
Problem 1. ADAPTING CONFIDENCE INTERVALS/HYPOTHESIS TEST FOR TWO POP-
ULATIONS
We know at this point that the sum of independent normal random variables X1 ∼ N(µ1, σ

2
1), X2 ∼

N(µ2, σ
2
2) results in a normal distribution where X1 +X2 ∼ N(µ1 + µ2, σ

2
1 + σ2

2).

a) Assuming that n and m are large enough for CLT to apply, suppose that X1, X2, ..., Xn

are i.i.d with E(Xi) = µ1, V (Xi) = σ2
1 and Y1, Y2, ..., Ym are i.i.d with E(Yj) = µ2, V (Yj) = σ2

2.
What is the distribution of X − Y ?

b) Extending from the one population case, derive the (1 −α)100% confidence interval
for the difference in population means: µ1−µ2. You may use the notation Zα/2 to denote the
z-score with a lower tail probability of α/2.
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Parts (c)-(g): A fictional study on randomly selected individuals is conducted to examine
the effects of having a regular breakfast each work day on their energy levels. Of the 97 people
who eat breakfast regularly, 82% reported that they felt energetic and focused at work during
the morning hours, while 68% of the 90 people who skip breakfast felt the same way.

c) Based on the data, what is a range of plausible differences between the two groups
of people at 95% confidence? You may use p̂1 and p̂2 to estimate the variance. What does
your confidence interval suggest in terms of eating breakfast and morning energy?

Sampling distribution of p̂1 − p̂2:

Estimated variance of p̂1 − p̂2:

d) Suppose you wanted to to see if there is a difference in energy and focus between
people who eat breakfast regularly and those who do not. Formula the appropriate null and
alternative hypotheses.

e) A hypothesis test requires you to find probabilities under the assumption that the
null hypothesis is true, which in this context is p1 = p2 (= p). Given that you know neither p1
nor p2, only that they are equal in value to some common p, where p represents the proportion
of individuals who feel energetic and focused at work in the morning hours. Knowing this,
propose a way to estimate this common p from the data.
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f) Using your p from part (e), conduct a hypothesis test using a 5% significance level.
Interpret your results. Recall any parameter values you use in your hypothesis test must be a
result of assuming H0 to be true.

g) (real BONUS) Identify one major/critical difference between the computation re-
quired in part (f) versus in part (c). What is the reason for this difference?
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