M 267 Bl AR 112 S5 57A 8% 2R
#8 : #it2E W : 267
ik 2 - ‘ £ 3 AP 1R

2EAREAFZT - AL BN BLHREATG 2 EFFRY |

R HARMEREM (50 %)
ZE (1) B—REMA MR ERAA -
(2) HBRFHE > BRAFRRE - PRIAFE A RVBEL  EHF2 LB E T84 Yes ~ No
¥ FREg  BRBLZTH /NS > oIERNAT -

[INote: You should carefully state the reasons or calculations in the following questions in order to get the points. A
short answer, such as “Yes” or “No” will NOT receive any point.

1. (40 points) A researcher is interested in the relationship between maternal smoking and infant health
(measured by birth weight). To study this question, he coilected a sample of 189 birth records that contain
information on the birth weight of infants as well as health status and demographic characteristics of mothers.
The table below presents the definitions and sample means of the selected variables for the full sample, the
smoking mother subsample, and the non-smoking mother subsample, respectively. Using this table to answer
the following questions.

Full Smoking Non-smoking

Variable Definition
sample mothers  mothers

bwt birth weight (g) 2944 2772 3055
smoke =1 if smoking during pregnancy, 0 otherwise 0.392 1 0
age Age of mother - 23.238 22.946 23.426
white =1 if white race, 0 other 0.508 0.703 0.383
black =] if black race, 0 other : 0.138 0.135° 0.139
other =1 if other race, 0 other 0.354 0.162 0.478
ht =1 if having history of hypertension, 0 otherwise ~ 0.063  0.068 0.061
ftv Number of prenatal visits 0.794 0.757 0.817
Observations 189 74 115

A. To begin with, the researcher specifies a simple linear regression model:
- bwt;= fo+ B smoke; + ;.
Write down the estimated regression equation. (6 points)

B. Interpret the estimated coefiicients of 5o and 1. (6 points)

C. Atthe 5% significance level, what is your conclusion regarding the relationship between maternal smoking
and birth weight? The standard error of the coefficient estimate of 8 is 107 and the critical value of the
test statistic at the 5% significance level is 1.96. Be sure to write down each step of the hypothesis testing
procedure. (8 points)

D. (i) Calculate the 95% confidence interval for the estimated coefficient of smoke and (ii) interpret it. (6
points) _

E. The researcher next extends the simple linear regression model to a multiple linear regression model;

bwt; = Bo + B smoke; + B, age; + B3 white; + B4 black; + B3 ht; + B4 ftv; + ..
What is the point of including additional explanatory variables in the model? (2 points)
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F. Isitalways good to include more and more explanatory variables in the model? Explain. (4 points)
- G. Why does the researcher only include two variables of race (white and black) in the model, even though
there are three race variables in the table (white, black, and other)? (4 points)
- H. Suppose the researcher additionally suspects that the effect of maternal smoking depends on the age of
mother. What model specification can you use to test such a rclationg,hif)? Write down the regression model.

(4 points) _ _ //
. ¢ [

2. (10 points) Suppose in a county 50%, 30%, and 20% of residents live in urban, suburban, and rural areas,

respectively. Additionally, 60% of urban residents have a bachelor’s degree, 50% of suburban residents have a

bachelor’s degree, and 40% of rural residents have a bachelor’s degree. _

A.  What is the probability that a randomly selected resident has a bachelor’s degree? (5 points)

B. For a randomly selected resident who has a bachelor’s degree, what is the probability that the resident
lives in an urban area? (5 points)
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Part I1 : 32

A. Let the bivariate normal random variables X and Y have the linear conditional means:

E(Y|x) = 1—x and E(X|y) =5—y/9, as well as the unconditional variance of X, V(X) = 4.
Then, E[X] +E[Y]= _ (@) _; V[¥]= _(2) ;the correlation coefficient between X and

Yis _(3) .
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B. The length of life is a random variable Y with a density function given by: f(y|a,m) =

m-1g-y"/a L, X e
oy c , 0Ly <o, a>0,m>0 and 0, elsewhere is said to have a Weibull distribution.

a

Its distribution function F(yla,m) = __(4) _ . When m = 1, the moment generating function

(MGF)of Y is _(5) _; E[Y?la,m=1]= _(6) ;E[Y[Y=cam=1]= _(T)_ .

IC. The duration X of long-distance telephone calls (in minutes) monitored by a station is a random
variable with the properties that P[X = 3] =1/3 and P[X = 6] = 1/6; otherwise, X hasa
chi-squared distribution with 4 degrees of freedom. E[X] = (8) ; E[X?]= _ (9 ;

ViX]= _d0) .
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