
Midterm 2
EC031-S25

Name: _____________________________

For this midterm, you will be asked several questions about what we’ve learned in class. There
are five questions in this exam. Choose and answer 4 out of 5 questions. You will not
receive extra credit for answering all questions.

The exam is out of 100 points. By default, all math-involved questions require showing your
work, unless otherwise stated. Simply writing down the right answer is not enough for full
credit.

For “explain your answer” questions, the length of the answer is not as important as being
able to clearly explain your thinking. As a general rule, 3-5 sentences should suffice.

The amount of space that I give you is not indicative of how much is needed to answer the
question. Clearly mark the questions that you choose.

Note: The last page of the exam is a t-distribution table.

Tip: Before starting the exam, look through all the questions and choose the ones
you want to answer.
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Question 1 [25 points]

Assume that there are two random variables 𝑋, 𝑌 and 𝑍 with expected values 𝜇𝑥, 𝜇𝑦, and 𝜇𝑧
and variances 𝜎2

𝑥 and 𝜎2
𝑦, and 𝜎2

𝑧 . Let the covariance between any two random variables be:
𝜎𝑖𝑗 where 𝑖 and 𝑗 are the random variables, 𝑋, 𝑌 or 𝑍. Note that the covariance between these
variables need not be 0 (i.e. they aren’t necessarily independent).

Any other letters ( 𝑎, 𝑏, 𝑐 etc. . .) can be considered non-random parameters. For each of the
following problems, rewrite the expressions in terms of their means, variances and covariances
when possible. If not possible, write what you think the answer is and explain why.

a. [7 points] 𝐸(𝑋𝑌 + 𝑏𝑍)

b. [5 points] Var(𝑏𝑋 + 𝑌 )
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c. [7 points] Cov(𝑋, 𝑎)

d. [6 points] Var(𝑋 + 𝑌 + 𝑍) if the covariances between all variables are 0 .
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Question 2 [25 points]

Suppose we have the following data with 𝑁 = 4:

𝑋1𝑖 𝑌𝑖 ̂𝑌𝑖 𝑒𝑖

1 2
0 4
1 4
0 6

Where 𝑒𝑖 is the residual for each observation and ̂𝑌𝑖 is the predicted value of 𝑌𝑖.

a. [10 points] Calculate 𝑏0 and 𝑏1 for the regression line 𝑌 = 𝑏0 + 𝑏1𝑋1.
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b. [5 points] Using the regression line from part a, calculate the residuals and predicted
values for each observation and fill them in the table above.
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c. [5 points] Calculate the TSS (total sum of squares), and the sum of squared residuals.
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d. [5 points] Calculate the 𝑅2 value for the regression line.
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Question 3 [25 points]

In 2-3 sentences or bullet points, explain what Type I and Type II errors are and how they are
linked to a researcher’s choice of significance level (i.e., the value of 𝛼 the researcher sets).
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Question 4 [25 points]

A market research firm used a sample of individuals to rate the purchase potential of a par-
ticular product before and after the individuals saw a new television commercial about the
product. The purchase potential ratings were based on a 0 to 10 scale, with higher values in-
dicating a higher purchase potential. The null hypothesis stated that the mean rating “after”
would be less than or equal to the mean rating “before.” Rejection of this hypothesis would
show that the commercial improved the mean purchase potential rating.

Use 𝛼 = .05 and the following data to test the hypothesis and comment on the value of the
commercial.

Make sure to show all your work:

• Write down your null and alternative hypotheses
• Calculate the test statistic
• Find the critical value
• Make a decision
• Explain your answer

Individual After Before
1 6 5
2 6 4
3 7 7
4 4 3
5 3 5
6 9 8
7 7 5
8 6 6
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Question 4 (extra space)
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Question 5 [25 points]

a. [8 points] State the Classical Linear Regression Model (CLRM) assumption for ho-
moskedastic errors. Then explain or draw a diagram to show an example when this
assumption is violated.
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b. [8 points] State the CLRM assumption about the linearity of the model. Then write
down a model that violates this assumption and explain why.
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c. [7 points] State the CLRM assumption about the independence of the errors. Then write
down a model that violates this assumption and explain why.
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