STAT 13 Homework 2 Solutions
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1. The smoking status of the husband is not independent of that of the wife because
P(both the husband and wife smoke) # P(husband smokes) * P(wife smokes) as you can
P(ANB)

see that 0.08 # 0.3 * 0.2. This comes from the fact that P(A|B) = by definition,

and in order for the condition of independence P(A|B)=P(A) to be true, P(ANB) has to
equal P(A)*P(B).

2.
(a) P(all 20 will be cured) = 5C20*(0.90)***#(1-0.90)° = 0.122.

(b) P(all but 1 will be cured) = (19 out of 20 will be cured) = 5C16*(0.90)"**(1-0.90)** "=
0.270.

(c) & (d) P(exactly 18 will be cured) = P(exactly 20% will be cured) = 20C15%(0.90) %% (1-
0.90)*"* = 0.285.

3.
(a) P(none have high blood lead) = 16co*(é )0*(% )'100=0.118

(b) P(one has high blood lead) = 16cl*(%)l*(% )!11=0.270

(¢) P(two have high blood lead) = 1602*(%)2*(% )102=0.289

(d) P(three or more have high blood lead) = 1 — P(none or one or two have high blood
lead)=1-0.118 = 0.270 — 0.289 = 0.323

4.

After running a simulation, count the number of observations that have a value less than
20 and divide that by the total number of observations. Answers may vary.
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The figure above illustrates the results of 1,000 experiments (you need to do this with 10
and 100 trials first!) The data of interest is in the second column (containing the
outcomes of all 1,000 trials). The question is how many of these 1,000 outcomes are < 20
(ie.,0,00,1,2,...,19).

You can copy and paste this column into, say, SOCR Histogram Chart and obtain the
frequencies of all 38 possible outcomes (see chart below). Finally adding all the
frequencies for these outcomes (0, 00, 1, 2, ..., 19), and dividing the sum by 1,000 will
give you the estimate of the desired probability of P(Outcome <20). In this case,
P(Outcome <20) = 510/1,000 = 0.51!
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5.
(a) Since there are 2 ways of satisfying the condition, 2*#(0.3)'°*(0.7) = 0.000008

(b) There are 3 scenarios you have to consider (#A = #T = 0 for first term, 1 for second

5! ;
ey (03(03)(1-03-03)

(0.3)%(0.3)*(1-0.3-0.3) = 0.223

term, or 2 for last term): (1-0.3-0.3)° +

3!
21%21*1

(c) We first need to set up the right spinner parameters (number of segments, 4, and their
probabilities, 0.3, 0.3, 0.2, 0.2, respectively). Then run the experiment 100 times (of
course you can do 1,000 or more times, but this specific problem just asks for 100 trials.
More trials will produce more reliable estimates, indeed). Then you need to count the
number of outcomes that satisfy the conditions of parts (a) and (b) of this problem.
Remember these could be numbers between 0, 1, 2, ..., 100. Then the proportions of
these numbers over 100 will give you the empirical estimates of the probabilities of
interest. Does that make sense? So, if one of the events in *not* observed in the 100 trials
then the empirical probability = 0, if it’s observed only once, then the probability is 1/100
=0.01. And so forth.

For example, for part (b), you can use this Excel function to compute the number of trials
where the Number of A’s (1’s) is equal to the number of T’s (2°s). In the applet, the 3™
column (N) contains the results of the 100 trials. Copy and paste these data in an Excel
Column (say column “D”’) and use this function in cell ES and then drag this sell down to
E100. In the

E5 =ABS(COUNTIF(D1:D5, ""1") -COUNTIF(D1:D5, "'2'))

E100 =ABS(COUNTIF(D96:D100, ""1") -COUNTIF(D96:D100, '2'))
Finally in cell E101, we can count the number of cells in E5 — E100 that are equal to zero
(i.e., the number of 1’s and 2’s, in a list of 5 consecutive trials, are equal):

E101=COUNTIF(E5:E100,"0™)
In this example the answer is 33, out of the 100 experiments had the same number of 1’s
and 2’s (i.e., same number of A’s and T’s). Thus the empirical estimate of this probability
is 0.33. Contrast this with the theoretical probability which we computed above (0.223).
Note on empirically estimating the probability in part (a) using only 100 trials: You most
likely will not observe the event {A random drawing of 10 A's in a row in a sample of 11
randomly chosen nucleotides} in 100 trials, as its theoretical probability is small

(0.000008), so your estimate will be 1/100 = 0.0.

Answers may vary depending on your simulation.
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