Prof. David Draper
Departmert of

Applied Mathematics and Statistics
University of California, Sarta Cruz

AMS 7: Homew ork 5
Due date: Thu 15 Mar 2007in class[100 total points]

1. (biology, environmental sciences)[60 total points] Sokal and Rohlf (1995) report un-
published results by Solal on the relationship between genetic badkground (as a ected by
pesticides)and fecundity in Drosophilamelanayastert. n; = 25 femaleswere chosenrepre-
serativ ely from ead of | = 3 linesof Drosophila| two linesthat werebred to be resistart
(RS) and susceptible(SS)to DDT 2, and a non-selectedNS) cortrol strain | and per diem
fecundity (the mean rymber of eggslaid per femaleper day for the rst 14 days of life) was
measuredfor all n = ;_; n; = 75females,with the following results:

Figure 1 presens descriptive summariesof the data in the 3 groupsin JMR and Figure 2
presens an inferertial summary of a 1{way analysisof variance (ANOVA) basedon these
data.

1From Wikipedia : \ Drosophilamelanagaster (from the Greekfor black-bellied dew-lover) is a two-winged
insect that belongsto the Diptera, the order of the ies. The speciesis commonly known as the fruit vy,
and is one of the most commonly used model organismsin biology, including studiesin genetics,physiology
and life-history ewolution."

2From Wikipedia : \DDT, or Dichloro-Diphenyl-Trichloroethane, is the rst modern pesticide and is
arguably the bestknown organic pesticide. It wasdewelopedearly in World War |1, and wasinitially usedwith
great e ect to combat mosquitoesspreadingmalaria, typhus, and other insect-borne human diseasesamong
both military and civilian populations, and as an agricultural insecticide. ... In 1962, American biologist
Rachel Carson published the book Silent Spring, which allegedthat DDT causedcancer and harmed bird
reproduction by thinning eggshells. This followed the principles of biological magni cation, killing higher
level organisms like the birds. The book resulted in a large public outcry which evertually led to the
insecticide being bannedfor agricultural usein the USA, and was one of the signature everts in the birth of
the environmental movemert. DDT was subsequetly banned for agricultural useworldwide, but its usein
diseasevector cortrol cortinuesto this day in someparts of the world."
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Figure 1. Normal quantile plots, outlier boxplots, histograms, and numerical descriptive
summariesof per diem fecundity for the 3 lines of Drosophila: RS (left), SS(middle), and

NS (right).

(a) Make a table with three columns(Line, Mean, SD) and three rows (RS, SS,NS) and
Il in the meansand SDsfor ead of the 3 geneticlines.

(i) Do the meanlevelsof fecundity acrossthe 3 linesdi er by anamourt which seems
large to you in practical (biological, environmental) terms? Explain briey. [5

points]

(i) With referenceto your table and Figure 1, do the standard assumptionsof the
1{way ANOVA (the distributions in all of the groupsare approximately normal
and the SDsin the groupsare roughly equal) seemreasonablewith this data set?
Explain briey. [5 points]

(b) Identify numerically all occurrencef the following quartities in Figure 2: the degrees
of freedom between groups DFg, the degreesof freedom within groups DFy,, the
total degreesof freedomD F+, the sum of squaresbetween groups SSg, the sum of
squareswithin groups SSy , the total sum of squaresSSy, the mean squarebetween
groupsM Sg, the meansquarewithin groupsM Sy, the F statistic for testing the null

hypothesisthat all of the population meansare equal ( ; =

2= 3=

), the P

value corresmnding to this F statistic, the pooled varianceestimate *?, the root mean
squarederror and its relationship to ~2, and the grand mean . [20 points]



Figure 2: Some of the raw data values (at left), and initial ANOVA results from the
DrosophilaDDT study.

(c) Do the meanlevels of fecundity acrossthe 3 lines di er by an amourt that's largein
statistical terms? Explain briey. [5 points]

(d) Giventhat the placeunderthe t curve with (n 1) = 72 degreesof freedomthat has
1001 5 %= 1001 °—§5 % = 98:3% of the areain the middle is 2.170,copy the
table below onto your homework paper and use the Bonferroni multiple comparison
method to completethe table (the rst row hasbeen lled in for you; shav all of your
work): [15 points]

Endpoints of
95% Bonferroni-
4E of Adjusted ClI
Estimated Estimated For Dierence IsOin
Comparison| Dierence Dierence Left Right This Interval?
(NS RYS) 8.12 2.51 2.68 13.6 no
(NS SS)
(RS SS)

(e) From your resultsin (d), which geneticlines of Drosophiladi er from which other lines
by an amourt that's statistically signi cant? Explain briey, and briey summarize



Figure 3: Descriptive and inferential summariesof the tetracycline data: observe counts
(upper left), mosaic plot (lower left), and contingency table (right) with asseiated signi -
cance tests.

what all of this hasto say about the e ects of DDT on fecundity in Drosophila [10
points]

2. (medicine, health policy) [40 total points] Tetracycline drugs are broad-spectrum antibi-

otics usedto treat bacterial infectionsin humansand animals. They were rst deweloped in
the 1940s,and have beenusedsuccessfullysincethen, but by the early 1970sevidencehad
accunulated that they shouldn't be used by young children (becausethey may adversely
a ect the growth of teeth and bones). In January 1975the Committee on Drugs of the
American Academyof Pediatrics recommendedhat tetracycline drugs not be givento chil-

dren under the ageof 8. A two-year study conductedin Tennesseand published by Ray
et al. (1977)in the Journal of the American Medical Assciation investigatedthe extert to
which doctors had incorrectly prescribed these drugs between 1973 and 1975. A random
sampleof 770family-practice physiciansin Tennessee&vas categorizedaccordingto whether
their practice was urban, intermediate or rural, and the investigators courted how many
doctors in ead of thesecategoriesprescribed tetracyclinesto at least one patient under the
ageof 8. Figure 3 givesthe obsened courts, along with other descriptive and inferertial

summariesof the data.

(a) Let ftetracyclineg stand for writing one or more tetracycline prescriptionsto children
lessthan 8 yearsold, and let f urban, intermediate, ruralg stand for the urbanicity cat-
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(b)
(©)

(d)

egoryof a physician's practice. By extracting the appropriate numbersfrom Figure 3,
estimatethe following conditional probabilities in the population (of all family-practice
doctorsin Tennesse@ 1973{75): P (tetracyclinejurban); P (tetracyclinejintermediate),
and P (tetracyclinejrural). Do the di erences among these conditional probabilities
seemlargeto you in practical (medical and health policy) terms? Explain briey. [15

points]
Interpret the mosaicplot | what's it trying to say? Explain briey. [5 points]

Are the di erencesamongthe conditional probabilities in (a) largein statistical terms?
What numbersin Figure 3 are relevant to answering this question? Explain briey.
[10 points]

Is it safeto concludethat there was a problem of over-prescribing tetracycline to
children in the population of family-practice physiciansin Tennesseen 1973{757? If
so,what's the pattern you've found? Explain brie y. [10 points]



