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Final Exam

120 minutes

Name:

You may use a calculator and four 8.5” by 11” sheets of notes (front and back): you will not
turn these in with your exam.

Please show all your work, including all calculations, and explain your answers. In case of
ambiguity, please state your assumptions.

Cell phones and any other electronic devices are not permitted at any time. No interaction of
any sort is allowed with anyone except the instructor.

I Short answer questions

1. In his paper Mere renovation is too little, too late, George Cobb borrows a metaphor from
“the California real estate market, where territory has become so valuable that perfectly
good structures once considered state-of-the-art and still acknowledged as serviceable have
nevertheless been overtaken by rapid change.” What implications does this have for statistics?

2. Espinosa and Rubin assess what role military interventions play in civilian homicide rates.
What are causal models and why are they needed in this setting?
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3. A study found that the use of bed nets was associated with a lower prevalence of malarial
infections in the Gambia. A report of the study states that the significance is p < 0.001.
Explain what this means in a way that could be understood by someone who has not studied
statistics.

4. Show that the vector of residuals for a linear regression model is orthogonal to every column
of the design matrix X. (Recall that β̂ = (XtX)−1XtY so Ŷ = X(XtX)−1XtY = HY.)
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5. Consider a standard linear regression model in which first year GPA is modeled to depend
linearly on high school GPA: Yi = β0 + β1xi + εi, for i = 1, 2, . . . , n. Suppose that different
intercepts were to be allowed for females and males, and we write the model as Yi = IF (i)βF +
IM (i)βM + β1xi + εi where IF (i) and IM (i) are indicator variables taking on values 0 and 1
according to whether the gender of the ith person is female or male. Give the form of the
design matrix for such a model where the first three subjects are female and the next three
subjects are male.

6. Seaman et al. describe a situation where a uniform prior distribution yields a prior distribu-
tion as shown in the following figure. What impact would this prior have on the posterior
distribution? What are the implications of this result?
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7. Suppose that a single observation X is taken from a uniform density on [0, θ]. Consider a test
of H0 : θ = 1 versus H1 : θ = 2. Find a test that has significance level α = 0. What is its
power?

8. For the same problem, consider a test that rejects when X is between 0 and 0.10. What is its
significance level and power?

9. For the same problem, consider a test that rejects when X is between 0.9 and 1. What is its
significance level and power?

10. In Statistics at Google scale, Chamandy et al. argue that “Statistical models we take for
granted are sometimes out of reach: constructing a matrix of dimensions n by p can be pure
fantasy, and outliers are the rule, not the exception.” What problem do they address in this
paper and how do they address it?
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11. Describe in detail how you could use the bootstrap to generate a 95% confidence interval
for the population value of the coefficient of determination (COD, aka R2) for a multiple
regression model. (Recall that the rsquared(mod) function will return the value of R2 for
a regression model.) What assumptions are needed for this interval to have appropriate
coverage?

12. SupposeX1, . . . , Xn come from an exponential distribution with unknown mean µ. We wish to
make a 90% confidence interval for µ. For a particular set of data, n = 15 and

∑n
i=1 xi = 1.45.

Construct a 90% confidence interval for µ. (You may use the fact that 2
∑n

i=1Xi/µ follows a
χ2 distribution with 2n degrees of freedom and that: qchisq(0.05, df=30) = 18.49;
qchisq(0.1, df=30) = 20.60; qchisq(0.9, df=30) = 40.26;
qchisq(0.95, df=30) = 43.77.)
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13. In a paragraph, summarize the following cartoon in ways that would be accessible to a student
in STAT230 (Intermediate Statistics).
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14. Consider the following table of means for a study where there were 2 observations per
group. Let Ȳij = µ + αi + βj + δij , where i denotes the rows and j denotes the columns.

I II III
A 0 -5 -4
B 6 -2 2
C 3 1 -1

Find estimates for the parameters of the model (µ, α1, α2, α3, β1, β2, β3, and a table of values
for δij). Is there an effect of rows? Is there an effect of columns? Is there an interaction?

µ :

α :

β :

δ =

I II III

A

B

C
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