% of the genes discovered in part (b) are
actually not associated with the disease? Elaborate.
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