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1 Warmups
1.1 Joint Distributions

1. Given a Normal RV 𝑋 ∼ 𝑁 (𝜇, 𝜎2), how can we compute 𝑃(𝑋 ≤ 𝑥) from the standard
Normal distribution Z with CDF 𝜙?

2. What is a continuity correction and when should we use it?

3. If we have a joint PMF for discrete random variables 𝑝𝑋,𝑌 (𝑥, 𝑦), how can we compute the
marginal PMF 𝑝𝑋 (𝑥)?

1.2 Independent Random Variables
1. What distribution does the sum of two independent binomial RVs 𝑋 + 𝑌 have, where 𝑋 ∼

𝐵𝑖𝑛(𝑛1, 𝑝) and 𝑌 ∼ 𝐵𝑖𝑛(𝑛2, 𝑝)? Include the parameter(s) in your answer. Why is this the
case?

2. What distribution does the sum of two independent Poisson RVs 𝑋 + 𝑌 have, where 𝑋 ∼
Poi(𝜆1) and 𝑌 ∼ Poi(𝜆2)? Include the parameter(s) in your answer.

1.3 Joint Random Variables Statistics
True or False? The symbol𝐶𝑜𝑣 is covariance, and the symbol 𝜌 is Pearson correlation. And 𝑋 ⊥ 𝑌
is just a fancy way to say that 𝑋 and 𝑌 are independent.

𝑋 ⊥ 𝑌 =⇒ 𝐶𝑜𝑣(𝑋,𝑌 ) = 0 𝑉𝑎𝑟 (𝑋 + 𝑋) = 2𝑉𝑎𝑟 (𝑋)
𝐶𝑜𝑣(𝑋,𝑌 ) = 0 =⇒ X ⊥ 𝑌 𝑋 ∼ N(0, 1) ∧ 𝑌 ∼ N(0, 1) =⇒ 𝜌(𝑋,𝑌 ) = 1
𝑌 = 𝑋2 =⇒ 𝜌(𝑋,𝑌 ) = 1 𝑌 = 3𝑋 =⇒ 𝜌(𝑋,𝑌 ) = 3
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2 Problems
2.1 Elections
We would like to see how we could predict an election between two candidates in France (A and
B), given data from 10 polls. For each of the 10 polls, we report below their sample size, how
many people said they would vote for candidate A, and how many people said they would vote for
candidate B. Not all polls are created equal, so for each poll we also report a value "weight" which
represents how accurate we believe the poll was. The data for this problem can be found on the
class website in polls.csv:

a. First, assume that each sample in each poll is an independent experiment of whether or not a
random person in France would vote for candidate A (disregard weights).

• Calculate the probability that a random person in France votes for candidate A.
• Assume each person votes for candidate A with the probability you’ve calculated and

otherwise votes for candidate B. If the population of France is 64,888,792, what is the
probability that candidate A gets more than half of the votes?

b. Nate Silver at fivethirtyeight pioneered an approach called the "Poll of Polls" to predict
elections. For each candidate A or B, we have a random variable 𝑆𝐴 or 𝑆𝐵 which represents
their strength on election night (like ELO scores). The probability that A wins is 𝑃(𝑆𝐴 > 𝑆𝐵).

• Identify the parameters for the random variables 𝑆𝐴 and 𝑆𝐵. Both 𝑆𝐴 and 𝑆𝐵 are defined
to be normal with the following parameters:
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• We will calculate 𝑃(𝑆𝐴 > 𝑆𝐵) by simulating 100,000 fake elections. In each fake
election, we draw a random sample for the strength of A from 𝑆𝐴 and a random sample
for the strength of B from 𝑆𝐵. If 𝑆𝐴 is greater than 𝑆𝐵, candidate A wins. What do we
expect to see if we simulate so many times? What do we actually see?

c. Which model, the one from (a) or the model from (b) seems more appropriate? Why might
that be the case? On election night candidate A wins. Was your prediction from part (b)
"correct"?

2.2 Approximating Normal
Your website has 100 users and each day each user independently has a 20% chance of logging into
your website. Use a normal approximation to estimate the probability that more than 21 users log
in.
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