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KING FAHD UNIVERSITY OF PETROLEUM & MINERALS
DEPARTMENT OF MATHEMATICS

STAT 502: Statistical Inference
Term 232, Midterm Exam
Saturday March 16, 2024, 9:30 PM

Time allowed 150 minutes

Name: ID #:
Question No | Full Marks Marks Obtained
1 12
2 05
3 06
4 06
5 06
Total 35

Instructions:

o Mobiles are not allowed in the exam. If you have your mobile with you, turn it off and
put it on the table/floor so that it is visible to the instructor.

o Show all the calculation/derivation steps. There are points for the steps so if you miss

them, you lose points. For multiple choice type questions, showing calculation steps is
not required.
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Ql: (1 x 12 =12 pts.) Multiple choice questions.

i. Suppose Y;,Ys, ..., Y, is a random sample from a uniform distribution on the interval [0, «],
where a is an unknown parameter. If max(Y;,Y,, ..., Y;,) is the maximum likelihood estimator for «,
which one of the following statements is true?

(A) max(Yy,Y,, ..., Y,) is inconsistent with a.
(B) max(Yq,Y,,...,Y,) is asymptotically normal.
(00  max(Yy,Yy,...,Y,) is consistent with a?.

(D) max(Y, Y5, ...,Y,) is biased for a.

(E) max(Yq,Y,,...,Y,) is unbiased for i

(F) max(Yq,Y,,...,Y,) is consistent with In a.

ii. Let Y1, Y, ..., Y, be a random sample from the probability density function f(y; @) where a is
the unknown parameter. Which one of the following is not a correct formula for Fisher’s information?

9 2
(A) E [@ In f(y; a)]
B) —E[Znf(ya)]
© E[Znfy;a)

E[%ln L(y;oc)]2
n

- —E[%l: L)

() Var|[Inf(y;a)

(D)
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iii. Which one of the following distributions does not belong to exponential family?

_ 1 (v_g)?
1 e 2ﬁz(y a) f

(A) Normal distribution with known B i.e. f(y; a) = oL or—oo <y <
(B)  Geometric distributioni.e. f(y;a) = a(1 —a)? 1 fory = 1,2, ...

2 _»?
(C) Maxwell distribution i.e. f(y; @) = \/%%e 2a3 fory > 0

v
(D) Rayleigh distribution i.e. f(y; a) = %e 2a% fory > 0

—-B—-1
(E) Negative binomial distribution with known g i.e. f(y; @) = (y ,Bllj 1 )a"(l —a)Y
fory=,+1,0+2,..
(F) All these distributions belong to exponential family.
iv. In the context of statistical inference, what does it mean for an estimator to be sufficient?

(A) The estimator provides estimates that are always unbiased.
(B) The estimator has the smallest possible variance among all unbiased estimators.
(C) The estimator is based on a statistic that is independent of the sample.
(D) The estimator is consistent for any value of the parameter being estimated.

(E)

(F)
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The estimator retains all the information in the sample relevant to the parameter being
estimated.
The estimator provides estimates with the smallest possible mean squared error.
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V. Which of the following statements about sufficiency is false?
(A) A sufficient statistic contains all the information in the sample relevant to the parameter
being estimated.
(B) A sufficient statistic reduces the dimensionality of the data.
(C) A sufficient statistic guarantees unbiased estimation of the parameter.
(D) Every parameter in the parameter space may not have a corresponding sufficient
statistic.
(E) The concept of sufficiency is closely related to the idea of data compression.
(F) There can be more than one sufficient statistic for one parameter.
vi. Consider two unbiased estimators for the same parameter. Which of the following statements
is true?
(A) The estimator with the larger variance is preferred.
(B) The sum of the two estimators is also unbiased.
(C) The ratio of the two estimators is necessarily biased.
(D) The product of the two estimators is necessarily biased.

(E)
(F)
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The difference of the two estimators is necessarily unbiased.
None of above
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vii. Which of the following statements about the conditional expectation obtained using Rao-
Blackwell theorem is false?

(A) The conditional expectation is always a consistent estimator.

(B) The conditional expectation always has a smaller variance than the original estimator.

(C) The conditional expectation never has a larger mean square error in comparison to the
original estimator.

(D) The conditional expectation depends on the choice of the sufficient statistic.

(E) The conditional expectation is always a function of the original estimator.

(F) The conditional expectation can reduce the variability of the estimator without creating

any bias.
viii.  What is a potential limitation of method of moments estimation?
(A) It is computationally intensive for large datasets.
(B) It may not provide consistent estimates for certain parameters.
(C) It relies heavily on the choice of the moment generating function.
(D) It requires the assumption of a specific distributional form.
(E) It is not suitable for estimating parameters of discrete distributions.
(F) It requires the likelihood function to be known.

Term 232 Exam 1



STAT 502 Statistical Inference Page 7 of 16
iX. Which of the following statements about the weak law of large numbers is true?
(A) It guarantees that the sample mean will converge to the population mean with
probability one as the sample size increases.
(B) It guarantees that the sample mean will always equal the population mean for any finite
sample size.
(C) It ensures that the sample mean will converge to the population mean almost surely.
(D) It implies that the sample mean will be asymptotically unbiased for the population
mean.
(E) It applies to sequences of dependent random variables.
(F) It states that the sample mean will have a decreasing variance as the sample size
increases.
X. Which of the following statements accurately describes the implication of an estimator being
unbiased?
(A) The estimator guarantees the smallest possible standard error.
(B) The estimator ensures that no systematic error is present in estimation.
(C) The estimator provides estimates that are always closer to the true parameter value
than any biased estimator.
(D) The estimator guarantees that the distribution of estimates is symmetric around the
true parameter value.
(E) The estimator is guaranteed to be consistent in estimating the parameter of interest.
(F) The estimator is guaranteed to have a higher efficiency compared to biased estimators.
Term 232 Exam 1
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Xi. Which of the following statements regarding the mean square error (MSE) of an estimator is
true?
e of an estimator is always negative.
(A) The MSE of i is al i
(B) The MSE of an estimator is the square of its standard deviation.
(C) The MSE of an estimator is minimized when the estimator is biased.
(D) The MSE of an estimator is independent of the sample size.
e of an estimator is the sum of its bias squared and variance.
(E) The MSE of i is th f its bi d and vari
e of an estimator is always zero if the estimator is consistent.
(F) The MSE of i is al if th i i i
Xii. Suppose Y;,Ys,...,Y, is a random sample from a Normal distribution with f(y;a,B) =
1 v—a)?
B%e 2570~ for —oo < y < o0. Which one of the following statements is not true?
(A) Y = % is consistent with a.
(B) Y = % is unbiased for a.
V)2
(C) 20V 4o consistent with B2
—)2
(D) @ is biased for 82.
V2
(E) Z(Z‘Ty) is unbiased for 2.
(F) All above statements are true.
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Name: ID #:

Q2: (5 pts.) Let Y3, Y5, ..., Y, be a random sample from the following probability density function:

e_ly_al
for —oo < y < o0,
2

fia) =
where —oo < @ < o is the unknown parameter. Derive an estimator of a using the method of

maximum likelihood estimation (MLE).
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Q2 continues...
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Q3: (6 pts.) Let Y}, Y5, ..., Y, be a random sample from the probability density function given by

F(ZO() a—-1 a—-1
fona) ={T@pE? -7, 0<y<i
0, elsewhere

where a > 0 is the unknown parameter. Find the method-of-moments estimator of a.

folya_l(l —y)Pldx = %ig;) where T'(a) = fooo y4le Vdx
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Q3 continues...
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Q4: (6 pts.) Let Y}, Y5, ..., Y, be a random sample from the following probability density function:
fy; @) =e*Yfory > q,

where a > 0 is the unknown parameter. Check the consistency of min(Y3,Y,, ..., Y;,) with a.
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Q4 continues...
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Q5: (6 pts.) Let Y;,Y,,...,Y, be a random sample from the Normal distribution with following
probability density function:

1
1 —-a)?
. — 22 —
fOiap) = i=e for —o0 <y < o,
where a and 8 are unknown parameters such that —co < @ < oo and 0 < 8 < 0o, Derive an unbiased

estimator for the parameter (.

Term 232 Exam 1



STAT 502 Statistical Inference Page 16 of 16

Q5 continues...
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