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PROBLEMS 195


1. Take
√


Y .


2. Add and subtract 1.


3. Square the result [(
√


Y − 1)


2
, (


√


Y + 1)


2].


This formula is reasonably accurate for Y ≥ 5. See also Note 6.9 for a simple confidence interval
when Y = 0. The exact formula uses the relationship between the Poisson and χ


2 distributions
to give the confidence interval


[
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2
χ


2
α/2(2x),


1


2
χ


2
1−α/2(2x + 2)


]


where χ


2
α/2(2x) is the α/2 percentile of the χ


2 distribution with 2x degrees of freedom.


6.9 Rule of Threes


An upper 90% confidence bound for a Poisson random variable with observed values 0 is, to
a very good approximation, 3. This has led to the rule of threes, which states that if in n trials
zero events of interest are observed, a 95% confidence bound on the underlying rate is 3/n. For
a fuller discussion, see Hanley and Lippman-Hard [1983]. See also Problem 6.29.


PROBLEMS


6.1 In a randomized trial of surgical and medical treatment a clinic finds eight of nine
patients randomized to medicine. They complain that the randomization must not be
working; that is, π cannot be 1/2.


(a) Is their argument reasonable from their point of view?


*(b) With 15 clinics in the trial, what is the probability that all 15 clinics have fewer
than eight people randomized to each treatment, of the first nine people random-
ized? Assume independent binomial distributions with π = 1/2 at each site.


6.2 In a dietary study, 14 of 20 subjects lost weight. If weight is assumed to fluctuate by
chance, with probability 1/2 of losing weight, what is the exact two-sided p-value for
testing the null hypothesis π = 1/2?


6.3 Edwards and Fraccaro [1960] present Swedish data about the gender of a child and the
parity. These data are:


Order of Birth


Gender 1 2 3 4 5 6 7 Total


Males 2846 2554 2162 1667 1341 987 666 12,223
Females 2631 2361 1996 1676 1230 914 668 11,476


Total 5477 4915 4158 3343 2571 1901 1334 23,699


(a) Find the p-value for testing the hypothesis that a birth is equally likely to be of
either gender using the combined data and binomial assumptions.
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196 COUNTING DATA


(b) Construct a 90% confidence interval for the probability that a birth is a female
child.


(c) Repeat parts (a) and (b) using only the data for birth order 6.


6.4 Ounsted [1953] presents data about cases with convulsive disorders. Among the cases
there were 82 females and 118 males. At the 5% significance level, test the hypothesis
that a case is equally likely to be of either gender. The siblings of the cases were
121 females and 156 males. Test at the 10% significance level the hypothesis that the
siblings represent 53% or more male births.


6.5 Smith et al. [1976] report data on ovarian carcinoma (cancer of the ovaries). People
had different numbers of courses of chemotherapy. The five-year survival data for those
with 1–4 and 10 or more courses of chemotherapy are:


Five-Year Status


Courses Dead Alive


1–4 21 2
≥10 2 8


Using Fisher’s exact test, is there a statistically significant association (p ≤ 0.05) in
this table? (In this problem and the next, you will need to compute the hypergeometric
probabilities using the results of Problem 6.26.)


6.6 Borer et al. [1980] study 45 patients following an acute myocardial infarction (heart
attack). They measure the ejection fraction (EF), the percent of the blood pumped from
the left ventricle (the pumping chamber of the heart) during a heart beat. A low EF
indicates damaged or dead heart muscle (myocardium). During follow-up, four patients
died. Dividing EF into low (<35%) and high (≥35%) EF groups gave the following
table:


Vital Status


EF Dead Alive


<35% 4 9
≥35% 0 32


Is there reason to suspect, at a 0.05 significance level, that death is more likely in the
low EF group? Use a one-sided p-value for your answer, since biological plausibility
(and prior literature) indicates that low EF is a risk factor for mortality.


6.7 Using the data of Problem 6.4, test the hypothesis that the proportions of male births
among those with convulsive disorders and among their siblings are the same.


6.8 Lawson and Jick [1976] compare drug prescription in the United States and Scotland.


(a) In patients with congestive heart failure, two or more drugs were prescribed in
257 of 437 U.S. patients. In Scotland, 39 of 179 patients had two or more drugs
prescribed. Test the null hypothesis of equal proportions giving the resulting p-
value. Construct a 95% confidence interval for the difference in proportions.
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