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1. 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, ]

(20 points)
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2. The following is some output from a linear regression of life expectancy in a number of countries regressed on
HE (health expenditures per capita per year in dollars US), smoke
(cigarettes per capita per year), hiv and special, that are two indicator variable to identify anomalous countries.

Construct a hypothesis matrix to estimate the predicted difference in life expectancy associated with an
increase of 1,000 cigarettes per capita per year for a country with a level of health expenditures equal to
2,000 and cigarette consumption equal to 1,000.
*(10 points)*

– 3–



MATH 4939 Midterm February 14, 2020

3. (continued from the previous question) Construct a hypothesis matrix to estimate the predicted difference in
life expectancy associated with an increase of 1,000 dollars in health expenditures per capita per year for a
country with a level of health expenditures equal to 2,000 and cigarette consumption equal to 1,000.
(10 points)

4. Here are some fictitious data on the rate of complications for appendectomies performed at University
Hospital, a large urban teaching and research hospital, and in County Hospital, a small-town hospital: at
University Hospital there were 800 cases with 100 (12.5%) resulting in complication and at County Hospital
there were 200 cases resulting in 5 (10%) complications. The p-value for a test of the hypothesis that there is
no difference in the rate at the two hospitals is 0.0037. Suppose that appendectomies can be classified as
high risk or low risk and that the high risk cases tend to be directed disproportionately to University
Hospital instead of County Hospital. Construct two hypothetical tables, one for each level of risk, and draw a
Paik diagram that shows how it is possible for both high- and low-risk patients to have a lower probability of
complications at University Hospital than at County Hospital, although, overall the probability of
complications is higher at University Hospital than at County Hospital. (10 points)
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5. Suppose a test for glaucoma has a sensitivity of .95 and a specificity of .90. You receive the test as a routine
test on a regular visit to your optometrist. The prevalence of glaucoma in your age, ethnic and gender group
among people who have not been previously diagnosed is 1 per 100. The test, alas, is positive. Use a natural
frequency table to find the probability that you have glaucoma given the positive test result. (10 points)

6. Suppose you were to read about a study based on a random survey of Ontario medical records that shows
that smokers have twice as high a risk of kidney disease as non-smokers. Is it reasonable to conclude that
smoking causes a higher risk of kidney disease? Why or why not? (10 points)
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7. When performing a regression, discuss situations when a) it would be important to include a variable that is
not significant and b) it would be important to exclude a variable that is highly significant. Give examples of
each situation. (15 points)
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8. Let
d1 <- data.frame(id = c('a', 'a', 'b', 'c'), grade = c(1, 2, 1, 3))
d2 <- data.frame(id = c('a', 'c', 'c', 'd'), year = c(3, 1, 3, 4))
Describe the differences between the outputs of the following commands:
a. merge(d1, d2)
b. merge(d1, d2, all.x = TRUE) (10 points)
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9. Write a function in R that takes a character string and collapses multiple adjoining blanks between words to
a single blank and remove leading and trailing blanks. (10 points)

END
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