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MIDTERM EXAMINATION #3 VERSION B
“Multiple Regression With Cross-Section Data”
March 26, 2010

INSTRUCTIONS: This exam is closed-book, closed-notes. You may use a calculator on this
exam, but not a graphing calculator or a calculator with alphabetical keys. Point values for each
question are noted in brackets. Tables of the t-distribution, the F-distribution, and the chi-square
distribution are attached.

NOTATION: In this exam, ,@j denotes the least-squares coefficient estimators of the line

Yi = B1 + B2 Xi2 +...+ Px Xik + &i . The least-squares fitted value is denoted y; . The least-squares
residual is denoted ¢&; . The sample size is denoted n. The true or population value of the
variance of the unobserved error term i is denoted 2. The (unbiased) least-squares estimator
of o isdenoted 2. The sample mean of y is denoted y. The natural logarithm is denoted

In(.).

I. MULTIPLE CHOICE: Circle the one best answer to each question. Use margins for scratch
work [2 pts each—16 pts total]

(1) In the graph below, the solid line is the (2) Suppose we estimate the equation
true population regression line and the yi = B1 + B2 Xi2 +PB3 Xiz +Pa Xia,
circles are observations in the sample. and we want to test the null joint hypothesis
Which assumption appears to be violated in that B2 = P3 = B2 = 0. We should reject the
this sample? null hypothesis at 5% significance if
a. E(eixi) =0. a. all the t-statistics for B2, Ps,and Pa
b. Homoskedasticity: Var(ei) = 6%, a are greater in absolute value than their
constant. 5% critical points.
c. No autocorrelation: Cov(ei,g;)=0 for i#j. b. any of the t-statistics for B2, Bz, or Pa
d. All of the above. are greater in absolute value than their
e. None of the above. 5% critical points.
4 000 c. THE F statistic is less than its 5% critical
point.
d. THE F statistic is greater than its 5%
critical point.

e. THE F statistic is either less than its
lower 2.5 % critical point or greater than
o its upper 2.5 % critical point.
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(3) Suppose we estimate the equation
Yi = B1 + P2 Xi2 +P3 Xi3 .
Which is smaller: ordinary R? or Theil’s

adjusted R? (sometimes called “R')?

a. Ordinary R? .

b. Theil’s adjusted RZ.

c. They are equal.

d. Either the ordinary R? or Theil’s
adjusted R? may be smaller, depending
on the data.

(4) Suppose we estimate the equation
Yi = PB1 + P2 Xi2 + B3 Xi3 .
If Xz and X3 are perfectly correlated, then
the least-squares estimators of their
coefficients
will have large standard errors.
will be zero.
cannot be computed.
will be biased.
will be inconsistent.

®o0 o

(5) Suppose we wish to test the null
hypothesis

in the equation
Yi = B1 + B2 Xi2 +B3 Xiz + P4 Xia
using an LM test. To compute the LM test
statistic, we first estimate the equation
Yi = PB1 + B2 Xiz2 ,
saving the residuals &;, and then estimate
the auxiliary regression

a. & =a1+ ayx, .

b. & =a; + ayxi3 + azxiy .

C. & =aq+ azyXjy + azxiz + ayxyy -
d. &2 =a; + ayx;; .

e. & =a, + ayxiz + asxyy .

f. & =ay + ayxp + asxiz + auxiy .

(6) The equation
y=26+35x2+1.4x3+0.2 (X2 X3)

implies that, holding xz constant, a one-unit

increase in X2 will cause y to increase by

about

2.6 units.

3.5 units.

1.4 units.

(3.5 + 0.2 x3) units.

(1.4 + 0.2 X3) units.

®o0 o

(7) Suppose Q = quantity demanded, P =
price of the good, and | = consumer income.
The price elasticity of demand equals —0.8 in
which equation below?
Q=642-0.8In(P)+1.2In(l).
Q=642-08P+121.
Q=64.2-0.8(P/).
IN(Q)=35-08P+1.21.

In(Q) =3.5-0.8In(P) + 1.2 In(l) .

®o0 o

(8) Suppose we wish to estimate the effect
of horsepower on price using data on
various models of automobile. Moreover,
we want to allow the intercept to be different
for each category of car (two-door, four-
door, hatchback, etc.). If we have four
categories of cars, we need

one dummy variable.

two dummy variables.

three dummy variables.

four dummy variables.

five dummy variables.

®o0 o
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Il. SHORT ANSWER: Please write your answers in the boxes on this question sheet. Use
margins for scratch work.

(1) [Algebraic properties: 3 pts] Suppose we estimate the equation yi = B1 + B2 Xi2, + B3 Xi3 + &
by ordinary least squares. Which equations hold necessarily, regardless of the data or the model?
Write "TRUE" or "FALSE" in the boxes below.

a Y@ —»?+EZE)? =20 —»)?

b. Z Xi2Xi3 = O

C.Xyi&=0

(2) [Properties: 4 pts] Which of the following conditions cause the least-squares estimators for
the slope coefficients (the [s) to be biased and inconsistent? Write “YES” or “NO.”

a. A regressor (x) is measured with error.

b. The error term (g) is correlated with a regressor (x).

c. The error term (&) is heteroskedastic.

d. The dependent variable (y) is measured with error.

(3) [Variance of LS estimators: 4 pts] Suppose we estimate the equation

Yi = PB1 + B2 Xi2, + B3 Xiz + &i . Assume that the Gauss-Markov assumptions hold. How would
each of the following affect the variance of the least-squares slope estimator $, ? Write
“INCREASES VARIANCE” or “DECREASES VARIANCE” in each box below

a. Regressor Xi2 is more closely correlated with
regressor Xis .

b. The sample size n decreases.

c. The variance of the error term Var(gj) = c°
decreases.

d. The variation of the x;> values around their
sample mean i, decreases.
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(4) [Adding regressors: 5 pts] Suppose we first estimate the equation yi = 1 + B2 Xi2 by least
squares, and then estimate yi = B1 + B2 Xi2 + B3 Xi3 . What are the consequences of adding the
regressor Xz ? In each box below, write one of the following:

“must increase, ”’

“must decrease, ”’

“can either increase or decrease,

“must remain constant.”

a. The R? value...

b. Theil’s adjusted R? (also called
“R?7)...

c. The estimated coefficients $; and

By...

d. The standard errors of the estimated
coefficients...

e. The sum of squared residuals...
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I11. PROBLEMS: Write your answers in the boxes on this question sheet.

(1) [Analysis of variance table, R?, F-test: 20 pts] A regression program computed the following
analysis-of-variance (ANOVA) table:

Degrees of Sums of Mean squares
freedom squares (“MS”)
((GDFﬂﬂ) (66SS’7)
Regression (or “Model” or “Explained”) 4 132 33
Residual (or “Error”) 44 88 2
Total 48 220 4.583

a. What is the sample size?

b. How many B coefficients were estimated, including the

intercept?
c. What is the unbiased estimate of the variance of the error
term?

d. Compute the value of R? (sometimes called the “coefficient
of determination”) to at least three significant digits.

e. Compute the value of Theil’s adjusted R? (sometimes called

“ RZ”) to at least three significant digits.
f. [10 pts] Test the joint null hypothesis that all the coefficients except the intercept are zero

(against the alternative hypothesis that at least one of these coefficients is not zero) at 5%

significance. Give the value of the test statistic, its degrees of freedom, the critical point, and

your conclusion (whether you can reject the null hypothesis).

Degrees of freedom in numerator = Degrees of freedom in denominator =

Value of F statistic = Critical point =

Reject null hypothesis?
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(2) [Dummy variables and structural change: 20 pts] Suppose we wish to estimate the effect of
prior test scores on current test scores, using a sample of of 44 students.

test; = current test score for student 1.
old testi = prior test score for student 1.
d; = 1 if student attends a charter school.

0 if student attends a regular public school.

The following four equations were estimated, with the sums of squared residuals (SSR) as
shown.

[1]  test;=22+ 0.7 oldtest; SSR=195
[2] test;=19 + 0.6 oldtest; + 4.0 d; SSR=180
[3] test;=21+0.7 oldtest;— 0.2 (d; x oldtest;) SSR=187
[4]  test;= 18 + 0.8 oldtest; + 6.0 di — 0.3 (d; x oldtest;) SSR=120

First, consider equation [4].

a. According to equation [4], what is the intercept for charter-
school students?

b. According to equation [4], what is the intercept for regular
public-school students?

c. According to equation [4], what is the slope for regular public-
school students?

Second, test the null hypothesis that all students have the same slope but different intercepts,
against the alternative hypothesis that the intercept and slope for charter-school students are both
different from the intercept and slope for regular public-school students, at 5% significance.
Assume the Gauss-Markov assumptions are satisfied and the error term is normally-distributed.

d. Which equation, [1], [2], [3], or [4], is the restricted equation,
representing the null hypothesis?

e. Which equation, [1], [2], [3], or [4], is the unrestricted
equation, representing the alternative hypothesis?

f. [10 pts] Give the value of the test statistic, its degrees of freedom, the critical point, and your
conclusion (whether you can reject the null hypothesis).

Degrees of freedom in numerator = Degrees of freedom in denominator =

Value of F statistic = Critical point =

Reject null hypothesis?
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(3) [Heteroskedasticity: 12 pts] We have estimated the following equation by ordinary least
squares, using average data for 75 countries:

spending on energy per capita = pi + > GDP per capita + ¢.

We believe that all the Gauss-Markov assumptions are satisfied, except that we fear that the error
term (€) might be heteroskedastic, with variance related to country population.

a. If the error term (¢) is heteroskedastic, are the least squares
estimators £, and B, unbiased? (Answer yes or no.)

b. If the error term (¢) is heteroskedastic, are usual standard
errors for the least squares estimators valid? (Answer yes or
no.)

c. Given that the dependent variable is an average, is the
variance of the error term (¢) more likely to be positively or

negatively related to the country's population?
To test for heteroskedasticity, we save the least-squares residuals from the above equation and
estimate the following auxiliary regression by least squares:

& = a; + a, population; + v

where "population" is the country's population and v; is a new error term. The R? value from

this auxiliary regression is 0.062.
d. Compute the value of the Breusch-Pagan test statistic.

e. Find the critical point in the appropriate table at 5%
significance.

f. Can you reject the null hypothesis of no heteroskedasticity at
5% significance?

(4) [Weighted least squares: 12 pts] Suppose we wish to estimate the following equation using
data on states:
Vi=Bi+PaXitei.

However, we believe that &; is heteroskedastic, with Var(ei) = o popi, where popi is the state's
population and a is an unknown constant. The first two observations of raw data are given
below at left. Transform these data to eliminate the heteroskedasticity. Put your answers in the
empty boxes at right.

Raw data Transformed data
i Yi Intercept Xi popi Yi Intercept Xi
1 12 1 32 16
2 51 1 21 9
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IV. CRITICAL THINKING: [4 pts] Suppose you want to estimate the ceteris-paribus effect
of the price of oranges on the quantity demanded of oranges. Using a dataset on n=50 cities, you
plan to estimate the following demand equation:

Quantity of oranges = B1 + P2 price of oranges + i,

where the true value of B2 is negative by the law of demand. Now suppose oranges and
grapefruits are substitutes in demand, and the price of oranges is positively correlated with the
price of grapefruits. If the price of grapefruits is omitted from the regression equation, will the
least-squares estimate of B2 be biased up (closer to zero), biased down (too negative), or
unbiased? Explain your answer. Draw a graph showing the true ceteris-paribus relationship
between the quantity of oranges and the price of oranges as a solid line, the likely pattern of
observations as dots or circles, and the least squares line as a dotted line.

Quantity of
oranges

v

Price of oranges

[end of exam]




