STH52 Midterm

Winter 2019

Answer the questions in the spaces provided on this exam.
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Name:

You have 50 minutes to complete the exam.

There are 3 questions. Answer all of the questions.

Please

— do not look at the exam until I tell you and

— stop writing when I announce that the exam is over.

There is one page of statistical tables at the end of the exam. You may remove the
page of tables if you desire.

Question | Points | Score
1 15
2 15
3 10
Total: 40
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1. (a) Show the least squares estimates of B8 in multiple linear regression are unbiased. (10)
You should begin by stating the multiple linear regression model in matrix form,
along with any assumptions you require.
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2 Question 1 continues on the next page...
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(b) Imagine the errors are correlated. For example, that the variance-covariance matrix (5)
of the errors, Var (€), is a symmetric n X n matrix, ¥, i.e. Var(e) = X. Are the
least squares estimates still unbiased? Justify your answer.
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2. As part of the National Longitudinal Study on Youth, cognitive test scores fo:‘ 43413—

and 4-year old children and their mothers are obtained.

Consider the following regression model:

child’s score; = S1Mother HS; + S;Mother no HS; + SsMother’s score + ¢;

where "Mother HS” and "Mother no HS” are the indicator variables:

otherwise

Mother HS, = {O

and

1

Mother no HS; = {O

otherwise

Results from the least squares fit are given below.

n

A 25.7 \ 8. 0.10  0.10
f=1 3L7 @L (XTx)™' = 0.10  0.12
0.6 e, —0.001

& =181,

(a) Find a 95% confidence interval for the parameter fs.
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(b) Interpret your confidence interval from part (a) in the context of the study.
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(c) Consider the linear combination 5y — ;. Conduct a t-test (at the 5% significance (5)
level) on the null hypothesis that the linear combination is zero.
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(d) The test in part (c) may also be considered as an F-test. Write down the forms for (2)
the two models that would be compared in such an F-test.
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n=
3. Researchers _callected data on student evaluations of instructors’ teaching quality and
beauty fol 463 dourses at the University of Texas.

The first five rows of the data are given below:

evaluation gender beauty
4.30 female 0.20
4.50 male -0.83
3.70 male -0.66
4.30 female -0.77
4.40 female 1.42

Consider the following two models:

Model 1: evaluation; = [y + f1beauty, + fofemale; + (3 (beauty x female), + ¢; = [,_
Model 2: evaluation; = 3y + [ibeauty, + ¢; _
Q=7

where:

« evaluation; is the average score on a teaching evaluation for the instructor of the
ith course,

» beauty, is an average beauty rating for the instructor of the ith course made by six
students who were not in the course, and

o female; is an indicator variable for whether the instructor of the ith course was
female.

The sum of squared residuals are 131.9 and 137.2 for the two models respectively.

(a) Specify the first five rows of the design matrix, X, corresponding to Model 1. (2)
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) Conduct F-test to compare the two models.
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(c) Interpret the result of your F-test from part (b) in the context of the study. (3)
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