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1. {16 pts.) All results of probability follow three axioms.

(6 pts.] What are three Axioms?
(4 pts.) Why three Axioms are important?
(6 pts.) Prove or disprove that if equally likely E5,...,E, partition the
sample space, then P(E;) = 1/nfori=1,...,n.
2. (8 pts.) True or False

(a) If Fy is the cdf of a distribution, the median of the distribution is Fx(0.5).

{b) When choosing from a set of possible point estimators, a reasonable ap-
proach is to choose the estimators with the largest mean squared error.

{c) If X and ¥ are independent random variable, then E(X)=E(Y).

{d) For all normal distributions, the median and the mode and the mean are
equal,

(e) For all samples taken from a normally distributed population, the mediuym
and the mode and the mean of the sample are equal.

(£) A sample mean X, = &% | X, /n follows normal distribution for any n if
A1y .., Xy are Lid. Normal random variables.

(g} To calculate a maximum-likelihood estimator, it is necessary to take a
natural logarithm, differentiate, set to zero, and solve,

(h) The standard error of a statistic is the variance of the statistic.
3. (6 pts) Short answer

(a) Consider a sequence of Bernoulli trials having probability of success p.
Let X denote the number of trials until the first success. What is the
name of the distribution of the random variable X7

(b) Name a distribution such the expected value is the same as the variance.

(c) What is the relation between the standard Normal and the Chi-squared
distribution?

(d) What is the relation between the continuous Uniform {0,1) and the ex-
ponential distribution?

(e) What is the relation between the Binomial distribution and the Standard
Normal distribution?

(f) What is the relation between the Poisson distribution and the Standard
Normal distribution?
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5. Unfortunately, with increased ovarian disease, up to 60% of the cases are detected

at advanced stages in which the mortality rate reaches 70% within two years and
90% within five vears in Taiwan. Thus, ovanan disease, especially ovanan cancer
(BAELER), has been increasingly affecting Taiwanese women’s health and early

detection of such disease is critical. “Post-menopausal ({Z§£)" status is defined

as more than one vear of amenorrhoea or age older than 50 vears in women who
had undergone hysterectomy. Women who did not meet these crileria are
classified as “‘pre-menopausal”. In particular, 80% of Taiwanese women are
premenopausal. Furthermore, the probability of a Taiwanese woman with
postmenopausal status having an ovarian cancer 1s 1/50, while the probability of a
Taiwanese woman with premenopausal status having an ovarian cancer is 3/400,
(Hint: As an TE/Stat analyst, sometimes you have to be able to perform your
functions even though vou know httle of domain knowledge. )

{a) (15 pts.} If the probability of an existing screening test, covered by ﬁati:mal
Health Insurance (NHI) Plan, to correctly diagnose a Tarwanese woman having
an ovarian cancer as positive is 0.70 (i.e., true positive} and the probability of
incorrectly diagnosing a Taiwanese woman who does not have an ovarian
cancer as positive is 0.10 (1.e., false positive). Then, under what assumptions,
can you derive the probability that a Taiwanese woman with postmenopausal
status diagnosed as having an ovarian cancer (1.e. diagnosed as Positive) is
actually not having it (1.e., posterior probability)? Please give the assumption (5
pts.) and then derive the posterior probability (10 pts.).

(b) (10 pts.} A bio-chip is developed by a company can be used by all women for
screening ovarian cancer with lab test results in which 211 subjects (among

them, 11 were true ovarian cancer patients) were monitored as the following
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table.
index ovarian cancer {n=11) notmal  {n=200)
1 Ya n a
T =1.00 9 81.82 106 5300
==1,25 5 72.73 75 37.50
>=1.50 8 72.73 51 2550
»=],75 g 72.73 31 15,50
»=7,00 & 54.55 18 9.0
==2.15 i 455 1 2.30
==2.50 i 54.55 10 5.00
»=275 4 036 ¥ 3.6
=3 ] 3 2327 3 1.50
==3 .50 1 G900 1 0.50

Can you derive specific decision rules if this bio chip is implemented in Taiwan?

Please give vour rules and also highlight remarks such as false positive_and

false negative rate. (hint: medical screening method is seldom perfect in terms

of discriminating capabibity)

{c} (10 pts.) Suppose the existing screening method and bio chip are about the same

cost. Then, which screening method will suggest the NHI to select for

Taiwanese women? Please give your reasons in Statistics.

6. A LED chip supplier claims that they can meet the supplier qualification of a

notecbook manufacturer and at least 99% of its LEDs meet the part spec. of

notebook, Suppose you are working for this notebook manufacturer and are

assigned to audit this potential supplier. In a sample of 1000 LEDs, 15 were found

to be defective (i.e. out of spec). Then,

(a) (10 pts.) Based on hypothesis test at the 0.5 significance level, does this

suppher qualified for your company? Please write the hypothesis and test it.

(b)}{(5 pts.) Alternatively, please use a 95% confidence interval estimate of the

proportion of the LEDs being defective to test whether this supplier qualified

for your company? Please write the hypothesis and test it.
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