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QUEEN'S UNIVERSITY AT KINGSTON  
Department of Economics 

                  

CONFIDENTIAL
turn in exam

question paper
 

ECONOMICS 351* - Winter Term 2005 

Introductory Econometrics   
 
Winter Term 2005 FINAL EXAMINATION M.G. Abbott 
 
DATE:    Friday April 15, 2005   
 
TIME:    Three (3) hours (180 minutes); 2:00 p.m. - 5 p.m.  
 
INSTRUCTIONS:  The examination is divided into two parts.  
 

PART A  contains two questions; students are required to answer ONE of the two questions 1 
and 2 in Part A.   

PART B  contains two questions; students are required to answer BOTH questions 3 and 4 in 
Part B.   

 

• Answer all questions in the exam booklets provided.  Be sure your student number is printed 
clearly and legibly on the front page of all exam booklets used.   

• Do not write answers to questions on the front page of the first exam booklet.   

• Please label clearly each of your answers in the exam booklets with the appropriate number 
and letter.   

• Please write legibly.  GOOD LUCK!  
 
The candidate is urged to submit with the answer paper a clear statement of any assumptions made 
if doubt exists as to the interpretation of any question that requires a written answer.   
 
MARKING: The marks for each question are indicated in parentheses immediately above each 
question. Total marks for the exam equal 200.   
 
 PART A: Questions 1 and 2 (30 marks for each question)  ...................   30 marks 
    Answer either one of Questions 1 and 2.    
 

 PART B: Questions 3 (100 marks) and 4 (70 marks)      .................. 170 marks 
    Answer all parts of Questions 3 and 4.  
 
 TOTAL MARKS  .......................................…..…........................................ 200 marks 
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PART A  (30 marks)   
 
Instructions:  Answer EITHER ONE (1) of questions 1 and 2 in this part. Total marks for each 
question equal 30; marks for each part are given in parentheses.   
 
(30 marks)    
1. Consider the simple (two-variable) linear regression model for which the population regression 

equation can be written in conventional notation as:   
 
                 (1) ii10i uXY +β+β=
 

where Yi and Xi are observable variables, 0β  and β1 are unknown (constant) regression 
coefficients, and ui is an unobservable random error term.  The Ordinary Least Squares (OLS) 
sample regression equation corresponding to regression equation (1) is   

 
      (i  =  1, ..., N)        (2) ii10i ûXˆˆY +β+β=
 

where  is the OLS estimator of the intercept coefficient 0β̂ 0β ,  is the OLS estimator of the 
slope coefficient β ,  is the OLS residual for the i-th sample observation, and N is sample 
size (the number of observations in the sample).   

$β1

1 $ui

 
(20 marks)     
(a) Give a general definition of the F-distribution. Starting from this definition, derive the F-

statistic for the OLS slope coefficient estimator 1β̂ . State all assumptions required for the 
derivation.   

 
(5 marks)     
(b) The significance level of a statistical test of a null hypothesis H0 against an alternative 

hypothesis H1 is defined as:  
 

(1)  the probability of rejecting H0 when H0 is false;  
(2)  the probability of not rejecting H0 when H0 is false; 
(3)  the probability of rejecting H0 when H0 is true; 
(4)  the probability of not rejecting H0 when H0 is true.  
 

(5 marks)     
(c) The power of a statistical test of a null hypothesis H0 against an alternative hypothesis H1 is 

defined as:  
 

(1)  the probability of rejecting H0 when H0 is false;  
(2)  the probability of not rejecting H0 when H0 is false; 
(3)  the probability of rejecting H0 when H0 is true; 
(4)  the probability of not rejecting H0 when H0 is true.  
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(30 marks)    
2. Consider the multiple linear regression model for which the population regression equation can 

be written in conventional notation as:   
 
   ii22i110i uXXY +β+β+β=            (1) 
 

where ,  and  are observable variables; Yi i1X X i2 0β , β1  and β 2  are unknown (constant) 
regression coefficients; and ui is an unobservable random error term. The Ordinary Least 
Squares (OLS) sample regression equation corresponding to regression equation (1) is   

 
      (i  =  1, ..., N)     (2) ii22i110i ûXˆXˆˆY +β+β+β=
 

where  is the OLS estimator of the intercept coefficient 0β̂ 0β ,  is the OLS estimator of the 

slope coefficient β ,  is the OLS estimator of the slope coefficient 

$β1

1
$β 2 β 2 ,  is the OLS 

residual for the i-th sample observation, and N is sample size (the number of observations in 
the estimation sample).   

$ui

 
(20 marks)     
(a) State the Ordinary Least Squares (OLS) estimation criterion. Derive the OLS normal 

equations for regression equation (1) from the OLS estimation criterion.   
 

(10 marks)     
(b) Write an interpretive formula for )ˆ(Var 2β , the variance of the OLS slope coefficient 

estimator $β 2  in sample regression equation (2). Define all terms in the formula you give. 
Which of the following factors makes )ˆ(Var 2β  larger?   

 
(1) a larger estimation sample; 

(2) more linear dependence between the sample values i1X  and i2X ; 

(3) less sample variation of the i2X  values; 

(4) a larger error variance; 

(5) more sample variation of the i2X  values; 

(6) less linear dependence between the sample values i1X  and i2X ; 

(7) a smaller estimation sample;  

(8) a smaller error variance.  
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PART B   (170 marks) 
 
Instructions:  Answer all parts of questions 3 and 4 in this part. Question 3 is worth a total of 100 
marks. Question 4 is worth a total of 70 marks. Marks for each part are given in parentheses. Show 
explicitly all formulas and calculations.     
 
(100 marks)    
3. You are investigating the relationship between the birth weights of newborn babies and four of 

their determinants: mother’s average daily cigarette consumption during pregnancy; the number 
of prenatal visits made by the mother to a physician or medical facility during pregnancy; the 
mother’s age; and the mother’s race. You have sample data for 1656 babies born during a given 
year on the following variables:   

 
ibwght  =  birth weight of the baby born to the i-th mother, measured in hundreds of grams;  

icigs   =  average number of cigarettes per day smoked by the i-th mother during  
       pregnancy, measured in cigarettes per day;   

inpvis    =  number of prenatal visits to a doctor or medical facility made by the i-th mother  
       during pregnancy;   

iage     =  age of the i-th mother, measured in years;  

iwhite    =  an indicator variable defined such that = 1 if the i-th mother is white,  iwhite
       and = 0 if the i-th mother is non-white.   iwhite
 
Using the given sample data on 1656 newborn babies, your trusty research assistant has 
estimated regression equation (1) and obtained the following estimation results (with estimated 
standard errors given in parentheses below the coefficient estimates): 
 

iii7i6
2
i5i4

2
i3i2i10i uagewhitewhiteageagenpvisnpviscigsbwght +β+β+β+β+β+β+β+β=   

                            … (1) 

=β0
ˆ  16.076   − 0.1010    0.2971   − 0.006045  =β1

ˆ =β2
ˆ =β3

ˆ

  (4.618)     (0.03338)     (0.1061)       (0.003429) 

=β4
ˆ  0.8083   − 0.01010   6.8850    − 0.2039  =β5

ˆ =β6
ˆ =β7

ˆ

     (0.2825)      (0.004534)     (2.587)       (0.08734) 

=ββ )ˆ,ˆ(vôC 54  − 0.0012263   0.20304    − 0.0071391 =ββ )ˆ,ˆ(vôC 64 =ββ )ˆ,ˆ(vôC 74

=ββ )ˆ,ˆ(vôC 65  − 0.0001694    8.666e-06    − 0.22269 =ββ )ˆ,ˆ(vôC 75 =ββ )ˆ,ˆ(vôC 76

=RSS  53099.886    =TSS 54516.777    N = 1656 
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3. (continued) 

RSS  is the Residual Sum-of-Squares and  is the Total Sum-of-Squares for sample 
regression equation (1). Sample size N = 1656.  is the estimated covariance 

between coefficient estimates j  and . Estimated standard errors are given in parentheses 

below the coefficient estimates j  (j = 0, 1, …, 7).  

TSS
)ˆ,ˆ(vôC hj ββ

β̂

β̂
hβ̂

 
(10 marks) 
(a) Use the estimation results for regression equation (1) to test the joint significance of the 

slope coefficient estimates jβ̂  (j = 1, …, 7) in regression equation (1). Perform the test at the 
1 percent significance level (i.e., for significance level α = 0.01). State the null and 
alternative hypotheses, show how you calculate the required test statistic, and state its null 
distribution. State the decision rule you use, and the inference you would draw from the test 
at the 1 percent significance level.   

 
(5 marks)    
(b) Interpret the slope coefficient estimate 1β̂  in sample regression equation (1). That is, 

explain in words what the numerical value of the slope coefficient estimate 1β̂  means.  
 
(15 marks) 
(c) Use the estimation results for regression equation (1) to compute the two-sided 95 percent 

confidence interval for the slope coefficient 1β . Use the computed confidence interval for  

1β  to perform a test of the proposition that mothers’ cigarette consumption during 
pregnancy ( icigs ) has no effect on the birth weight of their babies. Perform the test at the 5 
percent significance level (i.e., for significance level α = 0.05). State the null hypothesis H0 
and the alternative hypothesis H1. State the decision rule you use, and the inference you 
would draw from the test at the 5 percent significance level.   

 
(10 marks) 
(d) Compute a test of the proposition that the number of prenatal visits by the mother to a 

doctor or medical facility has no effect on the birth weight of newborn babies. Perform the 
test at the 5 percent significance level (i.e., for significance level α = 0.05). State the 
coefficient restrictions on regression equation (1) implied by this proposition; that is, state 
the null hypothesis H0 and the alternative hypothesis H1. Write the restricted regression 
equation implied by the null hypothesis H0. OLS estimation of this restricted regression 
equation yields a Residual Sum-of-Squares value of RSS = 53542.009. Use this 
information, together with the results from OLS estimation of equation (1), to calculate the 
required test statistic, and state its null distribution. State the decision rule you use, and the 
inference you would draw from the test at the 5 percent significance level.   
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3. (continued) 

(10 marks) 
(e) Use the estimation results for regression equation (1) to test the proposition that the 

marginal effect of mother’s age ( iage ) on the birth weight of newborn babies is negatively 
related to iage . Perform the test at the 5 percent significance level (i.e., for significance 
level α = 0.05). State the null hypothesis H0 and the alternative hypothesis H1 implied by 
this proposition. Show how you calculate the required test statistic, and state its null 
distribution. State the decision rule you use, and the inference you would draw from the test 
at the 5 percent significance level.   

 
(10 marks) 
(f) Compute a test of the proposition that the marginal effect of mother’s age ( iage ) on birth 

weight is zero for babies born to non-white mothers. State the coefficient restrictions on 
regression equation (1) implied by this proposition; that is, state the null hypothesis H0 and 
the alternative hypothesis H1. Write the restricted regression equation implied by the null 
hypothesis H0. OLS estimation of this restricted regression equation yields an R-squared 
value of R2 = 0.0193. Use this information, together with the results from OLS estimation 
of equation (1), to calculate the required test statistic, and state its null distribution. State 
the decision rule you use, and the inference you would draw from the test at the 1 percent 
significance level (i.e., for significance level α = 0.01).  

 
(10 marks) 
(g) Compute a test of the proposition that the marginal effect of mother’s age ( iage ) on birth 

weight is zero for babies born to white mothers. State the coefficient restrictions on 
regression equation (1) implied by this proposition; that is, state the null hypothesis H0 and 
the alternative hypothesis H1. Write the restricted regression equation implied by the null 
hypothesis H0. OLS estimation of this restricted regression equation yields a Residual Sum-
of-Squares value of RSS = 53260.992. Use this information, together with the results from 
OLS estimation of equation (1), to calculate the required test statistic, and state its null 
distribution. State the decision rule you use, and the inference you would draw from the test 
at the 1 percent significance level (i.e., for significance level α = 0.01).  

 
(10 marks) 
(h) Use the estimation results for regression equation (1) to test the proposition that the 

marginal effect of mother’s age ( iage ) on birth weight is zero for non-white mothers who 
are 30 years of age. State the null hypothesis H0 and the alternative hypothesis H1 implied 
by this proposition. Show how you calculate the required test statistic, and state its null 
distribution. State the decision rule you use, and the inference you would draw from the test 
at the 1 percent significance level (i.e., for significance level α = 0.01).  
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3. (continued) 

(10 marks) 
(i) Compute a test of the proposition that the mean birth weight of babies born to white 

mothers equals the mean birth weight of babies born to non-white mothers. State the 
coefficient restrictions on regression equation (1) implied by this proposition; that is, state 
the null hypothesis H0 and the alternative hypothesis H1. Write the restricted regression 
equation implied by the null hypothesis H0. OLS estimation of this restricted regression 
equation yields a Residual Sum-of-Squares value of RSS = 53420.710. Use this 
information, together with the results from OLS estimation of equation (1), to calculate the 
required test statistic, and state its null distribution. State the decision rule you use, and the 
inference you would draw from the test. Choose an appropriate significance level for the 
test.  

 
(10 marks) 
(j) Use the estimation results for regression equation (1) to test the proposition that, for any 

given values of icigs  and inpvis , the mean birth weight of babies born to 25-year-old white 
mothers is greater than the mean birth weight of babies born to 25-year-old non-white 
mothers. Perform the test at the 1 percent significance level (i.e., for significance level α = 
0.01). State the null hypothesis H0 and the alternative hypothesis H1 implied by this 
proposition. Show how you calculate the required test statistic, and state its null 
distribution. State the decision rule you use, and the inference you would draw from the test 
at the 1 percent significance level (i.e., for significance level α = 0.01).    
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(70 marks) 

4. You are conducting an econometric investigation into the selling prices of houses in a single 
urban area in the years 1993 and 2003. You have available for this purpose a random sample of 
houses that were sold in the years 1993 and 2003. The sample data consist of observations for 
these houses on the following variables:  

 
iPRICE   =  the selling price of the i-th house, in thousands of dollars; 

iHSIZE   =  the living area of the i-th house, in hundreds of square feet; 

iLOT        =  lot size of the i-th house, in hundreds of square feet; 

iAGE       =  the age of the i-th house at the time it was sold, in years; 

iVIEW   =  an indicator variable defined such that  = 1 if the i-th house has a view,  iVIEW
       and  = 0 if the i-th house does not have a view; iVIEW

i03D    =  an indicator variable defined such that  = 1 if the i-th house was sold in 
2003,  

i03D

       and  = 0 if the i-th house was sold in 1993.   i03D
 

The regression model you are asked to estimate is given by the population regression equation  
 

i6ii5i4i3
2
i2i10i VIEWAGEHSIZEAGELOTHSIZEHSIZEPRICE β+β+β+β+β+β+β=  

ii10
2
ii9ii8i7 LOT03DHSIZE03DHSIZE03D03D β+β+β+β+   

iii13iii12ii11 uVIEW03DAGEHSIZE03DAGE03D +β+β+β+         … (1) 
 
where the  (j = 0, 1, 2, …, 13) are regression coefficients and  is a random error term.    jβ iu
 
State the null hypothesis H0 and alternative hypothesis H1 of the statistical test that you would 
perform on regression equation (1) to assess the evidence for each of the following empirical 
propositions. In addition, for each hypothesis test, state which of the following tests you would 
use: (1) a two-tail t-test; (2) a left-tail t-test; (3) a right-tail t-test; or (4) an F-test.   

 
(7 marks)    
(a) The marginal effect of house size on price was zero in 1993.  

 
(7 marks)    
(b) The relationship of house size to price exhibited increasing marginal returns in 2003.  
 
(7 marks)    
(c) The marginal effect of house age on price was the same in 2003 as it was in 1993.  
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4. (continued) 

(7 marks)    
(d) Holding constant house size, lot size and view status, house prices in 2003 were unrelated 

to house age.  
 
(7 marks)    
(e) House size and house age were substitutable for one another in determining house prices in 

2003.  
 
(7 marks)    
(f) The marginal effect of house size on price was constant in 2003.  

 
(7 marks)    
(g) The marginal effect of lot size on price was zero in both 1993 and 2003.  

 
(7 marks)    
(h) The mean price of houses with a view was equal to the mean price of houses without a 

view in both 1993 and 2003.  
 
(7 marks)    
(i) The mean price of houses in 1993 was equal to the mean price of similar houses in 2003.  

 
(7 marks)    
(j) For houses with 2500 square feet of living area and lots of 6000 square feet that were 10 

years old and had a view, mean price in 2003 was greater than mean price in 1993.  
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Selected Formulas   
 
For the Simple (Two-Variable) Linear Regression Model   
 
      ii10i uXY +β+β= ( , ,i N)= 1 K  
 

 Deviations from sample means are defined as:   
 

  y Y Y X Xi i i i≡ − ≡ −; ;        x   
 

where  

  Y Y N Y
Ni i
i i= =Σ

Σ  is the sample mean of the Yi values;   

  X X N
X

Ni i
i i= =Σ

Σ
 is the sample mean of the Xi values.     

 
 Formulas for the variance of the OLS intercept coefficient estimator 0β̂  and the covariance of 

the OLS coefficient estimators  0β̂  and $β1  in the two-variable linear regression model: 
 

  ( )
( ) 2

ii

2
ii

2

2
ii

2
ii

2

0 xN
X

XXN
XˆVar

Σ
Σσ

=
−Σ

Σσ
=β ; 

 

  ( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

Σ
σ

−=ββ 2
ii

2

10 x
Xˆ,ˆCov . 

 
 Formulas for the variance of the conditional predictor 01 :    00 XˆˆŶ β+β=

 
• When $Y0  is used as a mean predictor of ( ) 01000 XXYE β+β= ,   

 

  ( ) ( )
Var Y

N
X X

x
m

i i

$
0

2 0
2

2
1

= +
−⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

σ
Σ

.   

 
• When $Y0  is used as an individual predictor of i01000 uXXY +β+β= ,   

 

  ( ) ( )
Var Y

N
X X

xi i

$
0

2 2 0
2

2
1

= + +
−⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

σ σ
Σ

.   
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Selected Formulas (continued)   
 
For the Multiple (Three-Variable) Linear Regression Model   
 
   ii22i110i uXXY +β+β+β=   ( , ,i N)= 1 K  
 

 Deviations from sample means are defined as:   
 

;XXx        ;XXx        ;YYy 2i2i21i1i1ii −≡−≡−≡   
 

where  

  Y Y N Y
Ni i
i i= =Σ

Σ  is the sample mean of the Yi values;   

   
N
XNXX i1i

i1ii1
Σ

=Σ= is the sample mean of the X1i values;   

  X X N X
Ni i i
i i

2 2
2= =Σ

Σ  is the sample mean of the X2i values.    

 
 The OLS slope coefficient estimators 1β̂  and $β2  and in deviation-from-means form are: 

 
( )( ) ( )( )

( )( ) ( )2i2i1i
2

i2i
2
i1i

ii2ii2i1iii1i
2

i2i
1 xxxx

yxxxyxxˆ
Σ−ΣΣ

ΣΣ−ΣΣ
=β ;  

 
( )( ) ( )( )

( )( ) ( )2i2i1i
2

i2i
2
i1i

ii1ii2i1iii2i
2
i1i

2 xxxx
yxxxyxxˆ

Σ−ΣΣ
ΣΣ−ΣΣ

=β . 

  
 Formulas for the variances and covariances of the slope coefficient estimators 1β̂  and $β2 : 

 

( ) ( )( ) ( )2i2i1i
2

i2i
2
i1i

2
i2i

2

1 xxxx
xˆVar
Σ−ΣΣ

Σσ
=β ; 

 

( ) ( )( ) ( )2i2i1i
2

i2i
2
i1i

2
i1i

2

2 xxxx
xˆVar
Σ−ΣΣ

Σσ
=β ; 

   

  ( ) ( )( ) ( )2i2i1i
2

i2i
2
i1i

i2i1i
2

21 xxxx
xxˆ,ˆCov
Σ−ΣΣ

Σσ
=ββ . 
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Percentage Points of the t-Distribution 
 

 
Source:  Damodar N. Gujarati, Basic Econometrics, Third Edition. New York: McGraw-Hill, 1995, 
p. 809.  
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Selected Upper Percentage Points of the F-Distribution 
   

 
Source:  Damodar N. Gujarati, Basic Econometrics, Third Edition. New York: McGraw-Hill, 1995, 

p. 814.  
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