
Question 1 (Multiple Choice I, 20 points). .
Please select the best answer for each question.

(a) In which of the following circumstances would you expect the resulting histogram to be approximately
normal? [4 points]

(A) 100 people each roll a pair of dice and record the sum

(B) 100 people each flip a coin 30 times and record the number of heads - This is a sum of
many independent trials.

(C) 100 people each roll a die 5 times and record the largest value they got

(D) 1000 people record which day of the year they were born on

(b) Busses arrive every 15 minutes at a given stop. If you show up there which probability distribution best
models the amount of time you would need to wait? [4 points]

(A) Exponential

(B) Normal

(C) Uniform - The wait should be a random time between 0 and 15 minutes.

(D) Geometric

(c) You are listening to the radio on a long car trip. What distribution will best model the number of times
that your favorite song comes on during the trip? [4 points]

(A) Geometric

(B) Poisson - This is the number of times something happens over a continuous time period.

(C) Exponential

(D) Uniform

(d) Trying to better understand wildlife health, a government agency randomly selects 100 parks and contracts
rangers at these parks to catch and examine 20 random animals in each. This is likely an example of
which kind of sample design? [4 points]

(A) Simple Random Sample

(B) Stratified Random Sample

(C) Cluster Sample - They select random clusters (parks) and then several individuals within each
cluster.

(D) Voluntary Response Sample

(e) Designers of a phone survey on sexual health worry that participants may be too embarrassed to provide
accurate answers. This is an example of which kind of bias? [4 points]

(A) Undercoverage

(B) Non-response bias

(C) Response bias - They worry that responses may be inaccurate

(D) Voluntary response bias
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Question 2 (Multiple Choice II, 20 points). .
Please select the best answer for each question.

(a) What is the meaning of the p-value in a hypothesis test? [4 points]

(A) The probability of seeing a result as least as surprising if the null hypothesis were true

(B) The probability that the null hypothesis is false

(C) The probability that the null hypothesis is true

(D) The probability we would have needed to assign to the null hypothesis before hand in order to still
believe it

(b) Which of the is NOT necessarily true about continuous distributions X? [4 points]

(A) E[2X] = 2E[X]

(B) The probability that X is equal to any particular value is 0

(C) The distribution X is defined by a probability density function

(D) X can take on any real numbered value - For example the uniform distribution only takes
values in a given range.

(c) An election poll gives a 90% confidence interval for the fraction of likely voters supporting candidate A
of [49%, 52%]. What does this mean? [4 points]

(A) There’s a group of 90% of the voters where between 49% and 52% of the voters in that group support
candidate A.

(B) There’s a 90% chance that the true fraction of voters supporting candidate A is between 49% and
52%.

(C) If the poll is run many times with different random samples, 90% of the time the true
fraction of voters supporting A would lie in the interval.

(D) In 90% of neighborhoods, the fraction of voters supporting A is between 49 and 52 percent.

(d) When computing a confidence interval for a proportion, increasing the confidence level will do what to
the size of the confidence interval? [4 points]

(A) The new confidence interval will be smaller than before

(B) The size of the confidence interval will remain unchanged

(C) The new confidence interval will be larger than before - The critical value will be larger,
leading to a larger confidence interval.

(e) When computing a confidence interval, what happens to the size of the confidence interval if more samples
are taken, but the confidence level remains the same? [4 points]

(A) The new confidence interval will be smaller than before - The greater number of samples
leads to a smaller standard error and a smaller confidence interval.

(B) The size of the confidence interval will remain unchanged

(C) The new confidence interval will be larger than before
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Question 3 (Biased Coin, 20 points). A trick coin comes up heads only 1/3 of the time.

a You flip the coin until it comes up heads. What is the distribution of the number of flips required? What
is the probability that it takes exactly 5 flips until you get the first heads? [5 points]
This is a Geometric(1/3) distribution. The probability that it is exactly 5 is (2/3)4(1/3) = 16/273.

b You flip the coin 6 times and count the number of heads. What distribution gives the total count? What
is the probability that you get exactly 3 heads? [5 points]
The distribution is a Binomial(6, 1/3). The probability of exactly 3 heads is

(
6
3

)
(1/3)3(2/3)3 = 20(1/3)3(2/3)3 =

160/729.

c Suppose you flip the coin 20 times. Using the normal model, what is the approximate probability that at
least half of the flips come up heads? [5 points]
This is the probability that Binomial(20, 1/3) is at least 10. The normal model is N(20/3,

√
20(1/3)(2/3)) =

N(6.66 . . . , 2.11 . . .). The z-score for 10 is 1.58 . . .. Therefore the probability is 5.71 . . .%.

d How many times would you have to flip the coin so that the probability of it coming up heads at least half
the time is less than 2.5%? [5 points]
If we take n samples, we are asking for the probability that Binom(n, 1/3) > n/2, or that N(n/3,

√
n(1/3)(2/3)) >

n/2. The z-score here is
n/2− n/3√
n(1/3)(2/3)

=
√
n(0.35 . . .).

In order for the probability to be less than 2.5%, we need a z-score more than 1.96, so we need

√
n(0.35) > 1.96

or
n > 30.
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Question 4 (Continuous Random Variable, 20 points). Let X be a continuous random variable with prob-
ability density function given by

f(x) =

{
2
x2 if 1 ≤ x ≤ 2

0 otherwise
.

(a) Verify that f satisfies the necessary conditions to define a density function. [8 points]
Firstly, it is clear that f(x) ≥ 0 for all x. Secondly we have that

∫ ∞
−∞

f(x)dx =

∫ 2

1

2

x2
dx =

−2

x
|21 =

−2

2
+

2

1
= 1.

Since the integral equals 1, we are good.

(b) What is the probability that X ≤ 3/2? [6 points]
This is ∫ 3/2

−∞
f(x)dx =

∫ 3/2

1

2

x2
dx =

−2

x
|3/21 =

−2

3/2
+

2

1
= 2− 4/3 = 2/3.

(c) What is the expectation of X? [6 points]
This is ∫ ∞

−∞
xf(x)dx =

∫ 2

1

2

x
dx = 2 log(x)|21 = 2 log(2)− 2 log(1) = 2 log(2).
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Question 5 (Campaign Emails, 20 points). A political candidate knows from experience that about 10% of
their fundraising emails get a positive response. In an attempt to improve this, they are trying out a new
format for these emails. To test the new format, the new email is sent out to a simple random sample of
400 people on the candidate’s mailing list and they find that 49 of them end up responding positively.

(a) What are your null and alternative hypotheses? [8 points]
Let pr be the fraction of people that respond to the new email design.

The null hypothesis is pr = 10%.
The alternative hypothesis is pr > 10%.

(b) What is your test statistic? [8 points]
We compute a standard error of

√
400(0.1)(0.9) = 6. The number of standard errors off that we are

gives a z-score of

z∗ =
49− 40

6
= 1.5.

(c) What is your p-value? If you are aiming for 5% significance, what are your conclusions (please explain
with a complete sentence, not just “reject/don’t reject null hypothesis”)? [4 points]
The z-score correspond to a p-value of 6.68%. This is more than 5%, so we find that there is not enough

evidence to confidently declare the null hypothesis to be false.
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