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1. The output below uses the schizophrenia data in which patients were observed at years 1, 2, 3, 4, 5, and 6
taking one of three drugs: Atypical, Clozapine, Typical each year.

Sketch the predicted response as a function of time (with years ranging from 0 to 6), for a patient who took
Atypical drugs 1/3 of the time and Clozapine 2/3 of the time if they were on Atypical drugs and if they were
on Clozapine. On the graph, indicate the numerical value of the intercept and of the slope of the line.
Repeat for the same patient taking Clozapine. (15 points)
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2. Discuss whether you should use the aggregate (marginal) or the segregated (conditional) data to attempt to
determine the true effect in the following situation: There are two treatments used on kidney stones:
Treatment A and Treatment B. Doctors are more likely to use Treatment A on large (and therefore, more
severe) stones and more likely to use Treatment B on small stones. Should a patient who doesn’t know the
size of his or her stone examine the general population data, or the stone size-specific data when determining
which treatment will be more effective? Why? Draw a Paik diagram if it helps to make your point more
clearly. (15 points)
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3. Discuss how Lord’s Paradox illustrates the usefulness of the gain score to test the difference between two
treatments in which the response of interest has been measured before and after the application of the
treatments but in which treatment assignment has not been randomized. Compare (a) regression of the gain
score on the treatment variable with (b) regression of the post-test on the treatment variable using the
pre-test as a covariate. Which of the two methods would be better if treatments had been randomly
assigned? Discuss why. (25 points)
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4. Let mat be a matrix of integers in R. Write a function to find how many rows have exactly two instances of
the number 7. (5 points)
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5. Consider a mixed model of the form lme( Y ~ X, data, random = ~ 1 + X| id) in which there are two
observations per cluster and the predictor, X, has the same two values, 0 and 1, in each cluster. Determine
whether the variance parametrization of the model is identifiable. (20 points)
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6. Let Y and X be a numerical variables and let G be a factor. Consider the following models. All but one of
these models will produce the same regression coefficient for X or Xr but they will produce different standard
errors. Identify the model that produces a different coefficient. Rank the others where you can according to
the standard error of the estimated coefficient for X stating which would be equal if any (assume a very large
n and ignore the effect of slight differences in degrees of freedom for the error term). Explain your reasoning
briefly.

(A) Y ~ X + G
(B) Y ~ X
(C) Yr ~ Xr where Yr is the residual of Y regressed on G and Xr is the same for X
(D) Y ~ Xr
(E) Y ~ X + Xh where Xh is the predictor of X in the regression of X on G
(F) Y ~ X + Xh + Zg where Zg is a ‘G-level’ numerical variable, i.e. it has the same value for all

observations within any value of G.
*(25 points)*
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7. The following XKCD cartoon shows two statisticians interpreting the same data: one who uses a frequentist
approach unquestioningly and one who uses a Bayesian approach.

Make some reasonable assumptions, stating them explicitly, and calculate a reasonable value for the Bayesian
statistician’s posterior probability that the sun has exploded. Discuss why there is a difference between the
‘p-value’ of 0.027 and the Bayesian posterior probability. Under what circumstances would you expect a
p-value to be close to a posterior probability? (15 points)
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8. Write a function in R that takes a character string and collapses multiple adjoining blanks to a single blank.
(5 points)

9. In R, If x is a matrix, what does x[] <- 0 do? How is it different from x <- 0? (5 points)

10. In R, the data frame mtcars has 32 rows and 11 variables of which cyl is a variable recording
the number of cylinders in each type of car. Fix each of the following common data frame subsetting errors in R:

mtcars[mtcars$cyl = 4, ]

mtcars[-1:4, ]

mtcars[mtcars$cyl <= 5]

mtcars[mtcars$cyl == 4 | 6, ]

(10 points)
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11. Write a function in R that removes from a data frame every variable whose name starts with the letter ‘X’
and ends in a number. (5 points)

12. A survey of Canadian families yielded average ‘equity’ (i.e. total owned in real estate, bonds, stocks, etc.
minus total owed) of $48,000. Aggregate government data of the total equity in the Canadian population
shows that this figure must be much larger, in fact more than three times as large. Does this show that
respondents must tend to dramatically underreport their equity or is there a probable explanation that is
consistent with honest reporting by respondents? (10 points)

END
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