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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) Each question is worth 5 points.

1. Suppose that X is a random variable that has the characteristic function exp(— %/\2),
where A is a real number. Denote Zy := (1 + X)* and Z5 := sin(X) + H—Xxg Which
of the following is right?

&. E(Zl) = 8 and E(Zg) = -2
b. E(Z;) =10 and E{(Z2) =0
E(Z,) =12 and E(Z3) =2
d. E(Zi}) =14 and E(Z;) =4

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

o

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

 exp(—a/d)
1@:9) = T expla/o)

where z € R and ¢ > 0 is the parameter. In addition, we define Z; := ad?ln f(X,¢)
and Z, := Z% + di:g In f(X, ). Which of the following is right?

2

8. E(Z)) =¢r and E(Zy) = %‘3—
b. E(Z]_) = () and E(Zg) =0

. E(Z)) =g and E(Zy) = 3’%3
. E(Zy) = ¥¢r and B(Zp) = T

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

2o

3. Let {Z;}7, be an IID sequence of N(0, 1)-distributed random variables. Consider
the following two processes:
Xi=Xi1+ 2

with Xp := Zp, and
Yi=2Z;1+ 2.

Define ¥ :=n~! "7, ¥;. Please calculate var(X,) and var(Y).
a. var(Xn)} = n and var(¥) =
b. var(Xn) =n+1 and var(Y) = éf’.‘;;ﬁ.

¢. var(Xp) =n+1 and vor(Y) = 22
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d. var(X,) = n and var(¥Y) = é’;—i’-%
e. None of the above choices {a)-(d).
4. Let {X;}7, be an IID scquence of N(0, 1) random variables, and {Z;}7, be another

IID sequence of N(0,1) random variables. In addition, {X;}*, is independent of
{Z:}2.,, and we define Y; := 2X$ + 3Z¢. Consider a simple linear regression:

Yi=fo+ BiXi +e,

where By and S, are regression coefficients, and ¢; is a zero-mean error. Let 3 and
51 be the ordinary least squares estimators for 8y and 3;, respectively. Suppose that
fo and By are, respectively, consistent for 83 and g%, as n — co. Please calculate 33
and B7.

a. fg=9and Bf =6

b. Bf=Tand ff =4
. By=5and f{ =3
.fg=1land B} =1

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

[ =TI +

5. Let {¥;}7, be an IID sequence of Student’s £(2)-distributed random variables. De-
note p:=E(Y), Y =013 %, 62 =01y (Y, - Y)? and

7, = YO¥ —32),
2

Note that “%” means that “convergence in distribution.” Which of the following is
right?

a. Zn S N(0,4) and 22 5 x2(4), ss n — 0

b. Z, -5 N(0,3) and 22 % x2(3), as n — oo

c. Zn 4 N(0,2} and Z2 h: x%(2), a5 n — 00

d. Zn 3 N(0,1) and 22 5 x2(1), as n = 00

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

6. Let {X;}, be an IID sequence of random variables with the zero mean and the
variance 0% < oo. Define X :=n"1Y"7, X;. Let C,() be the characteristic function
of the statistic n}/2X /e, and C(-) be the characteristic function of the random
varisble X;. We also let )\ be an arbitrary real number. Which of the following is
right?
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a. Cp(N) = C‘(;’;ﬁ)“

b. Ca(X) = =C(2R)"

c. Ca(A) = 2= C(F2R)"
d. nCn(A) = ZromCz ="

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

7. Let ¥; be a random variable with two possible outcomes: 0 and 1, and X; be a

N(0, 1)-distributed random variable. Suppose that {(¥:, X;)}io; is an 11D sequence,
and P(Y; = 1]X;) = p(X;) > 0. Consider a simple linear regression:

Y = BX; +e;,

where e; is a zero-mean error. Let fi’ be the ordinary least squares estimator for
B, and define &; := Y; — BX; and &% :=n"1 S iet éf. Suppose that 8 and &2 are,
respectively, consistent for 8* and o*2, as n — co. Please calculate 8* and o*2.

a. B* = E(p*(X;)) and 0”2 = E(p(X;)(1 — p(X:)))

b. f* = E(Xip(X:)) and 0** = E(p(X:)(1 —p(X:)

c. f* = E(Xip(X)) and 0*2 = £ + E(p(X:))

d. B* = E(p*(X;)) and ¢*2 = §*? 4 E(p(X;)(1 — p(X3)))

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

. Let {(¥i, X1i, X0:)}=, be an IID scquence of trivariate normal random variables.

The mean vector and the covariance matrix of (¥;, X1;, Xo;) are unknown. Consider
the following linear regression:

Y: = fo + B X1 + B2 Xoi e,

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

Hy @ fa=0;
Hy : f2>0.
Please calculate the second moment and the variance of P under Hp.
a. E(P?) =1/5 and var(P) = 1/16
b. E(P%) =1/4 and var(P) = 1/14
¢. E(P?) =1/3 and var(P) = 1/12
d. E(P?) =1/2 and var(P) = 1/10
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e. None of the above choices (a)-(d).

9. Let {X;}l~; be an IID sequence of random variables with p = E(X;) and ¢? =
var(X;}, and denote X = n~13"", X;. Suppose that we have the following in-
equality: _

var(X)

P(X -l 2 8) < —=,

for an arbitrary constant § > 0. Which of the following is right as n — co? '

a. var(X) = n"—i, and we may use this inequality to show the normality of X
b. var(X) = ";2, and we may use this inequality to show the efficiency of X
c. var (X) = %, and we may use this inequality to show the normality of X
d. var(X) = %, and we may use this inequality to show the consistency of X
e. None of the above choices (a)-(d).

10. Let {Zi}?=1 be an IID sequence of logistic random variables with g = E(Z;) and
02 = var(Z;). Denote Z :=n~! St Zi, 0 = Z; — Z and v; := Z; — p. Which of
the following is right?

a. n~/230 B — n=1/2 . v; degenerates to zero, as n — oo
b. n Y23 92 ~ Y237 | 42 degenerates to zero, as n ~» 0o
c. (n713°%, v?) n'/2(Z — 1) degenerates to zero, as n -3 co

d. n{Z — u)? degenerates to zero, as n — oo

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

11. Suppose that A and B are two events. P(A) is the probability of the happening of
event A. If P(A|B) < P(A), which of the following is right.

a. P(A) < P(B);
b. P(B) < P(A);

P(A) < P(ANBY;

d. P(A|B) < P(AN B);

e. P(B|A) < P(B).

o

12. 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 4,
drawn with replacement, yields the sequence red, white, white, white. The MLE for
p is:

a. 1/5;
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b.
c.
d.

e.

1/4;
1/3;
1/2;
3/4.

13. Let {X;}L, be ar IID scquence of random variables drawn from a normal distri-
bution N ([.L, o2). Define X := 3 21—1 X;. Suppose that Z is the standard normal
distribution {(Z ~ N(0,1)). What is the probability that X, € [X — 20, X + 20]?

o

d.

e.

a. Pr(Xy € (X —20,X +20]) = Pr(Z € [-V2,V2));
b.

Pr(X, € [X — 20, X 4 20]) = Pr(Z € [-V3,V3]);
Pr(Xy€[X —20,X +20]) = Pr(Z € [-2,2]);
Pr(X; € [X — 20, X + 20]) = Pr(Z € [-1.96,1.96]);

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

14. A random variable X i 1s normally distrlbuted X ~ N{ut,0%). A sample of sme n=4
is drawn and yields: E X; = 40, and E(X X)? = 48, where X = % E X;. We

15.

i=1

would like to test the followmg hypothesxé Hy:p=>5and Hy : u# 5. We are given
that £30.09 = 4.541, t30.97s = 3.182, 3,005 = 2.353, and 30,90 = 1.638, where £, is
the t-statistic with degree of freedom d and cumulative probability of «. Which of
the following is true?

e

d.

e.

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

We can reject the null at 90% confidence level but not at 95% confidence level;
We can reject the null at 95% confidence level but not at 97.5% confidence level,
We can reject the mull at 97.5% confidence level but not at 99% confidence level;
We can reject the null at 99% confidence level.

Consider a normal distribution of the form N(i, 4). You want to test the hypothesis
that Hp : 4 = 5 against the alternative H; : g > 5. A random sample X1, X»,..., Xp
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

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

b.

Set up a Z test where z = % and reject the null if z > 1.645;
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c. Set up & Z test where z = % and reject the null if 2 > 1.96;

d. Set up a Z test where z = X5 and reject the null if =2 > 1.645;

Viin

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

16. Korosensei is a junior high school teacher. A few of his students performed weakly
during the midterm exam, and Korosensei decided to provide additional but manda-
fory tutor sessions to those who scored below 60 in the midterm. After the final
exam, Korosensei collects the scores and calculate d; as the score difference between
the final exam and the midterm exam for each student 7. Let’s express % as the
average d; among students who scored between z and y in the midterm exam. Let’s
also make an assumption that students have similar intrinsic ability (not statistically
different) if their midterm exam score difference is less or equal to 10 points. Before
conducting any hypothesis testing, among the following statistics, which one would
be more informative about the effect of Korosensei’s additional tutor session?

a. dp:100;

b. dp:60);

c. digo:100) — 2io:60)3

d. d-'[95:100] - d[55:60)§
e. digo.65] — dis5:60)°
17. Bob is testing the following empirical model using a sample of 1,000 observations:
Yi=a+ X+ BoXoi+ B3 X3 + 6
He found that the F-statistic of the joint test for the entire model is 500. He

now considers expressing the model’s strength using (unadjusted) R-square. Please
calculate the R-square value for him.

a. 0.334;
b. 0.501;
c. 0.601;
d. 0.668;

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

18. In the two-variable model:
Y; = 1 X1+ faXa + €, =123 ..,11
Suppose that X{X; =2, X0Xa =2, X1 Xo =1, X{Y =1, XjY =1,and Y'Y =4/3,
where X1, Xa, and Y are the column vectors with typical elements Xi;, Xo;, and
Y; respectively. Furthermore, X{, X3, and Y” are the transpose of X, X3, and Y
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19.

20.

respectively. Assume ¢ ~ IID N(0,02).

Now suppose you would like to make out-of-sample predictions about the dependent
variable for one hypothetical observation (Y}, X15, Xa;) for some j > 11. We can
observe that X);; = 5 and Xp; = —2. Please estimate the expected value and
variance of ¥; using the formula: ﬁ = Elej -+ 1§2ij.

Note: please estimate the variance-covariance matrix of § as s2(X’X)~! where 52 is
the residual sum of squares divided by the degree of freedom and X = [X 3 Xg].

. B(Y;) =2, Var(¥;) =3.42;
. B(¥;) =1, Var(¥;) =2.00
. B(Y;) =2, Var(¥;) =2.54;
. B(Y;) =1, Var(¥;) =1.92;
. None of the above choices (a)-(d).

o R o oo

Suppose that a data generating process is as the following:

Yi= o+ bX; t+ ¢

However, we have some measurement error in X;. The collectable Xi = X; +u;. We
know that €; ~ N(0,02) and u; ~ N(0,02). u; is also uncorrelated to X;, ¥;, and ;.
If we run the regression of ¥ on X; along with an intercept, what is the relationship
between the estimated ﬁ and the true 7

a. plim(B) = b;

b. plim(B) = ﬁ%ﬁb;

c. plim(B) = tilab;

d. plz’m(ﬁ) = ?ffairb;

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

Consider the following linear model:

Yi=a+ 56X+ 5Z;+u, E(X:,2Z)=0u~ N(0, G‘ﬁ)

Assume that you want to conduct an alternative regression model where the depen-
dent variable is the difference between ¥; and Z;:

(Y — %) = a* + Bt X: + B3 % + ul.

What is the relationship between the QLS estimate fi;‘: and 517

a. E(BY) = pi;

b. E(BY) < Bi;

c. E(Ef) > Br;

d. E(B)) <1A;

e. E(B}) could be larger or smaller than f;.
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