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Multiple Choice Questions. Notes:
(1) Please choose only one of the answer choices (a)-(e).
(2) Write down your answers on the scantron answer sheet.
(3) Bach question is worth 5 points.

1. The number of red chips and white chips in an urn is not known, but it is known that
the proportion, p, of reds is either 1/5, 1/3, 1/2, or 3/4. A sample of size 5, drawn
with replacement, yields the sequence red, white, red, white, white. The MLE for p
is:

a. 1/5;
b. 2/5;

1/3;

d. 1/2

e. 3/4.

o

2. Let {X;}}%, be an IID sequence of random variables drawn from a normal distri-
bution N(u,0?). Define X := %ELI X;. Suppose that Z is the standard normal
distribution (Z ~ N(0,1)). What is the probability that Xio € [X — 20, X + 20]7

a. Pr(Xyp € [X —20,X +20]) = Pr(Z € [-V3,V3));

b. Pr(Xi € [X — 20,X +20]) = Pr(Z € [:3-35@, béﬁ]),
Pr(X € [X — 20, X +20)) = Pr(Z € [-2,2]);

d. Pr(Xiy € [X ~20,X + 20]) = Pr(Z € [-1.96,1.96});

e. None of the above choices (a)-(d).

o

3. Suppose we want to examine a policy effect on manufacturing output growth in
1960s. There is a policy that affected some cities starting 1965 in the US. Assume
that the city-year level manufacturing output growth, Yy, follows the model below:

Yie=M++86Dy + e

where J; is the city fixed effect; 1 is the year fixed effect, t € {1960, 1961, ..., 1969, 1970},
1 , ift=>1965 & if city i is hit by the policy.

Dy = ! f ity 34 Y RE PRS- 6 ~ N(0,02).
c , otherwise.

Which of the following is true?

a. The expectation on the output growth of a city j that is not affected by the
policy in year 7 > 1965 is A; + ¥ +6;

b. & captures the average difference in the absolute value of output growth in the
entire sample period between cities affected by the policy and cities not affected
by the policy;
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¢. Some cities may intrinsically enjoy different output growth This difference will
be reflected by x;

d. Beforc 1965, cities with and without the policy should have the same expecta-
tion on the output growth: X; + yx;

¢. None of the above choices (a)-(d).

4. A random variable X i 1s normally dlstrlbuted X ~ N{(p,0?). A sample of 31ze n=9

is drawn and yields: z X; =90, and Z(X — X)? =72, where X = Z Xi. We
=1
would like to test the followmg hy’pothesm Hy:p=4and Hy: p#4. We are given

that #5,0.99 = 2.896, ts,0.975 = 2.306, t30.95 = 1.860, and 3990 = 1.397, where tde is
the t-statistic with degree of freedom 4 and cumulative probability of . Which of
the following is true?

. We cannot reject the null at 90% confidence level;

a.
b. We can reject the null at 90% confidence level but not at 95% confidence level;

o

We can reject the null at 95% confidence level but not at 97.5% conﬁdence level;
d. We can reject the null at 97.5% confidence level but not at 99% confidence level;
a. We can reject the null at 99% confidence level.

5. Consider a normal distribution of the form N(u, 6). You want to test the hypothesis
that Hg : pp = 3 against the alternative Hy : it > 3. A random sample X3, X5, ..., X,
was obtained.

Suppose you would like to test the above one-sided hypothesis using a 5% level of
significance. How would you test it?
X-3

a. Set up a Z test where z = T and reject the null if z > 1.96;

b. Set up a Z test where z = }:(/Eg and reject the nulil if z > 1.645;

¢. Set gp a Z test where z = \‘;ﬁ and reject the null if 2 > 1.96;

=

_ X_ . . .
d. Sct up a Z test where z = Vo and reject the null if z > 1.645;

e. None of the above choices (a)-(d).

6. Follow the previous question, denote ®(.) as the CDF of normal distribution. Provide
the power of this fest at 6; where 61 > 3.

H1=3 1.
a 1- 01645+ S,
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_ 301y,
b. 1 (1645 + L2,

- 13 y.

¢ 1 @(1.96+m),
f1-35.
d. 9(1.96 + &=2);

1-8

7. Bob is testing the following empirical model using a sample of 1,500 observations:
Yi=a+ X+ B2Xoi+ B3Xz: + BaXyi + .
He found that the F-statistic of the joint test for the entire model is 300. He
now considers expressing the model’s strength using (unadjusted) R-square. Please
calculate the R-square value for him.

a. 0.376;
b. 0.445;
¢. 0.501;
d. 0.668;

e. None of the above choices (a)-(d).

8. In the two-variable model:
Y = /1 X1+ BoXoi + €, i=123,..,11
Suppose that X]X) =2, X7 X =2, X1 X, =1, XiY =1, X3Y = 1,and Y'Y = 4/3,
where X1, Xz, and Y are the column vectors with typical elements Xi;, X, and
Y; respectively. Furthermore, X{, X3, and Y’ are the transpose of X3, X2, and ¥
respectively. Assume ¢; ~ IID N(0,0%).
You are considering of testing the following hypotheses: £; = 0. Please calculate

totin: S1=0
the test statistic: SEG

Note: To calculate the standard errors, please estimate the variance-covariance ma-
trix of B as s2(X’X)~! where 52 is the residual sum of squares divided by the degrec
. of freedom and X = [X1 Xg].

a. 1.0;
b. 1.5;
c. 2.0;
d. 2.5;
e. 3.0.

9. Consider 4 events, A4, B,C,D. Pr(A) = Pr(B) = Pr(C) = Pr(D) =04. Pr(Cn

D) = Pri{CNA)=Pr(BND)=0. Pr(An B) = 0.1. Which of the following is
possible?
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a. Pr(BNC)=0.2;
b. A and D are independent;
c. Pr{{(BNCYU (AN D)) =0.45;
d. Pr(D U A°) = 0.55:
e. None of the above choices (a)-(d).

10. X and e arc independent random variables. X ~ N(ux,0%) and € ~ N{g,,02). a
and b are real numbers. Y is given by: Y = a+ bX + e. Which of the follow is the
correlation coefficient p between variable X and Y?

b .

Vb2t+eZ o2’

b, b .
V% +a?’

C. S E——
V(b2 +{c% /o?)’

b .
d Va2 /o%)’

e. None of the above choices (a)-(d).

a.

11. Let X be a N(0,1)-distributed random veriable, and Y be a x?(n)-distributed ran-
dom variable for some positive integer n. Suppose that X and ¥ are independent.
Please caleulate £(X2Y) and E(X4Y?).

a. E(X?Y)=n and B(X*Y?) = 2n + Tn?
b. B(X2Y) =n and E(XY?) = 4n -+ 5n?
¢. BE(X%Y) =n and E(X?*Y?) = 6n + 3n?
d. E{X?Y) =n and E(X*Y?) = 8n +n?
e. None of the above choices (a)-(d).

12. Let {(¥;, X])}7; be asequence of ITD random vectors, where X; := (X Xig, ..., Xig)'
Suppose that we have a multiple linear regression:

k
Y= BiXij+e,
3=1
for i = 1,2,...,n. Denote e := (e1,€3,...,€:). Assume that ¢|(X1,...,X,) ~
N(0,0%I,), where I, is the n.xn identity matrix. Let F(-|X:, B, o) be the conditional
density function of ¥;|{X; implied by this regression, with 8 := (81, s, . .. , Bk}, and
Barrr, and 62, 1. be the maximum likelihood estimators for 8 and o2, respectively, that
are defined by maximizing the objective function:

=3 In F(%IX 8,0%).

i=1

#RR




AR
# 8

ﬁﬁ .

R

337 LS S INEL S B TP E 8 ]

S 2 (1)
7

#

.. e 337
8 Ax# 5 7

Which of the followings is right?

a. E(BML) = f and E(&?\JL) =02

b. E(Bus) = B and E(3%;,) = 250
E(Brr) = B and E(8%;1) = 2fEo?
d. E(Bup) = B and E(8%,) = 73507

c. None of the above choices (a)-{d).

o

13. Let'Y and X be two random variables with finite variances. Suppose that we have

14,

15.

a misspecified regression:
Y=08+HX+e,

with E[e[X] = h{X) for some h{-) s 0. Let g(X) be a prediction of Y generated
from X, and E[(Y — g(X))?] be the mean squared error (MSE) of this prediction.
We also let m{X) be the optimal choice of g(X) which minimizes the MSE. Which
of the following is right?

a. m(X) = fo+ Br X + h(X)}
b, m(X) = 1 X
c. m(X) = h{X)

d. m(X) =fo+HX
e. None of the above choices (a)-(d).

Let {X;}, be an IID scquence of normal random variables with 4 = E(X;) and
o? = var(X;). Denote X :=n"! 3.0, X;, & = X; — X and e; := X; — . Which of
the following is right?

n—=1/250 2, —1j2gwm
n~1/ Yiiéi—n / iy e degenerates to zero, as n — o0

TP

n(X — u)? degenerates to zero, as n — 00

c V2SR 82—l /23T | e? degenerates to zero, as n— 00

[V o]

. (R e2) nM2(X — p) degenerates to zero, as n ~ 0o

e. None of the above choices (a)-(d).

Let X be a random variable that has the probability density function:

() 2\
f($aﬁ)—-\/ﬁ-"r?—(_g_)(1+;-) ,

where z € R and & > 0 is the parameter. In addition, we define 2; := f—n In f(X, &)
and Zz := Z} + & In f(X, k). Which of the following is right?
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a. B(Z,) = k7 and E(Z;) = &I (=81)

b. E(Z1) = wI" (%£1) and E(Z,) = &f1n2T" (=) /1 (=)
c. B(Z} = wal’ (55t ) and E(Zz) = g2r2r” (=41)

d. E(Z)) =0 and E(Z) =

e. None of the above choices (a)-(d).

16. Let I, be the n x n identity matrix, and X be a n x 2 matrix with n > 2:

Iiy Z12
T21 T2

X = . .
Tnl Tpz2

17.

in which the z;;’s are independent and N(0, 1)-distributed random variables. Note
that X’ is the transpose of X. Suppose that X’X is positive definite. Denote
Y = X(X'X)X', Z:=I,-Y, My = Eltrace(Y'Z)] and My := Eltrace(ZZ)].
Please calculate My and Ma.

a. My =0and My = (n—2)

b. Mi =0and My = (n —2)?

¢. My =0and M; = (n—4)

d. My =0and M = (n —4)2

e. None of the above choices (a)-(d).
Let {X;}i, be an IID sequence of N(0, 1} random variables, and {Z;}, be another

IID sequence of N(0,1) random variables. In addition, {Xi}2, is independent of
{Z:}%.;, and we define ¥; := 3X2 + 473, Consider a simple hnca.r regression:

Y, =500+ 81 Xi + e,

where fp and B are regression coefficients, and e; is a zero-mean error. Let ﬁg and

'ﬁl be the ordinary least squares estimators for 3, and B, respectively. Suppose that

b’g and ﬁ1 are, respectively, consistent for 85 and 87, as n —» 0. Please calculate B3
and 7.

a. By =6and 8} =3
b. 5 =5and gf =2

c. Bi=4and =1
d By=3and ff=0
e. None of the above choices (a)-(d).
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18. Let {{Y:, X1i, X2)}i=; be an IID scquence of trivariate normal random variables.
The mean vector and the covariance matrix of (¥3, X1, Xo;) are unknown. Consider
the following linear regression:

Y: = Bo + F1Xu + B2 Xoi + €,

where ¢; is a zero-mean error. Let P be the p-value of the ¢ statistic for the following
hypotheses:

Hyp : f2=0;

Hy : B2 >0.

Please calculate the third and fourth moments of P under Hp.

a. E(P%) =0.25 and E(P*) =0.20
b. E(P%) = 0.45 and E(P*) = 0.30
c. B(P?) =0.15 and E(P*) =0.10
d. E(P?) =0.35 and E(P*) =0.15
¢. None of the above choices (a)-(d).

19. Let {X;}7, be an IID sequence of random variables with the zero mean and the
variance o2 < co. Define X :=n"1 5.0, X;. Let My(-) be the moment generating
function of the statistic n*/2X /o, and M(-) be the moment generating function of
the random variable X;. We also let ¢t be an arbitrary rcal number. Which of the
following is right?

a. nMu(t) = a_z_]:/ﬁM(E'\t/'_i)n_l
b. My(t) = -Ez——i/ﬁ-M(%ﬁ)“_z

Malt) = 722 M (G5

d. Ma(t) = M(GLZ)"

e. None of the above choices (a}-(d).

o

90. Let {¥;}7; and {X;}", be two sequence of IID normal random variables. Consider

a simple linear regression:
Y;=BX:+e,

where e; is a zero-mean error. Let ﬁ be the ordinary least squares estimator for 3.
Denote the fitted value Y; := X, the residual &; := ¥; —Y; and the sample averages:
Vi=n130,Y: and Vi=n"13 7, Y. We also define

R2 = ?=1(Yi - }E’)Z
:.:lzl(Y;: - Y)2 '

RE&
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and let 3 be the sample correlation coefficient of {(¥;, ¥;)}%.,. Which of the following
is right.

-1 T A N
a nl Y & =0;

b. 0 RE< L

c. n7rY X8 =0

d. R? = p?

e. All of the above choices (a)-(d).

e liget o)




