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1 (30 points) You are conducting an econometric model to explain the new passenger cars
sold in the United States using the yearly data from Business Statistics, 1986, A Supple-
ment to the Current Survey of Business, U.S Department of Commerce from 1971 to 1986.
Estimate the model Eq.1 reports in the Table 1.1

ln(Y)i = β1 + β2ln(X2)i + β3ln(X3)i + β4ln(X4)i + β5ln(X5)i + β6ln(X6)i
(Eq.1)

where

Y = new passenger cars sold (Thousands), seasonally unadjusted.

X2 = new cars, Consumer Price Index, 1967=100, seasonally unadjusted.

X3 = Consumer Price Index (CPI), all urban consumers, 1967 = 100, seasonally unadjusted.

X4 = the personal disposable income (PDI), billions of dollars, unadjusted for seasonal vari-
ation.

X5 = the interest rate, percent, finance company paper placed directly.

X6 = the employed civilian labor force (thousands), unadjusted for seasonal variation.
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The estimation result model Eq.1 is reported as below:
Table 1.1 The Regression Result of Model Eq.1

1.1 (5 points) Report the regression equation for model Eq.1 in the standard format.
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1.2 (10 points) Based on Table 1.1, Is there evidence of multicollinearity in the data?
How do you know? Explain your answers in detail and state the critical value for hypothesis
testing to receive fully points. If there is the multicollinearity problem, what remedial action,
if any, would you take?

—page—4



FINAL EXAMINATION
Seat No................................
ID.No...................................

Table 1.2 the Correlation Matrix

Table 1.3 Variance Inflation Factors and Tolerance (VIF)
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1.3 (15 points) Apply the correlation matrix and Variance Inflation Factors and Tolerance
(VIF) given in Table 1.2 and 1.3 to detect the multicollinearity. If there is the multicollinear-
ity problem, what remedial action, if any, would you take?
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2. (40 points) This empirical illustration is based on the data on the copper industry. The
data were collected by Gary R. Smith from sources such as American Metal Market, and
U.S. Department of Commerce publications. The Data are time series data with 30 yearly
observations from 1951 to 180 on the following variables :

C: = 12-month average U.S. domestic price of copper (cents per pound);
G: = annual gross national product ($, billions) ;
I: = 12-month average index of industrial production;
L: = 12-month average London Metal Exchange price of copper (pounds sterling);
H: = number of housing starts per year (thousands of units);
A: = 12-month average price of aluminum (cents per pound);

The model used to explain U.S. domestic price of copper is a linear regression model which
is represented as:

ln(Ct) = β1 + β2ln(Gt) + β3ln(It) + β4ln(Lt) + β5ln(Ht) + β6ln(At) + ui

(Eq.2)

The estimation result is reported as below:

Table 2.1 The regression result of the U.S. domestic price of copper
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2.1 (5 points) Based on the regression result of the U.S. domestic price of copper on table
2.1, interpret carefully each of the slope coefficient estimates β2 and β6.

Now, consider the following stata command:

predict uhat,resid
two-way (scatter that year) (line that year)
Figure 2.1
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2.2 (5 points) From the Figure 2.1, is there the problem of autocorrelation? If yes, positive
or negative autocorrelation ? Briefly explain how you detect it.

Test 2.1 Detect the AR(1) in the disturbance terms Eq.2
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2.3 (10 points) Based on the Test 2.1, Is there positive serial correlation in the disturbances
at the 5 percent level of significance? Show your work to receive full credits.
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Test 2.2 Detect the AR(1) in the disturbance terms Eq.2

2.3 (10 points) Based on the Test 2.2, Is there positive serial correlation in the disturbances
at the 5 percent level of significance? Show your work to receive full credits.
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2.4 (10 points) Given Durbin-Watson result on Test 2.2, is it necessary to fix the problem
of positive serial correlation in the disturbances ? Why? What is your recommendation to
resolve this problem?

—————————————————The End of Exam———————————————
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1 (18 points) You are conducting an empirical investigation into the median prices of
houses in 506 communities of a large metropolitan area. The sample data consist of 506
observations on the following observable variables:

Pi = the median house price in community i, in dollars;

NOXi = the level of nitrous oxide in the air of community i, in parts per 100 million;

DISTi = the weighted distance of community i from 5 employment centers, in miles;

ROOMSi = the average number of rooms per house in community i;

STRATi = the average student-teacher ratio of schools in community i.

Your research assistant estimates the following model of median house prices on the sample
of N = 506 observations. The OLS estimation results for the model are given below (with
standard errors given in parentheses below coefficient estimates).

ln(P)i = β1 + β2ln(NOX)i + β3ln(DIST)i + β4ROOMSi + β5STARTi + ui

(Eq.1)

OLS Estimates of Equation Eq.1:

NOTE: standard errors in parentheses below coefficient estimates.
RSS is the Residual Sum-of-Squares and TSS is the total Sum-of-Squares from OLS estima-
tion of regression equation Eq.1.

–page—2



FINAL EXAMINATION
Seat No................................
ID.No...................................

1.1(3 points)Interpret each of the slope coefficient estimates β̂2 and β̂4 in regression equa-
tionEq.1; that is, explain in words what the numerical values of the slope coefficient estimates
β̂2 and β̂4 mean.

1.2(4 points)Use the estimation results for regression equation Eq.1 to test the individual
significance of each of the slope coefficient estimates β̂2 for ln(NOX) and β̂4 for ROOMS.
For each test, state the null and alternative hypotheses, show how you calculate the required
test statistic, and draw the conclusion. Which of these two slope coefficient estimates are
individually significant at the 5 percent significance level?
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1.3(5 points)Use the estimation results for regression equation Eq.1 to test the joint sig-
nificance of all the slope coefficient estimates at the 1 percent significance level (i.e., for
significance level α = 0.01). State the null and alternative hypotheses, show how you calcu-
late the required test statistic, and state the decision rule you use, and the conclusion you
would draw from the test.
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1.4(6 points) Use the estimation results for regression equation Eq.1 to test the proposition
that β2 = β3 , i.e., the marginal effect of ln(NOX) on ln(P) equals the marginal effect of
ln(DIST) on ln(P).
Explain in words what this proposition means. Perform the test at the 1 percent significance
level.
State the null hypothesis H0 and the alternative hypothesis H1. Write the restricted regres-
sion equation implied by the null hypothesis H0.
OLS estimation of this restricted regression equation yields a Residual Sum-of-Squares
value of RSS = 41.9532. Use this information, together with the results from OLS esti-
mation of equation Eq.1, to calculate the required test statistic, and state the decision rule
you use, and the conclusion you would draw from the test.
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2 (18 points) Consider the log monthly earnings equation as follows:

log(wage)i = β1 + β2educi + β3experi + β4tenurei + β5marriedi

β6blacki + β7southi + β8urbani + ui

(Eq.2)
where educ, exper, and tenure are all relevant productivity characteristics. Married, black,
south, and urban are qualitative variables.

log(wage)i =natural log of wage

educi =years of education

experi =years of work experience

tenurei =years with current employer

Marriedi =1 if married,

blacki = 1 if black,

southi =1 if living in the south,

urbani =1 if living in urban.

The estimation result model Eq.2 is reported as below:
Table 2.1 the regression result of model Eq.2
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2.1 (2 points) Write out the regression equation for log monthly earning based on model
Eq.2.

2.2 (4 points) Which of the coefficients are individually statistically significant at the 5
percent level of significance? State the critical value for hypothesis testing to receive full
points.
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2.3 (5 points) Holding other factors fixed, what is the approximate difference in monthly
earnings between black and nonblacks? Is this difference statistically significant?
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Next, we extend the original model to allow the interaction term between the married variable
and the black variable by adding the “marriediblacki” to the equation. The new model is

log(wage)i = γ1 + γ2educi + γ3experi + γ4tenurei + γ5marriedi

γ6blacki + γ7southi + γ8urbani + γ9marriediblacki + ui

(Eq.3)

The estimation result is reported as below:
Table 2.2 the regression result of model ??

Note: marriedblack = married*black
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2.4 (4 points) Write out the regression equation for log monthly earning based on model
??. Does there appear to be a significant interaction effect among the new terms? Assess
this with respect to both the black dummy variable and their interaction term and explained
the results. What is the conditional expectation of log(wage)i for married blacks?
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2.5 (3 points) What is the estimated wage differential between married blacks and married
nonblacks?
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3 (18 points) To assess the feasibility of a guaranteed annual wage (negative income tax),
the Rand Corporation conducted a study to assess the response of labor supply (average
hours of work) to increasing hourly wages.The data for this study were drawn from a national
sample of 6,000 households with a male head earning less than $ 15,000 annually. The data
were divided into 39 demographic groups for analysis. Because data for four demographic
groups were missing for some variables, the data given in this example refer to only 35
demographic groups. Estimate the model ?? reports in the Table 3.1

Hoursi = β1 + β2ratesi + β3ERSPi + β4ERNOi + β5NEINi

β6asseti + β7agei + β8DEPi + β9schooli + ui

(Eq.4)

where

Hoursi = average hours worked during the year

ratei = average hourly wage (dollars)

ERSPi = average yearly earnings of spouse (dollars)

ERNOi = average yearly earnings of other family members (dollars)

NEINi = average yearly nonearned income

assetsi = average family asset holdings (bank account, etc.) (dollars)

agei = average age of respondent

DEPi = average number of dependents

schooli = average highest grade of school completed
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The estimation result model ?? is reported as below:
Table 3.1 the regression result of model ??

3.1 (2 points) Write out the regression equation for model ??.
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Table 3.2 the correlation matrix

3.2 (8 points) Is there evidence of multicollinearity in the data? How do you know?
Explain your answers in detail and state the critical value for hypothesis testing to receive
fully points. If there is the multicollinearity problem, what remedial action, if any, would
you take?
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Table 3.3 Variance Inflation Factors and Tolerance (VIF

3.3 (3 points) Explain the outcome of Variance Inflation Factors and Tolerance (VIF).
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3.4 State with reason whether the following statement are true or false.

a. (2.5 points) Despite perfect multicollinearity, OLS estimators are BLUE.

b. (2.5 points) In case of high multicollinearity, it is not possible to assess the individual
significance of one or more partial regression coefficients.
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4. (18 points) Consider Method of Generalized Least Square (GLS).

Through Ordinary Least Square (OLS), we minimize

n∑
i=1

û2
i =

n∑
i=1

(Yi − β̂1 − β̂2Xi)
2.

Through Generalized Least Square (GLS), we minimize

n∑
i=1

wiû
2
i =

n∑
i=1

wi(Yi − β̂∗
1 − β̂∗

2Xi)
2.

where wi =
1
σ2
i

4.1 (5 points) Explain a rationale on the method of generalized least square (GLS). In other
words; explain why GLS is superior or more appropriate than OLS in the presence of
heteroscedasticity.
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You are conducting an empirical investigation into the air quality in California for 2015. The
sample data consists of 30 standard metropolitan statistical areas (SMSAs) on the following
variables:

airq = indicator for air quality (the lower the better);

vala = value added of companies (in 1000 US $);

rain = amount of rain (in inches);

coas = dummy variable, 1 for SMSAs at the coast; 0 for others;

dens = population density (per square mile);

medi = average income per head (in US $).

Your research assistant estimates a following regression model of air quality in California on
the sample of N = 30 observations

airqi = β1 + β2valai + β3raini + β4coasi + β5densi
β6medii + ui

(Eq.5)

The estimation results for the model ?? are given below.

Table 4.1 the regression result of model ??
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4.2 (3 points) From the table 4.1, interpret each of the slope coefficient estimates β̂2 and
β̂4 in regression model ??.

Now, consider the following Stata command:

predict yhat if e(sample)

predict e if e(sample), resid

gen esquare = e2

scatter esquare yhat

Figure 4.1 The relationship between u2
i and Ŷi from the regression results of ??

–page—19



FINAL EXAMINATION
Seat No................................
ID.No...................................

4.3 (2 points) From the figure 4.1 , is there any problem of Heteroskedasticity? Why or
Why not?

Now, consider the following tests:

Test 1: Bruech-Pagan test
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4.4 (4 points) According to Bruech-Pagan test , does heteroskedasticity arise? Conduct
F-test for checking heteroscedasticity at the 5 percent significance level (i.e., for significance
level α = 0.05)

Test 2: White-test
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4.5 (4 points) According to White-test , does heteroskedasticity arise? Conduct LM-test
for checking heteroscedasticity at the 5 percent significance level (i.e., for significance level
α = 0.05)
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5. (18 points) This empirical illustration is based on one of the funding articles on autocor-
relation, viz. Hildreth and Lu (1960). The data used in this study are time series data with
30 four-weekly observations from 18 March 1951 to 11 July 1953 on the following variables :

consump: consumption of ice cream per head (in pints);
income: average family income per week (in US Dollars);
price: price of ice cream (per pint);
temp: average temperature (in Fahrenheit).

The model used to explain consumption of ice cream is a linear regression model which is
represented as:

ln(consumpt) = β1 + β2incomet + β3ln(pricet) + β4tempt + ui

(Eq.6)

The estimation result is reported as below:

Table 5.1 the regression result of the demand for ice cream
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5.1 (4 points) Based on the regression result of the demand for ice cream on table 5.1,
interpret carefully each of the slope coefficient estimates β2 and β3.

Now, consider the following stata command:

scatter consump time

Figure 5.1
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5.2 (4 points) From the Figure 5.1, is there the problem of autocorrelation? If yes, positive
or negative autocorrelation ? Briefly explain how you detect it.

Test 5.1 Durbin-Watson test on model ??
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5.3 (5 points) Based on the Test 5.1, Is there positive serial correlation in the disturbances
at the 5 percent level of significance? Show your work to receive full credits.
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Table 5.2

5.4 (5 points) Given Durbin-Watson result on Test 5.1, is it necessary to perform the
regression in Table 5.2 instead of Table 5.1? Why? What is the limitation of using the
technique in table 5.2?

—————————————————The End of Exam———————————————
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