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(Total 100 Points.) There are 6 Problems in this exam. Show intermediate steps and

formulas for partial credit. You must explain how you compute your results or answers for
full credit.

1. (10 points) There is a 50-50 chance that the king carries the gene of thalassemia. If he is a carrier, then
each princess has a 50-50 chance of having thalassemia independently. If the king is not a carrier, the
princess will not have the disease. Suppose the king has had three princesses without the disease. What is
the probability the king is a carrier?

'

2. (20 points) Random variable X has the following probability density function, where ¢ > 0 is the scale

parameter of the distribution:
n

2
x =
2 02

fgo)=157°
0, otherwise.

Al

(a) Find the cumulative distribution function of f{x). (5 points)
(b) Find the mean of random variable X. (5 points)

(¢) Find the median of random variable X. (5 points)

(d) Find the variance of random variable X. (5 points)

]

3. (20 points) Let X be any nonnegative random variable, ¢ > 0 and k> 1.

a) Prove that P(X 2c)£ﬁ. 10 points
O /

~

(b) Following from part (a), prove that P(| X — u, |2 ko)< # (10 points)

4. (20 points) Observations Y1, ..., ¥, are described by the relationship (i.e., model) ¥; = @ +¢,, where

X1, . . ., %y are fixed constants and &,,..., ¢, areiid N(0, ¢°). Please
(a) Find the least square estimator of #. (5 points)
(b) Find the maximum likelihood estimator of 6. (5 points)
(¢) Find the best unbiased estimator of 6. (10 points)

5. (20 points) Four experts rated four brands of Java coffee in in a taste-testing experiment. A rating on a 7-
point scale (1 = extremely unpleasing, 7 = extremely pleasing) is given for each of four characteristics:
taste, aroma, richness, and acidity. The following data displays the summated rating — accumulated over
all four characteristics.

Brand

Expert A B C D
27 21 26 22

10 11 13 8
24 23 23 18
25 21 22 20
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Consider this as a randomized block experiment. Please

(a) Construct the ANOVA table (9 points)

(b) Determine whether there is evidence of a difference in the summated ratings of the four brands of
Java coffee (Please clearly state the null, the alternative hypothesis, and the test statistic, and use
a = 0.05). (3 points)

(¢) Determine whether there is evidence of a difference in the summated ratings rated by the four
different experts. (Please clearly state the null, the alternative hypothesis, and the test statistic, and
use a = 0.05) (3 points)

(d) Why randomized block design is better than completely randomized design here? (5 points)

~

6. (10 points) Several universities have been developing electronic guidance systems for cars. University A
and University B are two universities in the forefront of such research. Out of 200 trials of the University
A model, 124 were successful; and out of 200 tests of the University B model, 116 were successful. Is
there evidence to conclude that the University A electronic guidance system is superior to that of the
University B? (Please clearly state the null, the alternative hypothesis, and the test statistic, and use
a = 0.05)
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