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9.12 Problems 341 

44 A random variable X is said to follow a lognormal distribution if Y = log(X) follows 
a normal distribution. The lognormal is sometimes used as a model for heavy-tailed 
skewed distributions. 
a Calculate the density function of the lognormal distribution. 
b Examine whether the lognormal roughly fits the following data (Robson 1929), 

which are the dorsal lengths in millimeters of taxonomically distinct octopods. 

110 15 60 54 19 115 73 
190 57 43 44 18 37 43 
55 19 23 82 175 50 80 
65 63 36 16 10 17 52 
43 70 22 95 20 41 17 
15 12 11 29 29 61 22 
ao 17 26 30 16 116 28 
32 33 29 27 16 55 8 
11 49 82 85 20 67 27 
44 16 6 35 17 26 32 
76 150 21 5 6 51 75 
23 29 64 22 47 9 10 
28 18 84 52 130 50 45 
12 21 73 

45 a Generate samples of size 25, 50, and 100 from a normal distribution. Construct 
probability plots and hanging rootograms. Do this several times to get an idea of 
how probability plots behave when the underlying distribution is really normal. 

b Repeat part (a) for a chi-square distribution with 10 df. 
c Repeat part (a) for Y = Z/U, where Z — N(0, 1) and U — U[0, 1] and Z and U 

are independent. 
d Repeat part (a) for a uniform distribution. 
e Repeat part (a) for an exponential distribution. 
f Can you distinguish between the normal distribution of part (a) and the subse-

quent nonnormal distributions? 
46 Suppose that a sample is taken from a symmetric distribution whose tails decrease 

more slowly than those of the normal distribution. What would be the qualitative 
shape of a normal probability plot of this sample? 

47 The Cauchy distribution has the probability density function 
l 

f(x) = 
t 1  

' 1 - F x2  
x 
  

What would be the qualitative shape of a normal probability plot of a sample from 
this distribution? 

48 Show how probability plots for the exponential distribution, F(x) = 1 — e-1  . x  , may 
be constructed on semilog paper. Berkson (1966) recorded times between events 
and fit them to an exponential distribution. (The times between events in a Poisson 
process are exponentially distributed.) The following table comes from Berkson's 
paper. Make an exponential probability plot, and evaluate its "straightness?' 
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10.8 Problems 303 

40 Olson, Simpson, and Eden (1975) discuss the analysis of data obtained from a 
cloud seeding experiment. A cloud was deemed "seedable" if it satisfied certain 
criteria; for each seedable cloud a decision was made at random whether or not to 
actually seed. The nonseeded clouds are referred to as control clouds. The following 
table presents the rainfall from 26 seeded and 26 control clouds. Make Q-Q plots 
for rainfall versus rainfall and log rainfall versus log rainfall. What do these plots 
suggest about the effect, if any, of seeding? 

Seeded Clouds 

129.6 31.4 2745.6 489.1 430.0 302.8 119.0 4.1 
92.4 17.5 200.7 274.7 274.7 7.7 1656.0 978.0 

198.6 703.4 1697.8 334.1 118.3 255.0 115.3 242.5 
32.7 40.6 

Control Clouds 

26.1 26.3 87.0 95.0 372.4 0.01 17.3 24.4 
11.5 321.2 68.5 81.2 47.3 28.6 830.1 345.5 

1202.6 36.6 4.9 4.9 41.1 29.0 163.0 244.3 
147.8 21.7 

41 Construct a nonparametric confidence interval for a quantile xp  by using the same 
reasoning as in the derivation of a confidence interval for a median. 

42 In a study of the natural variability of rainfall, the rainfall of summer storms was 
measured by a network of rain gauges in southern Illinois for the years 1960-1964 
(Changnon and Huff, in LeCam and Neyman 1967). The following tables give the 
average amount of rainfall (in inches) from each storm, by year. 

1960 

.02 .001 .001 .12 .08 .42 1.72 .05 

.01 .01 .003 .001 .003 .27 .001 .06 

.05 2.13 .04 1.10 .02 .001 .14 .08 

.21 .07 .32 .24 .29 .001 .29 1.13 

.003 .01 .19 .002 .01 .04 .002 .07 

.45 .01 .18 .67 .003 .01 .04 .002 

1961 

.49 .02 .02 .34 .14 .37 .33 .33 

.35 .01 .50 .76 1.06 .002 .06 .16 

.27 .25 .29 .02 .05 .46 .07 .41 

.02 .08 .21 .01 .44 .02 .05 .11 
1.50 .003 .18 .01 .002 .24 .01 .75 

.01 .14 .13 .01 .01 .27 .45 1.78 
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11.6 Problems 431 

Schizophrenics Controls 

Plasma Urine Plasma Urine 

.72 86.20 1.02 190.14 
1.11 21.55 .86 149.76 
.96 182.07 .78 285.27 

1.23 88.28 1.38 244.93 
.76 76.58 .95 184.45 
.75 18.81 1.00 135.34 

1.26 50.02 .47 157.74 
.64 107.74 .60 125.65 
.67 .09 1.15 164.98 

1.05 113.23 .86 99.65 
1.28 34.38 .61 86.29 
.54 8.44 1.01 142.23 
.77 109.03 .77 144.60 

1.11 144.44 .77 265.40 
.51 172.09 .94 28.26 

g Use graphical methods and descriptive statistics to compare the two groups with 
respect to plasma concentrations and urinary excretion. 

h Use the t test to compare the two groups on the two variables. Does the normality 
assumption look reasonable? 

i Compare the two groups using the Mann-Whitney test. 
43 This and the next two problems are based on discussions and data in Le Cam and 

Neyman (1967), which is devoted to the analysis of weather modification experi-
ments. The examples illustrate some ways in which principles of experimental de-
sign have been used in this field. During the summers of 1957 through 1960, a series 
of randomized cloud-seeding experiments were carried out in the mountains of Ari-
zona. Of each pair of successive days, one day was randomly selected for seeding 
to be done. The seeding was done during a two-hour to four-hour period starting at 
midday, and rainfall during the afternoon was measured by a network of 29 gauges. 
The data for the four years are given in the table below (in inches). Observations in 
this table are listed in chronological order. 
a Analyze the data for each year and for the years pooled together to see if there 

appears to be any effect due to seeding. You should use graphical descriptive 
methods to get a qualitative impression of the results and hypothesis tests to 
assess the significance of the results. 

b Why should the day on which seeding is to be done be chosen at random rather 
than just alternating seeded and unseeded days? Why should the days be paired 
at all, rather than just deciding randomly which days to seed? 430 Chapter 11: Comparing Two Samples 

1957 1958 1959 1960 

Seeded Unseeded Seeded Unseeded Seeded Unseeded Seeded Unseeded 

0 .154 .152 .013 .015 0 0 .010 
.154 0  .0  0 0 0 0 0 
.003 .008 0 .445 0 .086 .042 .057 
.084 .033 .002 0 .021 .006 0 0 
.002 .035 .007 .079 0 .115 0 .093 
.157 .007 .013 .006 .004 .090 0 .183 
.010 .140 .161 .008 .010 0 .152 0 

0 .022 0 .001 0 0 0 0 
.002 0 .274 .001 .055 0 0 0 
.078 .074 .001 .025 .004 .076 0 0 
.101 .002 .122 .046 .053 .090 0 0 
.169 .318 .101 .007 0 0 0 0 
.139 .096 .012 .019 0 .078 .008 0 
.172 0 .002 0 .090 .121 .040 .060 

0 0 .066 0 .028 1.027 .003 .102 
0 .050 .040 .012 0 .104 .011 .041 

.032 .023 

.133 .172 

.083 .002 
0 0 

44 The National Weather Bureau's ACN cloud-seeding project was carried  out in the 
states of Oregon and Washington. Cloud seeding was accomplished by dispersing 
dry ice from an aircraft; only clouds that were deemed "ripe" for seeding were 
candidates for seeding. On each occasion, a decision was made at random whether 
to seed, the probability of seeding being This resulted in 22 seeded and 13 control 
cases. Three types of targets were considered, two of which are dealt with in this 
problem. Type I targets were large geographical areas downwind from the seeding; 
type II targets were sections of type I targets located so as to have, theoretically, 
the greatest sensitivity to cloud seeding. The following table gives the average target 
rainfalls (in inches) for the seeded and control cases, listed in chronological order. Is 
there evidence that seeding has an effect on either type of target? In what ways is the 
design of this experiment different from that of the one in Problem 43? 
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12.5 Problems 401 

27 The following table gives the survival times (in hours) for animals in an experiment 
whose design consisted of three poisons, four treatments, and four observations per 
cell. 
a Conduct a two-way analysis of variance to test the effects of the two main factors 

and their interaction. 
b Box and Cox (1964) analyzed the reciprocals of the data, pointing out that the 

reciprocal of a survival time can be interpreted as the rate of death. Conduct a 
two-way analysis of variance, and compare to the results of part (a). Comment 
on how well the standard two-way analysis of variance model fits and on the 
interaction in both analyses. 

Treatment 
Poison D A 

II 

III 

 

4.5 
 

7.1 

 

6.6 
 

6.2 

 

5.6 
 

10.0 

 

7.1 
 

3.8 

 

3.0 
 

3.6 

 

3.1 
 

3.3 

 

4.3 
 

4.5 

 

6.3 
 

7.6 

 

4.4 
 

3.5 

 

3.1 
 

4.0 

 

2.3 
 

2.5 

 

2.4 
 

2.2 

 

8.2 
 

11.0 

 

8.8 
 

7.2 

 

9.2 
 

6.1 

 

4.9 
 

12.4 

 

3.0 
 

3.7 

 

3.8 
 

2.9 

 

3.1 
 

4.5 

 

4.6 
 

4.3 

 

3.6 
 

2.9 

 

4.0 
 

2.3 

 

2.2 
 

2.1 

 

1.8 
 

2.3 

n The concentration of follicle stimulating hormone (FSH) can be measured through a 
bioassay. The basic idea is that when FSH is added to a certain culture, a proportional 
amount of estrogen is produced; hence, after calibration, the amount of FSH can be 
found by measuring estrogen production. However, determining FSH levels in serum 
samples is difficult because some factors)  in the serum inhibit estrogen production 
and thus screw up the bioassay. An experiment was done to see if it would be 
effective to pretreat the serum with polyethyleneglycol (PEG) which, it was hoped, 
precipitates some of the inhibitory substance(s). 

Three treatments were applied to prepared cultures: no serum, PEG-treated FSH 
free serum, and untreated FSH free serum. Each culture had one of eight doses of 
FSH: 4, 2, 1, .5, .25, .125, .06, or 0.0 mIU/tiL. For each serum-dose combination, 
there were three cultures, and after incubation for 3 days, each culture was assayed 
for estrogen by radioimmunoassay. The table that follows gives the results (units 
are nanograms of estrogen per milliliter). Analyze these data with a view to de-
termining to what degree PEG treatment is successful in removing the inhibitory 
substances from the serum. Write a brief report summarizing and documenting your 
conclusions. 


