fﬁ .

R 34 BIIZRTIARE 105 BBeE ErE T I R4 2R
% B BEBEHERT
ZHBE - Hiere st FHA ¢ 0228 + iR 2 2
FL1H H#3H

M EEFIR  ARETERAEH - FRERBRMES  RABREE LFEEE  RFits -

A. (20% with 10% each)
1. Suppose we have a sample of 100 men, of whom 30 have breast cancer and 70 do not. If the
prevalence of breast cancer = p, then what is the likelihood of the sample given p?
2. Suppose we have n independent observations xy, . . . , X from a normal distribution with
mean = y and variance = g2. What is the likelihood of the sample?

B. (25% with 10% for #1, #3 each and 5% for #2)

Suppose a disease is caused by a single major gene with two alleles (a) and (A) with

frequencies .95 and .05, respectively.

1. What is the probability that an individual will have genotype (aa), (aA), and (AA), if we assume

 that each allele is inherited independently? (That is, obtain the probabilities of P(aa), P(aA),
and P(AA).)

2. Suppose the A allele is the deleterious allele but that the gene is only partially penetrant,
meaning that the probability of de\}eloping the disease is .9 if one has two A alleles, .5 if one
has one A allele, and .1 if one has no A alleles (sporadic cases). What is the overall
probability of developing the disease in the population? (That is, obtain the probability of
P(Disease).)

3. Suppose an individual has the disease. What is the probability that he or she will have no,
one, or two A alleles? (That is, obtain the probabilities of P(aa | Disease), P(aA | Disease),
and P(AA | Disease).) '

C. (10% with 5% each)
Assume that E(X1) = E(X2) = 1.5, Var(X1) = Var(Xz2) = 0.25, and the correlation coefficient
between X1 and X2 is 0.5. Let D = X1 - Xz,
1. The expected value of D?
2. The variance of D?
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D. {15% with 5% each)

A recent study of incidence rates of blindness among insulin-dependent diabetics reported that

the annual incidence rate of blindness per year was 0.67% among 30- to 39-year-old male

insulin-dependent diabetics (iDDM) and 0.74% among 30- to 39-year-old female

insulin-dependent diabetics.

1. If a group of 200 IDDM 30- to 39-year-old men is followed, what is the probability that exactly
2 will go blind over a 1-year period?

2. Ifa group of 200 IDDM 30- to 39-year-old women is followed, what is the probability that at
least 2 will go blind over a 1-year period?

3. What is the probability that a 30-year-old IDDM male patient will go blind over the next 10
years?

E. (15% with 5% each)

Suppose the number of people seen for violent asthma attacks in the emergency ward of a

'hospital over a 1-day period is usually Poisson distributed with parameter A = 1.5,

1. What is the probability of observing 5 or more cases over a 2-day period?

2. On a particular 2-day period, the air-pollution levels increase dramatically and the distribution
of attacks over a 1-day period is now estimated to be Poisson distributed with parameter A =
3. What is the probability of observing 5 or more cases over a 2-day period?

3. If 10 days out of every year are high-pollution days, then what is the expected number of
asthma cases seen in the emergency ward over a 1-year period? (Assume there are 365
days in a year.)

F. (15%)

Let X be a discrete random variable. We define the k-th factorial moment of X as mk =
E[X(X-1)(X-2)...(X-k+1)] where k is a positive integer. Calculate mk assuming that X is a Poisson
distribution with parameter p.
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Poisson probabilities
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0.6065 03679 02231 01353 00821 0.0498 00302  0.0183  0.0tiL  0.0067
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1200000 0.0000 00000 00000 00000 00001  0.0002 00006 0.0016  0.0034
13 0.0000 00000 00000 00000 00000 00000 000601 00002 00006 0.0013
14 00000 00000 GO00CC 00000 00000 00000 0.0000  0.0001 0.0002  0.0005
15 0.0000 0.0000 00000 00000 00000 0.0000 0.0000 0.0000 00001 ~0.0002
16 0.0000 0.0000 0.0000 00000 (0000 00000 00000 00000 00000  0.0000
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00041 00025 00013  0.0009 0.0006 00003 0.0002  0.0001 0.0001 0.0000:
0.0225 00149 00098  0.0064  0.0041 0.0027 00017 00011 00007 0.0005
0.0618 0.0446  0.0318 00223 00156 00107 0.0074 00050 0.0034  0.0023
0.1133  0.0892  0.0683%  0.0521 0.0339 0.028 00208 00150 0.0107 0Q0DO76
0.1558  0.1339  0.4118 00912 00729 0.0573 00443 0.0337  0.025¢4  0.01%9
0.1714  0.1606 00454  0.1277 01094  0.0916 06752 00607 0.0483  0.0378
0.1571 0.1606  0.1575  0.1490  0.1367  0.1221 Lloee 00911 0.0764  0.0651
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0.0849  0.1033  0.[188 0.1304 0.1373  0.1396 0.1375 0.1318 0.1232  0O.1126
0.0519  0.0688 0.0858 0.1014 01144 01241  0.1299 01318  0.1300  0.1251
0.0285 00413 00558 00710 00858 00993 0.1104 01186  0.1235  0.1231
il 00t43 00225 00330 00432 00585 00722 00853 00970 0.1067 0.1137
12 00665 00113 00179  0.0263 0.0366  0.0481  0.0604 00728  0.084  0.0948
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20 00000  0.0000 0.0000 00000 00001 00002 0.0003 00006  (.0011 0.0019
21 00000 0.0000 00000 00000  0.00C0  0.0001 0.0001 0.0003  0.0005  0.000v
22 00000 00000 0.0000 00000 00000 0.0000 0.0001  0.0001 0.0002  0.0004
23 00000 00000 00000 00000  0.0000  0.0000 00000 00000  0.0001 0.0002
2400000 00000 00000 00000 00000  0.0000 00000  0.0000 0.0000 00001
35 00000 00000 00000 00000 00000 00000 00000  0.0000 0.0000  0.0000
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