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INTRODUCTION

This publication (Mimeo Series #1344) and its companion (Mimeo Series
#1343) contain the general written examinations which the Department of
Biostatistics has set for doctoral degrees: the take-home parts here and

the closed-book parts in #1343.

The first Department-wide doctoral-level written examinations were

given in September 1967, in connection with the new PhD program in Biostatistics.

(Prior to that time the Department had offered the PhD only in Public Health,
for which it had nét required any Department-wide examination.) The original
format was: (A) Basic Written Examination, with two Parts, (I) Theory and
(II) Analysis, each including 5 closed-book questions, of which candidates
were to complete 4 in 3 hours; and (B) Advanced Written Examination, again

with two Parts, (I) General and (II) Specialty Areas, each one week take-home,

where Part I had five questions and Part II ten, and candidates were to

complete 4 from each Part.

In the 1969-1970 academic year it was decided to drop the Advanced
Written Examination and expand the Basic Written Examination to three Parts:
(I) Theory, with 5 closed-book questions of which 4 were to be compléted in
3 hours; (II) Applications, with 5 take-home questions of which 4 were to
be completed in one week; and (III) Specialty Areas, with 6 closed-book
questions of which 3 were to be completed in 3 hours. The Basics were glven
twice in this format, in February/March and again in June of 1970.

On 3 March 1971, the Department voted to abolish Part III of the
Basic Written Examinations, and to let the Literature Review for the
Dissertation satisfy the Graduate School requirement for a Preliminary Written

Examination. This action produced a format for the Basics which has



continued essentially without change until the present time. In 1972 the
time allowed for Part I (closed-book) was expanded from 3 hours to 4. Also, .
the following instruction was added to the rubrics for both Parts:
Most questions should be answered in the equivalent
of less than 7 typewritten pages (300 words per page)
and under no circumstances will more than the first
15 typewritten pages or the equivalent be read by the
grader.
This rubric was dropped from Part I in 1974. It continues for Part II, and
indeed changed from 7 and 15 pages to 5 and 10 starting in 1978; but it has
never been strictly enforced. -
It may be noted that the Basics were originally intended for the PhD
only, but since 1979 candidates for the DrPH have also been required to
pass Part II (although not -Part I.) Note further that the Basics have
served not only as a screening examination for the PhD, but also as the
Master's Written Examination for the MS; hence each candidate was evaluated .-
using one of three grades: pass (at doctoral level), fail at doctoral level
but pass at master's level, or fail. This last practice continued until 1980, g
when it was decided to combine the MS examination with the MPH/MSPH
examination.
The Basic Examination i1s given annually; originally the regular_date
was in January or February, but starting in 1979 it is in August.~ Special
examinations have been given on several occasions when there were sufficient
students to warrant it; the current regulations require this only if there
are 5 or more students to retake a Part.
The Examinations Committee prepares and conducts all Department-wide
written examinations, and handles arrangements for their grading. A team of
two graders is appointed for each question. Where possible, all graders .

are members of the Department of Biostatistics and of the Graduate Faculty, ‘

and no individual serves on more than one team for the same examination



' (the two Parts of the Basic Examination counting separately in this context).
The members of each gra;ing team are to prepare for their question an
"official answer' covering at least the key points. They agree beforehand
on the maximum score possible for each component, the total for any question
being 25.

The papers are coded so that the graders are unaware of the candidates'
identities, and each candidate's answer is marked independently.by each of
the two graders. The score awarded reflects the effective proportion
corréctly answered of the question. The two graders then meet together
and attempt to clear up any major discrepancies between their scores.

Their joint report is to include comments on serious shortcomings in any
candidate's answer.

On the basis of a candidate's total score on a paper, the Examinations
Committee recommends to the faculty whether the candidate is to be passed,

failed, or passed conditionally. 1In the last case, the condition is

specified together with a time limit. All final decisions are by vote of

the faculty. The faculty has never specified in advance what the passing

score would be, out of the possible 200 total points per Part, but has set cut-
points varying from about 100 to 140, usually a little higher for Part II than
for Part I. Examination papers are not identified as to candidate until after
the verdicts of PASS and FAIL have been rendered.

Once the decisions have been made, advisors are free to tell their
students unofficially; the official notification, however, 1is by letter from
the Chairman of the Examination Committee. Actual scores are never released,
but the "official answers" are made public, and candidates who are not passed
unconditionally are permitted to see the graders' comments on their papers.
When performance was not of the standard required, candidates are reexamined

at a later date set by the Examinations Committee.



Candidates whose native language is not English are not to be allowed
extra time on Department-wide (not individual course) examinations. This .
condition may be waived for individual candidates at the discretion of the

Department Chairman upon petition by the candidate at least one week prior

to the examination. .

NOTE. Most of what follows reproduces the examinations exactly as they were
originally set; however, minor editorial changes and corrections have

been made, particularly in order to save space.
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ADVANCED DOCTORAL WRITTEN EXAMINATION IN BIOSTATISTICS

September 29, 1967. Answers duc October 6, 1967, 5 P.M.

PART I. Answer any four of the following five questions. Keep answers to different

L

questions in separate sets of paper.

An experimenter wants to compare two kinds of slecping pills, A and B, by
placing n individuals on A and n on B, His mecasure of effectiveness is the

total hours SA and SB of slecp gained over a 7-day period (compared with

known habits when no pills are taken). He comes to you wanting to know how
large n should be.

What questions would you ask the experimenter and how would you procced in
the following cases?

(a) SA and SB may be assumed normally distributed with common known variance ¢%;

(b) As in (a) but ¢2 unknowvm;

(c) No specific knowledge of the form of the distribution available.
Comment also on the above experimental method.

One of the reasons that patients having cleft palate cannot speak plainly

is that they have difficulty in building up enough pressure within the mouth

to enunciate certain sounds. Patients having corrected cleft palates, patients
having uncorrected cleft palates, and normal subjects were asked to say words
containing the voiced fricative z, the voiceless fricative f, the voiced
plosive v and the voiceless plosive p. The pressure present in the mouth

was mcasured when the words were said.

Assume that the subjects in each of these groups are a random sample from
each of the three populations, and that the (1 x 4) vector of observations
made on each subject has a multivariate normal distribution with mean n, ,
i=1,2,3, and variance matrix I. =

Outline how you would test the hypothescs of no difference between
(A) fricatives and plosives,

(B) voiced and voiceless,

(C) no (A) x (B) interaction, no difference among groups, no group x (A)
irteraction, no group x (B) interaction, and no group x (A) x (B)
interaction.



Let yij denote the yield of some crop observed on the j—th plot (j=1,2,..

in the i-th experiment (site) (i=1,2,..

is very large.)

Let

with the e, . ts independent, each N(0’°?>’ the u,'s independent, each N(O,ag),

=n+wu, +e

Yijy i 1j°

ij i

and the e, .'s and u,'s independent.

(a)

(b)
(c)

(a)

ij i
Let
y M7
y= wm Iz Yij
i=1 j=1

denote the observed overall average ylcld of this crop. Find the
variance of ¥,

Let

C= m(rc1 + c2)

be the total experimenfal cost over all experiments, where ¢, = cost

per plot and c, = cost per site. Find thc optimal allocation with

- respect to r and m, when it is desired to:

minimize var(y) for a given total cost C = C.s

minimize the total cost C for a given variance var(y) = Vo.

A research worker asks you for an explanation of the rationale and’
derivation of the following material which he has found in a manual
on radioactive counting. He knows the clements of probability theory,
including the standard distributions, moments, and the central limit
theorem, He is acquainted with the basic idecas of point and interval

estimation. He knows also that the number of radiocactive emissions per

unit of time is considered to be Poisson.

If NT is the count over time T, the counting rate is

R:ﬁ
, T’

(CONTINUED ON NEXT PAGE)

.,m), (Assume that the number of sites



(Problem 4 continucd)

(b)

the standard error of R is

To estimate the true counting rate to within p %, with y % probability,
one should conduct thc counting until

. 2
N = _l,qg_ls> ,
T P

where k is given by

P(IZI < k)= 7%,

Z being the standard normal deviate.

Produce the requested explanation, taking care to distinguish between
paramcter and statistic, pointing out where the latter has been used
as estimator to replace the former, and clarifying how the standard
normal distribution enters the situation.

Encouraged by the explanation he has received for the above material,
the research worker returns with a request that you help him clarify
some further details. He explains that ordinarily it is not possible
to make a count on a sample of radioactive material without at the. same
time counting background (environmental) radiation. It is thus a
practice to count background for time 7, and then count the saumple
(plus background) for time Ts' His notes arc as follows.

PN standard deviation of the sample,

1

oy standard deviation of the background,

total standard deviation g is

N .
’ ) + 2 _ }\S"b b
o= g g = T T E )
s b ls 1b

(CONTINUED ON NEXT PAGE)



(Problem 4 continued)

in which Rs+ = Rs + Rb.

b

Cocfficient of variation V is defined as

For a specified value of V, and given values of Rs and

Rb’ we seeck the

proper allocation of times Tb and Ts so as to minimize the total time

T= Tb + TS.

Give the requested clarification of details, and produce the required

allocations T, and Ts'

b

5. The following fractional factorial design, one-fourth of a 2% design in 2
separate blocks, was used by an experimenter:

(a)

(b)
(c)
(d)
(e)

Note:

Blocks
1
(1) adf
bd acef
cde bce
abf abcdef : : a

ac
bef

cf
bde

abc
acd
def
bedf

Write out the confounding statement or what is usually called

"The Fundamental Identity”.

Write out a mathematical model for this experiment.

Write out the ANOVA Table for the experiment according to your model.

What is confounded with block differences?

What additional 16 experiments would you carry out if-you wish to

unconfound BD and CF?

The notation above indicates the level of the
mental run. For example, experiment bd means

- low levels and b, d are at their high levels.

are at low level.

six factors in cach experi-
that a, ¢, £
(1) mcans that all factors

&

f are at their



PART II. Answer any four of the following ten questions. Keep answers to

different questions in separate sets of paper.

6. The number of infectious virus particles in a volume v of a given suspension
follows a Poisson distribution with mecan Xwi, where X is a random variable
with a rectangular distribution in the range ((1-A), (HA)), n > 0 and 0 < A < 1.

Show that the probability of there being at least one infectious virus particle
in a volume v is therefore

"(2\7}17\)-1(8-‘41(] ‘A)_C'V‘l(l'l:)\))

for 0 <A < 1, and give the limiting form of P as A->0.

It is possible to obtain empirical estimates of P for different volumes v and
in this way obtain information about A. In particular if Y -+ 5 is the probit
of P and x = log10 v, show that when P = (,

(1) for A= 0, &= (r/2)(1n 10)(1n 2)

and g .
(i1) for A= 1, = @r/2)Z(In 10)(a - 1),

. . s Q. .
where o satisfies the equation e =1 - %a and In denotes natural logarithm.

7. (a) What is meant by the term "quantal response™?
(b) What are the assumptions needed for the "up-and-down" method?
(c) What happens if these assumptions are violated?

(d) How could the technique of Stochastic Approximation be used to estimate
the median lethal dose of a certain chemical?

8. Assume that you have been asked to preparc a technical report outlining the
major population developments in recent decades in the geographic area in
which you expect to work -— including reference to natallty, mortality, and
migration.

Briefly outline the report you would prepare. ‘Include reference to the
sources of data you would use, types of information you would provide,
statistical tcchniques you might use in analyzing the data, and some of the
general considerations of a social and economic nature that might be noted
in studylng the material,
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9. Consider a cohort of 10 individuals at time x0 of whom 1i survive to time

X (i=1,2,...,n). Assuming a pure dcath process,
(i) derive the joint probability distribution of the 1i given 1,3

(ii) determine the maximum likelihood estimate ﬁi of py, the probability

that an individual alive at time xi will survive to time xi+1;

(iii) determinc the variance of ﬁi and the covariance between ﬁi and

(iv) are 61 and 6j independent?

10. An epidemiologist supplies you with data from a series of lung cancer patients
and normal subjects. The variables that have been recorded are primarily
historical and include data on

i)_ Married (yes or no)
'2) Negro (yes or no)
3) Cigarctte Smoking Habits (0 = no, 1= light, 2 = moderate, 3 = heavy)
4) Age (in years) |
5) Height (in inches)
6) Weight (in pounds)
7)  Socio-economic Status (1 - 5) )
(a) What would you like to know about the generation of the data?
(b) If you were asked to develop a classification pféceduré to distinguish
between cancer patients and normal subjects, what would you do? Name
the procedure, derive the nccessary equations, and comment on features
of the data that might cause problems.
(¢) In what way is the procedure used for classification related to regression

analysis?

11. An r x s x t contingency table, in which X, . 1is the occupant of the (i, j,k)-cecll,
i=1,2,...,r, #1,2,...,s, k=1,2,...,t, is sdch that thc k-indexed category is
a Yfactor" while the i- and j-indexed categories are "responses'. [An example
would be eye color and hair color in men and women, the sex being the factor,
wherce a random sample of men and a random sample of women are drawn, and the
"responses" eyc color and hair color are obscrved in ecach sample.] The

(CONTINUED ON NEXT PAGE)
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(Problem 11 continued)

2.

marginal totals x are thus fixed in advance of the experi-

ment.

X X

R LA L oo t

(a) Taking as null hypothesis the statemcnt that shows the probability
distribution of "i", conditional on "j", is the samec for all levels
of "k", produce a XZ-test which could scrve as an analogue of the
parametric test of partial cerrelation in which the "factor" is
"partialed out".

(b) Apply the test to the following data resulting from observations on
male cancer patients (c) and male noncancer patients (&), the responses
being inhaling status and intensity of smoking cigarettes.

Max. no. cigs. daily > (i) 1-4 5-14 15-24 25-49 | > 49
Inhaling status
(1) - . - - .
' 1 I I I I 1 I I 1 I
Cancer
status gk) _ ]
Cancer (c) 71171141167 1{133163{96{78121]24
Control (c) 171211162 {80157 |44} 74 | 44 | 16 7
I = Inhalé i = Noninhale.

A geneticist raises mice from two types of experiment and classifies them
according to a particular type of "spotting" of the coat. 'In "backcrosses"

where the probability of spotting is 6(0 < 0 < 1), a total of ny mice are

classified as a, spotted, b, normal. In "F_s", where the probability of
1 IS | 25 P y

spotting is 6%, n, mice are classified as a, spotted,.b2 normal. For each

type of experiment, variation is binomieal.

Determine the maximum likelihood estimator of © from the combined data and
obtain a formula for the large sample variance of this estimator, t, in terms
of observed frequencies. Find the efficiency of the estimator,

- u= [a1 + (aznz)%‘-']/(n1 + nz)

relative to t, as a function of O, and sketch the form of this function when

n, =, The geneticist considers that each backcross mouse involves ¢ times

as much labour to raise as does each F2 mouse. He can make a tolerably good

guess at 6, and wishes to plan an experiment so that the variance of his
maximum likelihood estimator shall be approximately a specified magnitude, V;
establish a rule that will enable him to choose suitable values of n, n so’
as to minimize the total labour required.
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A commonly-used measure of the dental health of an individual is his "DMF ‘
Ratio", the number of his permanent tecth (other than "wisdom" teecth) which

are determined upon examination by a dentist to be "decayed", "missing", or

"filled". The DMF Ratio is obviously an integér, and can range up to 28 in .
adults (but somewhat less in children whose permanent teeth have not yet all

erupted). In the gencral population, the DMF Ratio tends to increase with

age, and may also vary according to the sex, race, socioeconomic position,

and other demographic characteristics of the individual; in some subpopula-

tions DMF Ratios are heavily concentrated at the lower end of the range whercas

in others they are heavily concentrated at the upper end.

It has been hypothesized that therc is a "family pattern” in dental health,
viz. that individuals within the samc family will tend to be more alike with
respect to DMF Ratio, by and large, than individuals from different families,
even after careful matching on several variables. For definiteness, consider
only four such variables: age; sex; race (white or nonwhite); and socio-
economic class, there being 5 classes.

(a) In a recent survey the DMF Ratios, age, sex, race, and sociocconomic
class (and much other information) were obtained for all individuals in
a random sample of more than 800 familices from the general population
‘of North Carolina. Discuss how such data might be analyzed in order
to test the hypothesis described above.

(b) Perform such an analysis for the following subsample of seven white ‘_
"nuclear" families (families which consist only of father, mother, and
one or more children under 18). This subsample is admittedly too-small
to be expected to provide any strong conclusion, but it can be used to .
illustrate the technique. In what way does restriction to white nuclear
families simplify the problem? Could the analysis you use here be ex-
tended easily to include families which lack father or mother and/or
which contain other adults? (Note: these arc real data, except for
socioeconomic class.)

(CONTINUED ON NEXT PAGE)
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Family

Sociocconomic

Individual

DMF

Number Class within Family | Ratio Age S?fu
1 4 1 28 38l M
2 28 381 F
3 6 12| M
4 0 6| F
2 5 1 4 33| M
2 25 32 F
3 4 11| M
4 1 91 F
5 0 81 F
3 3 1 28 491 F
2 9 481 M
3 0 10 M
4 1 1 21 421 M
2 3 38| F
3 14 11{ M
4 3 81 M
5 4 6] M
5 3 1 16 32| M
2 17 32| F
3 11 12| M
4 5 10} F
6 5 1 22 351 M
2 21 35}y F
-3 8 8] M
7 2 1 12 591 M
: -2 26 431 F
3 14 15| M
4 1] 11| F
5 3 F
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The numbers of operating hours between successive failures of air condition- .
ing equipment in two hospital wards are as follows:

194 102
15 209
41 14
29 57
33 54

181 32

67
59
134
152
27
14
230
66
61
34

(a) What simple distribution would you try to describe the above data?

(b) Assuming first that there is no difference between the equipment in
the two wards, set a two-sided 95% confidence interval for the (common)
expected number of operating hours of the ajr conditioning equipment ' .‘
between successive failures.

(¢) Test whether there is a differcnce in performance of the air condition-
ing equipment in the two wards.

A graduate student in Nursing recorded the number of visits received by each
of 20 long-term-stay patients at North Carolina Memorial Hospital during a
fixed six-week period. These 20 patients were divided into 4 groups accord-
ing to the length of time they had already been in hospital at the beginning
of the study. Her data are reproduced on the attached sheet exactly as they
were presented for analysis to a faculty member in Biostatistics, except for
subsequent correction of some numerical errors in addition. ("Days LOA"
refers to the number of days during the study period during which the patient
was absent from the hospital on "leave of absence"; these werc chronic-diseasc
patients who did not require intensive care.) She hypothesized that patients
tend to receive fewer visits thc longer it has becen since their admission.

(a) Investigate whether her data support such a hypothesis. State what
_assumptions you make and give some justification for them. -

(b) Comment on the design of her experiment. Given the restrictions that
the entire study must be completed within six weeks and that not more -
than 20 patients may be observed in any onec week, can you suggest any .
improvements? With these restrictions relaxed, how might you change .
the design?
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. ~ Length of stay (at beginning of study):
Group I < 4 weeks
« Group II 4-12 weeks Desired: Correlation between length
Group III 12-20 weeks of stay and visiting patterns,
Group IV > 20 weeks by groups.

No. of Visits per patient per week
' WEEK Days LOA

Group| Patient 1121 31 41 51 6] Total
I A 9 5 6 4 7 5 36 1
B 5 1 1 5 0| 3 15 0
C S| 4| 4 2 0 1 16 0
D 20 {11712 9 71 6 64 0
E 3 3 5{ 3 3 2 19 4]
Total 42 {24 127123117117 150 1
11 A 6 6 11 3 2 1 19 2
B 6 | 3 41 41 3 2 22 0
C 1 3 1 2 0 2 9 7
. D 9 51 6 6 5 4 35 0
- E 313 3 41 3 3 19 . 0
Total 25 (20115419 113 {12 104 9
) III A 212 2] 2{ 2] 2 12 0
B 0] 2 21 01 3 0 7 0
C 6 6 7 41 8 2 33 4
D 3 3 71 3 6 3 25 1
E 2 1] 2 2 2 2 11 0
Total 13 {14 12011 1}21 9 88 5
Iv A 3 2 2 2 41 3 16' 6
B 0| 6 0 5 0] 3 14 0
C 3 3 0 5 0] 2 13 0
D 41 2 51 3 3 0 17 0’
E 81 4 7 6 41 5 34 0
Total | 18 [17 [14 [21 |11 |13 94 6

Grand
) Total _98 75 176 | 74 162 |51 436
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DOCTORAL WRITTEN EXAMINATION

PART 1

October 1968

EDITORIAL NOTE: The data were presented in the original examination with

1.

negative values as shown. This, however, represents a
misreading of the numbers from computer output in scientific

notation; all the numbers should have been positive.

Assuming the following model:

Y, = ae-Bxi + Ye.6xi + ¢

i i °?

and using the following data, estimate @, B, Y, and 6 .

Y X
1.84989 0.50
1.42743 0.60
1.10602 0.70
0.859096 0.80
0.666635 0.90
0.518129 1.00

-0.319671 1.20
-0.195600 1.40
-0.122553 1.60
-0.076239 1.80
-0.050960 2.00

Indicate the procedure used and discuss the adequacy of the fitted model.
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Two independent random samples xl,xz,...,xm and Yps¥qse-es¥y have been
drawn from diétributions with respective c.d.f.'s F and G. Without proof
give confidence intervals for the difference in means By = uy when

(a) F and G are normal with common variance;

(b) F and G are normal with different variances;

(¢) F and G are continuous, differing in location parameter only.
Using appropriate tables, illustrate your answers for 957% intervals in the
casem= 5, n= 10,

The interval appropriate for (a) is often used when in fact either (b)
or (c) apply.

(i) Under what conditions do you regard this as reasonably
satisfactory?

(11) Would you recommend routine use of your interval for (c) in

all the above cases (a) - (¢)?

How might answers to questions (i) and (ii) be obtained with the help

of Monte Carlo (i.e. experimental sampling) methods? Outline a possible

research plan.

To compare four treatments A, B, C, D, 16 animals are available and for
technical reasons the animals must not be used for longer than an eight-
week period. Two designs are under consideration:
) (a) each animal receives a standard treatment S fér the first
two weeks and the response is measured. A completely
randomized design is then used and the respénse for each
animal is measured every 2 weeks. The treatments are then
compared, using the response in the initial period as a
concomitant variable. (Thus each animal receives only one

of the experimental treatments A,...,D.);
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(b) each treatment is used on a particular animal for a two-week
period only, at the end of which the response is measured. Each
animal receives each treatment once. A Latin square type of
design is used, but it is required to allow for the possibility
that the treatment applied in one two-week period may.have some
effect on the response in the subsequent period (i.e. for the
possibility of a first order residual effect).

. (1) Discuss critically the relative merits of (a) and (b).

(11) Set out briefly without proof the method of analysis for (a).

(111) Give in detail the design for (b) and obtain the least squares

estimates of the direct and residual treatment effects.

Sixteen animals are randomly placed into one of two groups — an experimental
group receiving ethionine in their diets and a pair-fed control group. The
liver of each animal is split into two parts, one of which is treated with
radioactive iron and oxygen, and the other with radioactive iron and nitrogen.

The data consist of the amounts of iron absorbed. The data are:

Ethionine Control
Pair 02 N O2 N
1 8.20 4.52 5.43 2.38 ;
2 8.68 5.13 5.41 3.40
3 11.43 5.59 10.00 4.81
4 11.82 5.36 7.53 2.59
5 7.06 3.64 4.34 2.21
) 6 71.27 3.32 5.00 2.01
7 8.71 4.32 5.49 ., 2.06
8 11.41 4.41 5.49 2.22

Perform the appropriate analysis of variance for thesé data and justify

the tests of significance in terms of expected mean squares. Also investi-
gate whether the data appear to violate any of.the assumptions of the analysis
of variance (exact tests are not required) and indicate what multivariate or

nonparametric methods would be applicable in dealing with such.
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5. A physiologist was interested in the effect of the amount of blood flow

and the proportion of oxygen in the blood supply on oxygen consumption and
on the "capillary filtration coefficient'" (a measure of capillary surface
available) of muscular tissue. He measured these variables for the gracilis
muscle of dogs before, during, and after a period of restriction of the flow.
The design of his experiment is given in the accompanying table. His data

are punched into cards according to the following code:

Columns
1-3 Observation number (001 to 167)
4 Dog number (1 to 8)
5-8 Arterial oxygen in parts per 10,000 (does not vary within a "run")
9 Period (1 = control flow — before restriction,
2 = reduced flow — during restriction,
3 = restored flow — after restriction removed)
10-11 Time in tenths of a minute since beginning of period
(blank if Period 1)
12-15 Blood flow in ml/(min x 100 gm) (does not vary within a period
within a '"run')
16-18 Arterial-venous oxygen difference (A-VOZ) in parts per 10,000
19-21 Capillary filtration coefficient (CFC)
22-23 "Run" number (each dog was used as experimental subject on

two or more separate occasions)

""0xygen consumption' is calculated as (blood flow) x (A-VOZ).

Draw up a statistical report on this set of data, particularly with
respect to the "effect" in which the physiologist has indicated an interest,
usihg language which he can understand (he has successfully completed

BIOS 100, but no more).
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If you choose this question, you may give Professor Quade up to two
written requests for computer runs using available programs. If more ‘
than 24 hours are required to return the completed run, a commensurate

extension of time for answering this question will be granted. (In addition,

you may use the sorter, Call-a-Computer, etc. ad libitum, but with no

extension of time for machine congestion or breakdown.)

DESIGN OF THE EXPERIMENT

Number of measurements in period

Run Dog 1 2 3 Total
1 1 2 2 2 6
2 1 1 1 1 3
3 2 1 1 o 2
4 2 1 3 3 7
5 2 2 1 3 6
6 3 2 3 3 8
7 3 2 3 3 8 ‘ )
8 3 2 2 3 7
9 3 2 2 3 7
10 4 1 3 3 7 ’
11 4 2 3 3 8
12 4 2 2 3 7
13 4 2 2 2 6
14 5 2 3 3 8
15 5 2 3 3 8
16 5 2 2 3 7
17 5 2 2 3 7
18 6 2 3 3 8
19 6 1 0 2 3
20 6 2 3 3 8
21 7 2 2 3 7 |
22 7 2 3 3 8
23 7 2 2 3 7 )
24 8 2 3 3 8 .
25 8 1 3 2 6

Total 44 167

W
~J
[
o
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DOCTORAL WRITTEN EXAMINATION IN BIOSTATISTICS

PART II

October 1968

Instructions:

a) This is an open-book take-home examination.

b) The time limit is one week: the examination is made available
Friday, October 4 and the answers are due Friday, October 11,
at 5:00 P.M.

c) Answer any four of the following ten questions.

d) Put the answers to different questions on separate sets of papers.

e) Return the examination with a signed statement of the honor pledge.

Suppose we have a machine shop with 30 machines and that the cost of one
machine being out of operation for one hour is estimated to be $40.00.
Repairmen capable of repairing these machines are paid $5.00/hr. and are to
be maintained on the payroll on a full-time basis. How many repairmen
should there be in order to minimize costs? Assume that the number of
breakdowns per day follows a Poisson Distribution with mean X = 0.70 and
that repair time follows an exponential distribution with mean 5.8 hours.
Hint: Work with the function C(K) = expected cost of machine down time

and repairman time when there are K repairmen hired.
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Demographic and clinical data were collected for all mothers who delivered
fetal and neonatal deaths and for a systematic random sample of surviving
infants among deliveries occurring in a group of teaching hospitals in North
* Carolina. Outcome groups were:

1) Fetal death (death in utero after 20 or more weeks of éestation)
2) Neonatal death (death between birth and 28 days of age)

3) Control (survivors of the neonatal period).
A. Covariance analysis was used to study differences in factors between
outcome groups. For example, the differences between outcome groups (of women
with two or more deliveries) in average birth interval (from last live birth
to delivery) adjusted for parity, previous immature fetal deaths, and socio-

economic class were significant at the 0.0l level. Means were as follows:

Fetal Neonatal Control
Number 112 88 302
Mean years unadjusted 3.26 2.27 2.63
Mean years adjusted 3.38 2.26 2.57

The unadjusted means were also significantly different at the 0.01 level.
1) Describe the model and the assumptions necessary in order to
apply covariance analysis in this problem.
ii) The following table shows the distribution of birth intervals
used in the above analysis (plus a few additional intervals
for which one or more of the three dependent variables was not

available and hence the intervals not used in the above analysis).
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Birth Interval Fetal Neonatal Control
Number of births 130 94 318
Percentage Distribution:

Total 100.0 100.0 100.0
Under one year 3.8 8.5 2.2
1 year 26.2 28.7 35.2
2 years 19.2 29.8 26.7
3 years 18.5 19.1 11.3
4 years 11.5 6.4 10.1
5 years 4.6 1.1 .7
6 or more years 16.2 6.4 8.8

a) Are these data consistent with the conclusions reached by
covariance analysis? Why?
b) Do the distributions of birth intervals mcet the assumptions
necessary for covariance analysis? Why?
B. Fetal and neonatal deaths werc pooled to form a single 'perinatal death"
outcome group and another analysis of the same data was carried out using a
linear discriminant function for perinatal death versus survival (control)
with 30 variables, including birth interval, parity, previous immature
fetal deaths and socio-economic class. In this analysis the coefficient
for birth interval was not significantly different from zero, leading to
the conclusion that '"birth interval per se apparently is not a causal
factor in perinatal death'.
i) Considering only the linear discriminant analysis, is this
conclusion justified? Why?
ii) Are the linear discriminant analysis results consistent with
the results of the covariance analysis described in A? Assume
that no calculating errors were made. How can these apparently

inconsistent results be explained?
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1ii) Is the linear discriminant model better than the covariance model
for detecting causal factors related to pregnancy outcome in the
type of study described here? Why?
C. Are the investigators justified in using the analyses above to draw

conclusions about all perinatal deaths in North Carolina? Why?

3. Collver, Speare and Liu used multiple regression models to analyze fertility
differentials in 1961 among 292 townships and cities in Taiwan.* They found
"clear patterns of fertility differentials among local areas" and expected
to find a similar pattern in the rate of change of fertility from 1961 to
1964. However, "the data show little relation between local characteristics
and the rate of change from 1961 to 1964."
Review the paper and answer the following:

A. Show the model(s) and inherent assumptions used for regression analysis
based upon the description given.

B. Is regression analysis appropriate for this kind of data? Why?

c. How could the model be improved?

D. What other model(s) might be appropriate for this situation? Why?

E. Discuss possible reasons for the lack of "relation between local
characteristics and the rate of change from 1961 to 1964."

F. What other models, if any, would you recommend for analyzing the data
on fertility change? Why?

G. Briefly discuss any other points either éood or bad which particularly

impressed you.

*
Collver, A., Speare, A., Jr., and Liu, P.K.C., "Local Variations of Fertility
in Taiwan", Population Studies XX, No. 3. 329-342, March 1967.

NOTE: Examinees will be furnished a copy of this article upon request.
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The following data on tobacco use and incidence of leukoplakia were taken
from a random sample of mill workers. Assume the dose of the causative
agent of leukoplakia behaves as a dose of poison administered in some of
the bioassay models where the response is quantal, and that the dose is
related to age. This seems plausible, since age and length of tobacco use
should be related. What is the relative potency of the dose administered
ta smokers as compared to those who chew tobacco or dip snuff? Interpret
relative potency in this context. Perform the preliminary tests that are
necessary to make sure that relative potency is a meaningful statistic in

this case.

Relationship Between Leukoplakia, Age
and Type of Tobacco Use

Type of tobacco Age

use 25-34 35-44 45-54 55-64

Chew or Dip L 8 24 47 36
L 21 62 82 66

Total 29 86 . 129 102

Smoke L 5 22 31 12
L 143 133 98 41

Total 148 155 129 53

L = Leukoplakia

L = no Leukoplakia
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5. Let us assume that the model of acceptance or rejection of transplanted
tissue (histocompatibility model) is immunogenetic and that each antigen .
is produced by a specific gene. Suppose that histocompatibility is
determined by one locus with three codominant alleles,

A

A say. If the donor (D) possesses antigens which are lacking in

1’ 72 A3’
the recipient (R), the transplanted tissue will be rejected. But if the
donor's antigens are the samc as (or represent a subset) of the recipient's
antigens, the graft will be accepted.

Assuming that the population is in equilibrium with respect to this
locus and the gene frequencies are the same, find the expected proportions

of histocompatible pairs, when the Donor - Recipicnt pairs are:

a) unrelated;
b) parent-child;

¢) sib-sib.

6. Given the following table of transition probabilities,

Period 2
Detergent | Soap |Detergent Neither
only jonly | & Soap
Detergent only .54 .09 .05 .32
Soap only .02 .80 .02 .16
Period 1 e S e
‘ Detergent & Soap 11 .22 .67 .00

Neither .16 .20 .00 .64

A. Interpret the entries in the table if the following additional data

were given on the household purchases of soap products in Period L.

No. of houscwives buying

Detergent only 22
Soap only 44 ’
Detergent & Soap 9 ‘
Neither 25

—

100
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B. 1Is there sufficient evidence present in this data to reject the
hypothesis of period independence? Use o = 5%.

C. What is meant by a "stationary' Markov process? Indicate how one
would test for stationarity.

D. If data were available on the buying habits of these 100 women for
25 consecutive periods, indicate how one would obtain an estimate of the
underlying transition probability matrix, P, under the assumption of a
"stationary" Markov process;

E. Is this underlying matrix, P, useful in prediction? Why or why not?

Suppose a ''very successful" screening program is instituted for a certain
disease. What will happen
a) 1in the short runm,
and b) in the long run;
to
1) the "true"
and 2) the '"reported'":
(i) 1incidence rate,
(1i) prevalence rate,
and (iii) case-fatality ratio?

(2x2x3 = 12 answers required)

The answers to at least some of the above depend on the nature of the disease.

Use as examples two diseases for which the answers are as different as

possible.



28

The distribution of family size, s, can often be well represented by the

negative binomial distribution .
o a-
P(S) = (S) Bs (1"'6) S’ s = 0,1,2,... (CY, B < 0) .

This is a two-parameter distribution, but for a given set of daFa a one-
parameter distribution may be adequate. For what values of o, and under "
what conditions, does the negative binomial distribution or the truncated
negative binomial distribution become
(1) the geometric distribution

(ii) the Poisson distribution

(iii) the logarithmic distribution?
In each case prove the result. For a given set of data on family sizes,
how would you a) determine which of these three one-parameter distributions
to use to describe the data, and b) test for the goodness of fit to the

chosen distribution? ‘ -

In a certain assay, the response, y, is distributed with constant residual N
variance, 02, about a regression line on the log-dose, x, the equation of
which is

o + Bx + Y¥* for the standard preparation,

E(y)

and E(y)

o+ B(x+p) +Y(x+ p)a for the test preparation.
In a 2x2 design, each preparation is tested at doses for which

x = X and x = X+d, and the same number, n, of.observations is made at e;ch

of the four doses. The observed mean responses are, respectively, Yg1 and

Vg2 for the standard, and Y and Yoo for the test preparation.

Show that
o 20tV " Ysp © Ys1) )
Yp ~ Y11 ¥ Y2 " Vs
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is a consistent estimator of p, irrespective of the values of the other
parameters.

In a 243 design, the observations are made as in the 2x2 design, with
the addition of a group of n observations at an intermediate dose of the
test preparation for which x = X+%d, and at which the mean respbnse is Yro°
Show that the statistic formed by replacing the numerator of M by

Ypp ¥ ¥t Y Vs t Vg1
3 - 7 )

2d (

is a consistent estimator of

_y& 2

for small values of Y.

First cousins can be of various possible types, according to the sexes of the
intermediate ancestors in the chain of relationship. How many such types
are there?

Deutanopia is a type of color-blindness caused by a sex-linked recessive
gene whose frequency is q. For each type of first cousin marriage, what is
the probability that a child will be found on examination to be a deutanope?
(Assume the parents do not have any further distant relationships, and have
not been tested for color-blindness.)

Alkaptonuria is a rare autosomal recessive condition. If a proportion
¢ of marriages are between first cousins and the incidence of alkaptonuria
is a, what is the expected proportion of the ﬁérents of such cases who are

first cousins?
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BASIC WRITTEN EXAMINATION IN BILOSTATISTICS

PART 11

(February 21, 1970. Answers duc at 5:00 P.M., February 27, 1970)

Instructions
a.) This is an open-book ''take-home" examination.
b.) The time limit is approximately one week.
c.) Answer any four of the five questions which follow.
d.) Put the answers to different questions on separate sets of
paper.
e.) Return the examination with a signed statement of the honor

pledge.

The data in Table A are results of a national survey of hospital

administrators. The data are categorized by the number of years

the hospital has implemented its rehabilitation program, region

of the

country, hospital administrator's opinion of the program,

and size of the hospital (as determined by its number of beds).

The sample was obtained by simple stratified random sampling with

region

and hospital size determining the strata. The total number

of hospitals in each stratum and the corresponding sample sizes

are given in Table B.

a.

Provide estimates and standard errors for statistics in-
dicative of

i) opinion

ii) yéars of implementation
iii) association of opinion and years of implementation
for each region of the country, for each hosplital size, and

for the entire country.



Number of
years Program
has been
Implemented

<5

6-10
11-15
16-20

21+
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Suppose it is known for the entire population of interest

that the distribution of years of implementation is

0-5 6-10 11-15 16-20 21+
20% 35% 257% 15% 5%

Then use this supplemeqtary information to obtain an alter-
native estimate of the proportion of administrators with highly
favorable opinion in the entire country, together with its
estimated standard error.

Comment on how additional information like that in (b) would

be useful,.

Table A
North-Fast Region

Opinion of Administrator

Highly favorable Slightly favorable Doesn't matter Undesirable
Size of Hospital
Large Small Large Small Large Small Large  Small
1 10 0 0 0 0 0 0
1 5 0 0 0 0 0 0
3 8 0 1 0 0 0 0
5 5 0 0 0 0 0o 0
4 5 0] 0 0 0 0 0

(continued)
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(Table A, continued)

West~Midwest Region .

Opinion of Administrator

Number of ,
years Program Highly favorable Slightly favorable Doesn't matter Undesirable .
has been
Implemented Size of Hospital
Large Small Large Small Large Small Large Small
<5 1 25 -0 7 0 0 0 0
6-10 3 26 1 5 0 0 0 0
11-15 6 18 1 6 0 0 0 0
16-20 3 9 0 1 0 0 0 0
21+ 4 10 0 1 0 0 0 0
1 4
South
Opinion of Administrator
Number of
Years Program Highly favorable Slightly favorable Doesn't matter Undesirable
has been
Implemented Size of Hospital
Large Small Large Small Large Small Large Small
<5 1 17 0 4 0 0 0 0
6-10 4 16 1 6 0 0 0 0
. . »
11-15 3 9 1 3 0 0 0 0
16-20 0 7 1 0 0 0 0 0 N

21+ 3 2 1 1 0 0 0 o @
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Table B ‘

North-East

Size of Population Size Sample Size
llospital N n
Large 62 14
Small 1000 34
Total 1062 48
West-Midwest
Size of Population Size Sample Size
Hospital N n
Large 76 19
Small 2949 108
Total 3025 127
South
|Size of Population Size Sample Size
Hospital N n
JLarge 41 15
Small 2407 65
Total 2448 80
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2. A sclentist designed the following experiment to discover the cffects of .
light, type of growth medium, and growth period on a certain strain of
bacteria. Bacteria were to be grown under all 2 X 2 X 3 = 12 combinations
of conditions as follows: two intensities of light (400 and 800 foot
candles), two growth media (A and B), and three lengths of growth period
(one, two and threc weeks). After being grown under the specified
conditions, the bacteria would be counted. The cxperiment was performed
three times. Each time, however, the lab technician forgot to grow
bacteria on medium B at 800 foot candles. The data as collected .are shown

in the table:

Light: 400 foot candles 800 foot candles
Medium A B A B ‘
Growth
Period =
1 week 25300 25300 40800
16400 32000 _ 43300 not done
26200 30600 39200
2 weeks 24000 38800 48000
29600 39600 45400 not done
36500 45400 59600
3 weeks 21600 40800 68600
19600 42800 63000 not done >
29200 35000 59000




35

After firing his technician, the scilentist comes to you hoping that enough
data were collected to allow him to answer his questions of real interest,
which are:

(1) Does this strain of bacteria react differently to different
amounts of light?

(2) Does this strain of bacteria grow better on medium B than on
medium A (which is a standard growth medium)?

(3) Can growth of the bacteria over three weeks be regarded as
roughly lincar, or must a quadratic model be used?

Being a good statistician, you should also kecep these points (and others)
in mind, even though they were not mentioned by the scientist:

(4) The actual recorded numbers are counts of bacteria and are
large positive integers. Are ANOVA assumptions adequately
satisfied, or should the data be transformed?

(5) The scientist has not mentioned interactions, but he may not
know what interactions are. Should you include inte£actions
in your model?

Analyze the scientist's data and write a report to him explaining your
analysis. Answer his basic questions, if possible. (Read the questions
carefully!) If your answers should be "qualified" or "restricted", state
these restrictions. Be sure towite out the model you use in your analysis
including aﬁ interpretation of and estimate of each term. Report and
justify transformations, if used. Interpret the results in terms of the
experiment. Explain significant interactions (if any) so that the

scientist can understand your explanationm.
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Suppose that a certain (genctically controlled) character in human populations ‘
is classified into five different categories (phenotypes), Cl""’ CS' Under
the genetical hypothesis, Ho, say, that a population is in equilibrium, the -

distribution of these phenotypes should be

Phenotypes: C1 C2 C3 Lq CS

Probabilities: p2 q2+2pq 2pr 2qr r2

where p,q and r are certain genetic paramcters (called gene frequencies),
satisfying the conditions p,q,r > 0, ptq+r=1. Two populations were

analyzed with respect to this character, the following data obtained:

Phenotypes
Population C1 02 C3 C4 C5 Total
1 24 16 87 15 61 203 . )
2 12 8 40 11 38 109 .
Total 36 24 127 26 99 312

a) Denoting by N, (j=1,2) the sample sizes, and by m (i=1,...,5;

3 13
3=1,2) the observed numbers of individuals in the Ci category
in the jth population, write down, in general terms, the test
~statistics for testing the hypothesis that the data are con-
sistent with Ho in each population; then perform the test.

b) Similarly, write down the test statistics for testing the hypothe-
sis, Hé, say, that the distributions in both popualtions are the
same (i.e., that the populations are homogencous with respect to
the parameters p,q,r), and perform this test also.

Note. There are no explicit solutions for the maximum likelihood estimates
of p,q and r. You may use iterative methods or a computer program. If you

use a computer program, it is still required to give the necessary steps

in the calculations.
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Make a descriptive study of the epidemic for which the data are given

below.

Is fatality related to any of the other variables given? Sug-

gest an explanation as to why some cases were fatal and others not.

Case

Number*

1

2

10
11
12
13
14
15
16
17
18
19
20

21

Sex

s X X = o

2 =

Age

27
39
42
51
29
35
28
31
38
30
34
40
50
18
30
45
36
39
59
30

32

Incubation
Period (hours)

14
19%
20
20
32
34
36
48
451
48
21
78
18

20

First
Symp toms*#*

D
B
GV

HV

GV

BP

BHV

HV

DM

Epidemic of Botulism - La Plata, Argentina - June 1957

Outcome**#*

F

NF

NF

NF

NF
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Cont.
* In order of appearance of first symptoms
** B - blurred vision; D - diplopia; G ~ instability of gait;
H - headache; M - dry mouth; P - dysphonia; V - vertigo; W -
weakness

%%*% F - fatal; NF - not fatal

The folléwing experiment was conducted on a new edible product. The data
are extensigraph readings on maximum peak heights under varying experi-
mental conditions. The maximum peak height represents the largest force
exerted on the product before its structure breaks up. The idea is to

determine the effects of the various experimental variables on maximum

peak height.

Requirements

1. Assume the model Y = BOXO + lel + 82x2 + B3x3 + 84x4 + € as a
suitable beginning model. Do a complete analysis of the data using
this model, using o = 5Z%.

2. 1s this model sufficient? Indicate why or why not.

3. What model do you suggest to represent these data?

4., Draw conclusions.
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~ Randomized
’ order . Flour Peak
of experimentation % Water % Fat in Brew R.P.M. Height
x1 x2 x3 x4 Y

) 1. 46 8 10 90 833
; 8. 46 8 30 90 577
14. 46 8 10 170 540

20. 46 8 30 170 547

5. 54 8 10 90 673

3. 54 8 30 90 660

19. 54 8 10 170 493

7. 54 8 30 170 512

4. 46 16 10 90 802

11. 46 16 30 90 568

) ‘ 22. 46 16 10 170 477
2. 46 16 30 170 390

’ 6. 54 16 10 90 710
15. 54 16 30 90 572

17. 54 16 10 170 520

21. 54 16 30 170 483

10. 50 12 20 130 547

13. 50 12 20 - 130 492

18. 50 12 20 130 523

16. 50 12 20 130 530

) 9. 50 12 20 130 590
12. 50 12 20 130 595
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BASIC WRITTEN EXAMINATION IN BIOSTATISTICS
PART 1I

(June 26, 1970. Answers due at 12 noon, July 3, 1970.)

An experiment was conducted to compare the effects of different
drugs in delaying the atrophy of dencrvated muscles. A certain leg
muscle in each of 48 rats was deprived of 1lis nerve supply by scvering
the appropriate nerves. The rats werc then put randomly into four
groups and each group was assigned treatment by one of the drugs.

After four days, four rats from each group were killed and the weight u
(in grams) of the denervated muscle was obtained. This procedure was
repeated after 8 and 12 days.

Theoretically, atrophy should be measured by the loss Qf weight of
the muscle; but the initial weight could not: have been obtained without
killing the rat. Instead, the initial total body weilght x (in grams) of
the rat was measured. It was assumed that this is closely related to
the initial weight of the muscle.

Drugs A and C were large and small doses, respectively, of atropine
sulphate. Drug B was quinidine sulphate. Drug D acted as a control;
it was simply a saline solution which could not have had any effect on
atrophy.

Give as complete an analysis of the data as you can. In view of
the stated purpose of the experiment, what conclusions do you draw

from it?
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Tines
4 days 8 days 12 days

X u x u % u
217 .94 265 .91 198 .34 1
246 1.16 248 .73 175 .43
256 1.26 238 «52 199 A1
200 .85 180 .65 224 A8
198 1.19 186 .87 233 AL
248 1.15 220 1.04 250 .87
180 .86 199 .88 289 .91
218 1.21 240 .96 255 .87
264 1.22 178 .67 204 .57
200 .90 188 .72 234 .80
210 1.00 250 1.08 211 .09
192 1.00 195 75 214 .84
181 .99 194 .97 186 .81
2606 1.51 274 1.07 286 1.01
274 1.55 222 1.16 245 .97
180 .98 274 1.04 215 .87
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2. The following data are from two different cxperiments to investigate

whether Levorphanol produces a reduction in stress as determined from

the cortical sterone level,
on the same day, with Experiment #1 occurring first.

Experiment #1 (Epinephrine Stress)

Control

Number of
.animals 5
1.90
Data 1.80
1.54
4.10
1.89

Levorphanol

only
5

0.82
3.36
1.64
1.74
1.21

Experiment #2 (Surgical Stress)

Control

Number of
animals 5
1.67
1.96
Data 2.83
3.00
2.17

Levorphanol

only

5
0.80
1.02
1.00

1.50
1.00

Epinephrine

only
5
5.33
4.84
5.26
4.92

Surgery
only

5
6.00
4,50
5.04
7.00
2.58

Each experiment was performed entirely

Levorphanol and
Epinephirine

4

3.08
1.42
4. 54
1.25

Levorphanol and
Surgery

5

4.00
2.80
3.72
0.70
2.25

Analyze the data from the two experiments to determine the effects of

Levorphanol by itself and in the presence of stress as induccd by

either epinephrine or surgery.

In doing this, indicate the extent to

which the data from the two separate experiments can be combined.
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Describe what is meant by stratified random sampling. What arc

its advantages over ofdinary simple random sampling? What is a
proportional allocation? Why is it used?

Suppose a population of size N contains three strata of sizes Nl’
N2, and N3, respectively. A stratified simple random sample of
size n is to be taken from the population according to proportional
allocation in order to estimate the proportion of individuals in
the overall population who have an attribute which is known to

arise in the varlous strata according to the followlng proportion

ranges:
Stratum 1 .60 f_Pl < .80
Stratum 2 .30 f_Pz < .50
Stratum 3 .10 §.P3 < .20

It is desired that n be sufficiently large so that the true overall
proportion P 1ls estimated within 10%Z of its value (i.e. 10% relative
error), with at least 95% confidence. What then is the value of n

required, and what are the corresponding values of nl, n2, n, in the

= ,20N, N, = .30N, and N, = .50N?

1 2 3
If the results of the survey yield the following sample estimates:

allocation, given that N

Stratum 1 0.75
Stratum 2 P, ™ 0.40
Stratum 3 Py = 0.10

what is the appropriate estimate of P and its standard error
i, 4f N is very large?

ii. 4f N = 10007
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Data have been recorded as follows for 122 paticnts studied (including

all confirmed cases) in the 1960 Rhode Island Poliomyelitis epidemic:

Card
Columns
X1 5
X2 9-10
X3 14-15
X4 20
X5 23-25
X6 30
X7 35
X8 40

Variable Name and Codes

Residence of case
1 Providence
2 Pawtuchket
3 Other Rhode lsland
4 Out-of-state
Census tract
1 to 37 if residence in Providence
(missing data code) otherwise
Age (in years)
Sex
1 Male
2 Female
Day of onset
1 Janﬁary 1
2 January 2
366 December 31
Numbexr of doses éf Salk vaccine received
before onset
Initial classification as to type of paralysis
1 Nonparalytic
2 Isolated facial
3 Bulbar
4 Spinal
5 Bulbo-spinal
Degree of residual paralysis (60 days after onset)
0 No residual
1 Minor
2 Significant
3 Severe
4 (Fatal)
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Card
Columns Variable Name and Codes
X9 45 Final classification as to type of polio
0 Aseptic meningitis (i.c., not polio)
1 Nonparalytic polio
2 Bulbar without residual
3 Spinal without rcesidual
4 Bulbar without residual
5 Spinal with residual
XlO 50 Virus isolation
0 Negative (i.e., specimen examined, but
ne virus found)
1 Poliovirus Type I
2 Poliovirus Type I1
3 Poliovirus Type II1
4 Echo virus
5 Coxsackic virus
(nissing data code) no specimen
Xll $4-55 Number of members in family of patient
X12 60 Housing project in which paticent resided

0 Not in housing project
1 Chad Brown, Providence Tract 27
2 Hartford Park, Providcnce Tract 18

3 Prospect Heights, Pawtucket
%
The data are available on Call-a-Computer in a file named POLIO,.

For the 360, the data set is stored as card images at TUCC, in the
following cataloged disk data set:

DSNAME = UNC.B.F2336.HELMS.BASIC
DISP = 8LD,VBL = SER = UBINSI
The "missing data code" is "?" for CAC and (blank) for the 360.

Using any resources available to you, make a brief descriptive stuly
of the epidemic. In particular:
(a) Calculate age-specific attack rates; and (b) investigate the
relationship between the nuwber of doses of Salk vaccine

received and the severity of the discasc,



(a)

(b)

(c)
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Suppose the conditional distributicn of a ccunting variable = is

Poisson, i.c¢,

- \F

x!

f(x|\) = e , x = 0,1,2,...,
and A is o positive random variable. Ascume the marginal distri-

bution of )\ is gamma, namely,

k
g(A; b,k) = booakte LA ,

(k)
with parameters b positive and k a positive integer. Show that
the anondiLiOnal distribution of x is negative binomial, viz.,
s Kup) =(k:§11) kox
where 1-p = q = b/(b+L).
The data below are the frequencies for the number (x) of traffic

deaths per day in North Carolina for 1969. Fit a ncgative binomial

distribution to these data.

X frequency X frequency
0 13 11 3
1 40 12 6
2 56 13 7
3 50 14 1
4 39 15 1
5 38 16 3
6 38 17 1
7 24 18 0
8 19 19 2
9 13 >19 0
10 H Total 365

An alternative model for this type of data is the Poisson distri-
bution. Discuss the choice of a negative binomial model, including
comment on the basic distributional considerations in part (a) of

this problem and a comparison of fit with a Poisson model.
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BASIC WRITTEN EXAMINATION IN BIOSTATISTICS

PART II

(issued noon, Saturday, February 20;
due 4 P.M. Friday, February 26, 1971)

1. Assume that the bacterial count y per unit volume of swimming pool water

is distributed as a Poisson variable, viz.,

Y
P(yln) = e A%‘;,r

for X positive and y=0,1,2,... . The bacterial comt in a swimming pool
is kept in check by chemical additives, e.g., chlorine. One might assume
that a simple function relates the average bacterial count A and the
chlorine level x, e.g.,

1oge A = at+px.

Notice that this relationship preserves the positivity of A.
Consider a sample of bacterial counts from a swimming pool;
DI Y taken at associated chlorine levels; X1sXgseeesX s i.e.,

the bacterial count y; was determined with the chlurine level at X; .

(5 points) a) Derive the maximum likelihood equatioms for estimating o and B.

(6 points) b) Reduce these equations to a single eqmtion and discuss the
solution of these maximum likelihood sguations.

(5 points) ¢) Derive the (unweighted) least squares equations for
estimating o and B.

(10 points) d) Find the maximum likelihood estimates and least squares
estimates of o and B using the data given below.

Table of five (5) bacterial counts (per ml) at each of
four (4) chlorine levels (in mg per ml).

Level of Chlorine Bacteriial Counts
(mg/ml1) (comts/ml)
0.0 19, 12, 18, 17, 18
0.2 , 5, 1, 4, 4, 2
0.4 o, 3, 0, 0, O
0.6 0o, 0, 0, 0, O
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2. At one time the Biostatistics Department had, recorded on magnetic disk, a .

record of each birth at a major hospital over a period of five years.
Unfortunately an overzealous BIOS 109 student erased the data while trying
to read them and all that remains is a listing of the records (cards) made
prior to the accident. Technical details about the listing (data format,
number of records, sorting information, etc.) are given in the Table.

It has become important to estimate the mean fetal weight (birth
weight) for infants born in the following categories:

White male, white female, nonwhite male, nonwhite female.

Your assignment is to estimate the desired means and their standard errors.

That is, you must:

(10 points) a) Choose and present a sampling plan for determining the means
with as much precision as possible considering the structure ‘ ‘
of the data and time limitations. State the merits and
drawbacks of your design.

(5 points) b) Collect the data according to the plan in part (a). (The
data set listing is available from Mrs. McIver in room 422
during office hours. It can be made available after office
hours by special arrangement with Mrs. Mclver.) You must
submit your data collection sheets with your report.

(10 points) c¢) Compute and present your estimates in a short report.

State the merits and drawbacks of your estimators.

As with most sampling problems, the major objective is to get the maximum
jinformation within the framework of a limited budget. In this case your
"limited budget" is the limited amount of time you can spend collecting the

data. It is anticipated that you will spend at most a total of about 5 hours
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Problem 2 (continued)

on this problem, divided approximately as a maximum of about 2 hours designing
the sampling scheme, writing definitions, etc., a maximum of exactly 2.0 hours
collecting data, and a maximum of about 1.5 hours performing calculations and

writing your report.

Table for Problem 2: Technical details about data listing.

1. Tormat. This is essentially a listing of 80-column data processing cards.

The relevant fields are:

Columns Description

M for male

10 Sex { F for female
W for white

1z Race of mother { N for nomnwhite

. .n) P for private patient
14 "Serv1ce'-{ S for staff patient
23-24  Gestation (from last menstrual period)

in weeks (09 = unknown).

25-27 Fetal weight (decagrams) (009 = unknown)
31-32 Number of total parity (total number of

pregnancies for this mother)

NOTE: There are other data in the record but they
are irrelevant to the present study.

2. Sorting. The data were sorted prior to being listed. The sorting scheme is:

Major: Sex (ascending)
Race (ascending)
Service (ascending)
Gestation (ascending)

Minor: Parity (ascending)
Within a particular Sex-Race-Service-Gestatiom-Parity group the records

may be considered to be in random order.
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Problem 2 (continued)

3.

5.

Number of records. 27,281. It is not known how many are from each of

the race x sex groups (White male, White female, Nonwhite male, Nonwhite

female). However, if this information is needed it can be estimated
quickly and accurately by counting the number of pages of records for

each group. There are 66 records (lines) per page and approximately

413.3 pages.

"Guestimates' of parameters. The population means probably lie in the

range 300-340 decagrams. The population standard deviation is about
42 decagrams. It is known that parity and service have an effect on

fetal weight.

A copy of a part of the listing follows.

. . S , e
832008330FON1P321126654034706001100000000000999129009000000001900990000000000:
820998250EON1P320702654034899901100000000030999009009200000001900990000000000
 242259250F0N1P3204056440322059011C000000003099201 900700909910190099000000000:
747049280F0N1 P32030964403230710110000000003099901 9009000000001900990000000000
 8342689260F ONLP320130664028505601100000000030999029009009900001900990000000700:!
820495190 FON1P32061065403969990110000000003C€99901 9007000000101901991000060009
 792178210FONLP320616634027405301101010000030999009099011000001 §30990000000000
876144250FON1P32102367403190600110000000003010102100100000007110010CNN0000300
868651150€0NLP320703674026504301101010000030101011011000000001131030000000000.
7910902 20F ON1 P32 04 276 3403490 6901 1 00000000039999009979000200001900970000000000
 799822210FON1P32121663403520690110000000003099901 9009007007901900999390090900:

799761240FONLP321212634033707001100000000030999009049000000031960990000100000
 BON447150F ON1P320625644035204901100000066030999009009000207001900990000000000
799465310FON1P321204634033699901100000000030999019002009900931901 990000000500
7893591 70FONL P320310634030505701100000000030999019009000001001900990000000000
791405370FON1P 3205256340329075011 9000002803499901 900901 000003190000000010001
801351200FON1P3201256440277052011C0000000030999009009000000091900990020000900
8471612 70FON1P320815664026505101100000000030999099009000000901900990000000200
B12642230F0N1P32111364402890540110000000003099900900900000000190099020000000Q0;
817403240FONLP320322664028405801110000049000999019009000000001909990000000000
302671170FON1P32122367403510590110000000003011101100109007300120009C000000000
R68309250FONLP320624674029006001100000000030111011001000000°0120008C00C000000
877320260F0ON1P321113674029205601100000000030101011001000000001180C9C000000000
876672190FON1P321101674031804601170000000030109021001090000001100080000000000
770947310FON1P320614674029005601101010000030101022001000000001130070000000000
865826200FONLP320611674030606201100000000030101001001000900001100070000000000
779561230F0N1P220625624C328062011C0000000030999009009900909021900990000000300
836872170FNINLP320404664027906401100000000030999C99039000000001900990000000000
8495002 10F0N1P32100766404060690110000000003099961900991000000190099C00000G000
853768280FON1P32122766403770700112000000003099901 7009000019001900990000000900
74205726QFQN1P32072862403380620110000000303099900900900300000120099000000000Q
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Appended are reproductions from the December 1969 North Carolina Traffic

Accident Summary, N. C. Department of Motor Vehicles.

Suppose that an epidemiologic study of traffic accidents includes

consideration of severity of accident, location of accident and type of

accident.

(20 points) a)

(5 points) b)

Contribute whatever you can to the above mentioned
aspects of the study on the basis of the given data.
What proposals would you make for additional investi-

gations and their necessary supporting data.

NOTE: The thrce categories of injuries follow the Manual of Uniform
Definitions of Motor Vehicle Accidents.

a.

Bleeding wound, distorted member, or any
condition that required victim be carried
from the scene.

Other visible injuries such as bruises,
abrasions, swelling, limping, or other
painful movement.

Complaint of pain, without visible signs
of injury; or momentary unconciousness.
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SUMMARY OF STATEWIDE ACCIDENTS
Number ol Accidents Number of Peraons
) ) . ionfatel Prepu?'y otol lajured
3. LOZATION Tore Faval Hontare Demeze | RE1) vl . b 1 < |
Y. 3,500 % 13,000 982 3 ;36 7‘0'; J 373 141 105 127
T3 T15.000 10 28,000 1287 2 342 943 3 516 203 | 124, 187
T3 28,600 10 .00 781 4 236 541 4 386 121 £6| 169
f} T4 40,000 v 100,000 1195 3 298 894 3 437 1401 120 177
>[5 169,000 1o 250,000 1622 11 578 1233 11 857 304 | 203] 350
10TAL URBAN 6067 23 1690 4354 24 2567 919 638] 1010
1. Interstote 146 5 42 99 10 81 3¢ 15 27
2. U. 8. 1742 46 463 1233 52 896 454 216 226
i 13.NC 1134 21 359 814 23 590 329 133 123
" [ 4. Rurol paved 2353 41 675 1637 45 1090 588 | 2941 208
. [ 5. Rurel unpaved 220 2 63 155 3 101 56| 26| 19
TOTAL RURAL 5655 115 1602 3938 123 2758 1466 686G 603
TOTAL URBAN & RURAL 11722 138 3292 8292 157 5325 2385 | 13271 1613
Summaty of URBAN Aceidents
I. TYPE OF ACCIDENT Number of Aceidents T Number of F:::'o:s
) Totel urea
Motor Vehicle: Totol | Fotal | Nenfotol only Killed | Toral a b c
1. Ron off road 711 3 278 430 3 377141 216 92 69
2. Overturned on rcad 25 9 16 11 5 2 4 ]
x 3. Pedestrian 151 11 140 11 1451 70 40 35
g 4. Motor vehicle in traffic 4577 8 1139 | 3430 9 1877 ; 5€3 454 360
S _1-5. Parked motor vehicle 498 75 423 1 97 40 32 25_
‘(‘Sé 6. Railroad troin 16 1 5 10 1 8 2 6
5: 7. Bicyclist 21 21 22 10 10 2
3(; 8. Animal 4 4
35 9. Fixed object 44 15 29 22 11 7 4
U >110. Other object 10 2 8 2 2
11. Other non-coilisicn 10 6 4 6 2 H 3
12.
TOTALS 6067 23 1690 | 4354 || 24 2567 | 919 638 | 1010
Summary of __B.I_JLAL‘____ Accidents
il
1. TYPE OF ACCIDENT ' Number of Accidents S 1; — Number of P|e;::nds
; Nenfatol : L njur?
Motor Vehicle: Total Fatol It:\r:uor’ye :T\fygc Kiol;l:d __To’cl [} I
! 1. Ron off ro0d 2167 33 7721 1240 66 1228 726 309 193
) 2. Overturned on rood 46 16 30 19 10 6 3
H 3. Pedestrion 63 18 45 18 49 33 11 5
5 4. Motor vehicle in traffic 3029 35 7201 2274 41 1395 6641 347 384
3,18 Parked motor vehicle 75 6 69 8 1 3 4
% & 6. Reilroad train 18 2 8 8 3 10 8 2
gz 7. Bicyclist 4 4 |- 5 3 1 1
3§ 8. Animal 164 12 152 23 3 7 13
asl 2 Fixed object 51 2 10 39 2 12 10 2
© >110, Other object 16 5 11 5 4 1
11. Other non-collision 22 3 4 lé_ 3 4 4
12,
TOTALS 5653 115 1602 | 3938 133 2758 | 1466 689 603
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4. Read the article "Clinical Findings on the Lffectiveness of Stannous
Fluoride and Acid Phosphate Fluoride as Caries Reducing Agents in Children",

by Cartwright, Lindahl, and Bawden, in the Journal of Dentistry for

Children 35 (1968) pp. 36-40. The data on which this study is based are
available on Call-a-Computer in two files named DENT$1 and DENT$2, and

are also stored as card images at TUCC, in a disk data set. The data set
and card format are described in an attached Table. A copy of the journal

article is attached.

(8 points) a) Check the results given in the article, particularly those
shown in Table 1 and Figure 1, and the statements in the
first paragraph of page 37.

(7 points) b) Cartwright et al. combined the data for children of all
ages, sexes, and orphanages. Is there any evidence for
differential effects according to these variables?

(5 points) c¢) The raw data exhibit an inconsistency in that a decrease
in DMFT over time was recorded for some subjects, although
in actuality this is impossible. Comment on the way
Cartwright et al. handled this situation and how you think
it should be handled.

(5 points) d) Does an analysis of the dropouts cast any doubt on the
validity of conclusions based solely on subjects who

remained to the end of the study?
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Description of Card Image Data Set

(Missing data '"blank')

Order of variables Card
on C-A-C files Columns Variable

1 2-5 Identification Number
2 9, 10 Initial DMFT
3 14, 15 DMFT after 6 months
4 19, 20 DMFT after 12 months "blanks" for
5 24, 25 DMFT after 18 months dropouts
6 19, 30 DMFT after 24 months
7 34, 35 Age at beginning of study (years)
8 40 Sex (1=male, 2=female)
9 45 Orphanage (1=Elon, 2=Hughes, 3=Kennedy)
10 50 Treatment (1=Control, 2=Stannous Fluoride,

3=Acid-Phosphate Fluoride)

Data Set Information:
Location: TUCC, VOL=SER=UBIDIS
DSNAME=UNC.B.F2336. HEIMS. CHILI
UNIT=DISK
DCB= (RECFM=FB, LRECL=80, BLKSIZE=7280)

Location: Call-A-Computer
File names: DENT$1, DENT$2.
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5. In a psychological experiment rats are trained to leap through a hole in

a wall several inches above the floor. The hole is sufficiently difficult
to hit that several attempts may be required for a rat to leap through
the hole. An experiment was performed in which 50 rats were trained and
randomly assigned to two groups of 25 rats each. One group was treated
with a placebo; rats in the other group were fed small amounts of LSD.
After a suitable time the rats were placed before their holes and a

count was made of the mumber of leaps required to jump through the hole.
The data are given below. Assume trials (jumps) are independent with the

same probability of success.

(4 points) a) What is the obvious probability model to use for the
experiment? What is the likelihood function for the
experiment? Justify your answers.

(7 points) b) Compute the maximm likelihood estimates of the

~ parameters of the distributions.
(7 points) c) Use the asymptotic properties of the likelihood ratio
| test statistic to perform an approximate test of the null
hypothesis of no LSD effect at the a = 0.05 level.

(? points) d) Use an appropriate distribution-free test statistic to
test the null hypothesis of no LSD effect at the
a = 0,05 level.
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Problem 5 (continued)

CONTROLS TREATED WITH LSD
Rgt mgsggul th uxl\:lslllgi:scs’gm
leaps leaps

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
14 14
15 15
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BASIC WRITTEN EXAMINATION IN BIOSTATISTICS
PART II

(issued noon, Friday, Jume 25;
due 4 P.M. Thursday, July 1, 1971)

Instructions

a)
b)
c)
d)

e)

This is an open-book "take-home" examination.

Answer any four of the five duestions which follow.

Put the answers to different questions on separate sets of papers.

Put your code letter, not your name, on each question.

Return the examination to Sarah Cranford with a signed statement of the

honor pledge on a page separate from your answers.

Problem 1

This question refers to data set BUFFPK on CAC regarding trips made to

parks by household groups in Buffalo, New York. A description is attached.
Write a descriptive study of these data, including but not restricted to the
following: '

a) What characteristics, of those reported on in these data, tend to
distinguish persons who visit parks from those who do not?

b) Discuss what characteristics distinguish the longer trips to parks
from the shorter ones. In particular, if the terminology of "type
of park" has any meaning, trips to "community parks' should tend to
be longer than trips to "neighborhood parks", and trips to "city-
wide" parks should tend to be longer still. Do the data confirm
this notion?



58

Problem 1 (continued)

Description of CAC file BUFFPK

This file contains part of the data collected during the summer of 1962
in the Niagara Frontier Transportation Study, which involved home interview
in a 4% sample of all households in the Buffalo Standard Metropolitan Stat-
istical Area. Each of the 77 observations represents a single trip by car to
a local park on a weekday (excluding holidays) by a household group living in
Buffalo, New York, during a specified period of time. A "household group" is
a group of one or more members of the same household, 5 years old or older,
(but not necessarily the entire household) who visit the same park at the same
time. '

"The first three columns give a line number.
The 17 variables are as follows:
1. ST - Structure Type

1. Single family
2. Multiple family

2. FG - Family Group Size

1. 1-2 persons
2. 3-4
3. 5-6
4. more than 6

3. 1IG -~ Income Group

1. 0-4999

2. 5000-6999

3. 7000-9999

4, 10000 or more
? no response

4. GT - Group Type

1. Children only (under 21, living at home)

2. Adult couple, with or without children accompanying

3. Single adult (not accompanied by any child 5 years old or over)
from household where children under 5 are present )

4. Single adult, accompanied by at least one child 5 years old or over

5. Single adult, aged 21-45, from houschold with no children under 5

6. Single adult, aged 46 and over, from household with no children
under 5

5. Race

1. White
2. Non-white
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Problem 1 (continued)

6. OT - Origin Type

1. Home
2. Other

7. TA - Time of Arrival
1. Midnight - 11:59 A.M.
2. Noon -~ 3:59 P.M.
3. 4:00 P.M. - 6:59 P.M.
4, 7:00 P.M. - Midnight
8. TT - Time for Travel (hours)

Time at Park (hours)

[le}

=3

o]
i

10. HT

1

Household Type
1. Includes male adult, female adult, and children
2. No children
3. Includes adult(s) of one sex only, and children
_‘ : 11. AN - Activities - Number (per person per household)
12. AT - Activities - Time (per person per household)
T 13. PT - Park Type
2 - Neighborhood park or playground
3 ~ Community park
4 - City-wide park
14. PS - Park Size (acres)

Note: Very small parks or playgrounds were arbitrarily coded "1"

15. HCD - Home - City Distance (miles)
16. HPD -~ Home - Park Distance (miles)

- 17. OPD - Origin - Park Distance (miles)
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Problem 2

An ampule of frozen vaccinia pool was thawed and diluted in beef heart

"5-0 -503
’

infusion broth to 10 , 10 and 10—5'6, equivalent to approximately 360,

180, and 90 LD_, doses respectively. Two compounds were used, a control and

50
MC2343.
Mean* Reciprocal Survival Time (X103)
CONTROL MC2343
VIRUS DILUTIONS VIRUS DILUTIONS
Tests 10—5.0 10-5.3 10-5.6 10-5.0 10—5.3 10—5.6
1 106 109 96 70 64 52
2 105 108 86 70 64 72
3 117 102 100 108 78 56
4 117 107 97 88 75 64
5 111 109 103 68 52 68
6 107 104 93 75 60 67
7 104 91 92 76 63 50
8 106 107 92 76 66 69
9 111 117 104 78 78 70
10 104 103 104 76 84 65
11 109 109 94 70 68 67
12 111 111 89 85 74 62

*Each mean is the average of six eggs.

a. To which class of experimental designs does this experiment belong?

b. The tests correspond to 12 successive records. Can the tests be
regarded as blocks? Why or why not?

c. Give five (5) appropriate orthogonal contrasts for treatment effects
and dilution effects.

d. Discuss the use of analysis of covariance in a test of equality of

the treatment means.
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Problem 3

a) If X and Y are independent with common distribution function

exp(—e-x), —o<x<o, show that Z = X-Y has distribution function

F(x)

G(z)

-z
1/(1te ), —o<2z<o,

b) It is a well-known fact in extreme value theory that, under certain
validating conditions, the largest observation in a random sample of size n has
a distribution function which may be approximated (in a certain sense) by
exp[-e—ne(x_e)] for large n; the parameters 6(>0) and B depend on the population -
sampled. Using this approximation and the result from part (a), construct an
upper confidence bound for € (not involving B) with specified (approximate)
confidence coefficient, based on a random sample of size 2m (m large) from a
population satisfying the validating conditions but otherwise unspecified.

c) An engineer suspects that the distribution of the maximum annual flow
in rivers 1s of the extreme-value type because this annual peak flow is the
largest of many daily peak flows. The maximumAannual flows for a certain river
over the years 1902 to 1960 are recorded in Table I below. Using these data,
examine the engineer's conjecture. Speaking qualitatively, are there any obvious
reasons why you might think that this model is inappropriate? Can you suggest
any reasonable alternative? You may use the fact that E(X) = B + ﬂ% and

Var(X) = 1r2/6n262 when X has the distribution function in part (b); Y is Euler's

constant and is approximately equal to 0.577.
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TABLE I

FEATHER RIVER, OROVILLE, CALIF.

YEAR MAF, cfs YEAR MAF, cfs YEAR MAF, cfs
1907 230,000 1915 81,400 1922 36,400
1956 203,000 1905 81,000 1959 34,500
1928 185,000 1917 80,400 1910 31,000
1938 185,000 1930 80,100 1918 28,200
1940 152,000 1911 75,400 1944 24,900
1909 140,000 1919 65,900 1920 23,400
1960 135,000 1925 64,300 1932 22,600
1906 128,000 1921 62,300 1923 22,400
1914 122,000 1945 60,100 1934 20,300
1904 118,000 1952 59,200 1937 19,200
1953 113,000 1935 58,600 1913 16,800
1942 110,000 1926 55,700 1949 16,800
1943 108,000 1954 54,800 1912 16,400
1958 102,000 1946 54,400 1908 16,300
1903 102,000 1950 46,400l 1929 14,000
1927 94,000 1947 45,600 1955 13,000
1951 92,100 1916 42,400 1931 11,600
1936 85,400 1924 42,400 1933 8,860
1941 84,200 1902 42,000 1939 8,080
1957 83,100 1948 36,700
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The Determination and Use of the Components of Variance

The Factory Service Group in conjunction iwth the Product Research Group
have determined a manufacturing specification for Total Organic Builder (T.0.B.)
in one of our synthetic detergents. This specification reads '"Target 2.7%, not
permitted below 2.5% with a risk of not more than one in a thousand."

The factory determines the T.0.B. content of its production by means of a
chemical analysis of samples from the production lines. From the results of
such analyses, decisions are made concerning the adherence of production to
standard specifications and hence, the shippability of the product. The pre-
cision of these analytical results becomes an important aspect of such decisions.

How can we measure the variation in a single T.0.B. estimate, and further,
can we attribute the major part of the variation in the estimate to any one aspect
of the estimation process?

The first requirement is to determine the steps in the T.0.B. estimation
procedure. There are three specific subdivisions in the sampling procedure:

(i) The process naturally falls into "T" distinct process units, of
which "t" are chosen.
(ii) From any process unit, "k' samples are chosen.
(1{i1) On each of these "tk" samples, "n'" chemical analyses are performed.

Thus, there are three possible sources of variation in a T.0.B. estimate;
the variation due to differences from process unit to process unit; the variation
present within each unit which represents non-homogeneous mixing; the variation
due to differences between duplicate analytical results on a uniform sample.

For example, the following sampling scheme was decided upon:

1. The day's production was divided into 24 units of 1 hour duration. This
division was effected because a natural change occurred about every hour
in the process. It was decided to choose 12 of these 24 units at random.
(t=12)

2. Two samples were selected at random from each of these units. (k=2)

3. Duplicate analyses were done on each sample. (n=2)

The T.0.B. Analysis obtained by this sampling scheme are shown in Table I.

a. Estimate the magnitudes of the various sources of variation.

b. Place confidence limits on the variance of the chemical analyses.

c. Discuss the problem of placing confidence limits on the variance
due to sampling the chosen units.

d. Determine the minimum cost sampling design when the cost of
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1) selecting a unit is $0.50 .
ii) a sample from a chosen unit is $0.20
1ii) a single chemical analysis is $2.00

and subject to the manufacturing specification on the mean. Use
the notation N=tkn.

Table I
Unit 1 2 ' 3 4 5 6
Sample 1 2 1 2 1 2 1 2 1 2 1 2
Analysis
1 2.55|2.68 | 2.80} 2.45 | 2.60]2.96 | 2.80 | 2.26 | 2.83| 2.83 | 2.87 | 3.27
2 2.71 | 2.58 | 2.80| 2.83 | 2.83[3.03 | 2.64 |2.64 | 2.93| 2.89 | 2.56 3.02
Unit 7 8 9 10 11 12 .
Sample 1 2 1 2 1 2 1 2 1 2 1 2 )
Analysis -
1 . 2.5512.74 | 2.51 | 2.44 | 2.87 ]| 2.81 | 2.84 ] 2.81 | 2.84( 3.04 } 2.723.02
2 2.6012.65 | 2.39| 2.57 | 2.71| 2.73 | 2.99|2.71 | 2.35| 2.52 | 2.48 ) 2.64
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Problem 5

A random variable X has the beta distribution defined by the probability
density function

f(x) = xa—l(l—x)Y_l, 0<x<1,

1
B(a,Y)

where 0 and Y are positive constants.

a. Find the mean, the variance, and the mode of X.

b. Derive the equations whose solution would give the maximum likelihood
estimators of o and y. What is the difficulty which prevents the
direct solution of these equations?

c. Find estimators of o and Y by the method of moments.

d. An industrial investigator made a study of the breaking strength of a
certain kind of yarn. Experiments on a random sample of 200 standard
lengths of the yarn yielded the following data on y = breaking strength
(1bs./sq. in./50 yds.)

|y-interval | Frequency of observations
midpoint in the interval

20.0 2
20.5 0
21.0 10
21.5 5
22.0 15
22.5 30
23.0 40
23.5 60
24.0 30
24.5 8

200

A plot of the data suggested the shape of a beta distribution. Applying the
transformation

24.75-19.75 5 >

fit a beta distribution to the x-data, using the method of moments to estimate
the parameters. Perform a goodness-of-fit test and comment on the result.
(Hint: use the relation between the Beta and F distributions and the CAC pro-
gram CFTDIS**%,)
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BASIC WRITTEN EXAMINATION IN BIOSTATISTICS

PART II

(issued 10 A.M., Monday, January 31;
due 10 A.M., Monday, February 7, 1972)

1. 958 women who had had two live birthe shortly before a2 certain survey,
reported that fhey had stopped the use of contraceptives in order to conceive
.and that while unprotected, they had conceivad in month y (y=1,2,...). The

data are given in the attached table.

Assuming that for the jth woman in the sample (j=1,2,...,958) the conditional
probability of conceiving in any month (given that she has not conceived
earlier) is a constant value pj, the probabiiity that she conceives in month

y is given by the geometric distribution

. y-l ‘
P Yo= = 'y 1" 'y =1 2,...
r{Y;=y} = p;(1-py) y=1,
(5 points) a) Describe the data, and judge whether they are consistent with

the hypothesis pj=p all j.

(10 points) b) 1If the distribution of the P; is given by

he) = gy P (-P°

then

a
b y=1

fy = Pr{Y=y} =

ab(6+1)...(b+y-2)
(a+b) (a+b+1)...(a+b+y-1)

y=2,3,...

and the likelihood of a sample such as described above is

W n
L= I()7,
y=1 7

where W is the maximum recorded value of y.

(Continued)
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(Problem 1 - continued)
Based on this assumption, derive maximum likelihood estimates
& and b for this sample, ﬁsing starting values a°=1.00, b°=2.00;

derive the variance-covariance matrix of these estimates.

(5 points) c¢) Test how well the data are fitted by the estimates derived in
b).

(5 points) d)} Discuss the results.

Conception Number conceiving
month in month y y n
) (n,) y
@ 1 380 25 0
. 2 153 6 0
3 94 , 7 2
) 4 45 8 0
5 32 9 0
6 61 30 7
7 15 31-35 0
8 19 , 36 9
9 17 37-46 0
10 10 47 1
. 11 10 48 1
12 26 49-59 0
13 2 60 2
14 7 61-65 0
15 4 66 1
16 3 67-71 0
Iy, v 72 1
18 22 73-83 . 0
19 0 84 2
20 3 85-89 0
. 21 1 90 1
22 0 91-99 0
23 0 100 1
24 26
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2. ‘'the North Carolina Abortion Study was carried out to estimate the mean number
" of abortions over a lifetime. To insure recasonably accurate responses, a

randomized response technique was used.

The randomized response device was a sealed, transparent, plastic box
approximately 4 inches long, 3 inches widec and one inch deep. The device
used in the abortion trial had two questions printed on the box 1lid:
1. How many abortions have you had durihé your lifetime?
(sensitive question).
2. If a woman has to work full time to make a living, how many
children do you ﬁhink she should have? (insensitive question).
The first question had a small red ball and the second question had a blue
ball attached in the space occupied by the number 1 and 2 in the questions ..‘
just listed. Inside the box there were 35 ?ed and 15 blue balls. The
respondpnt,was asked to shake the box of freely moving balls thoroughly, and -
to tip the box allowing one of the balls to mount a built-in runway and appear
in a 'window' which was clearly visible to the respondent. The color of the )
ball which appeared in the window determined which of the two questions the
respondent was supposed to answer. If a red ball appeared, she answered

question no. 1, while for a blue ball, she answered thc other question.

The interviewer was some distance away from the respondent and, of course,

did not know which question had been selected by the device. 'The respondent's
answer was simply a number (0,1,...) without specifying to which question the
answer referred to. .To prevent identification the box was shaken again before

returning it to the interviewer. ‘

- (Continucd)
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(Problem 2 - continued)

Let f(x) and g(x) be the probability functions associated with the responses

of the sensitive and the insensitive Guestions respectively. |
(10 points) a) Write down the expression for the likelihood function for n

sample observations xl,...,xn.

(15 points) b) For the following data

X Observed frequency
0 304
1 14
2 56
3 10
4 7
5 2.
6 -
Unknown 13
Total 406

you may assume that

£(x) = A, (1A%, g(x) = (x+1A2(1-1 )7,

for x=0,1,2,... .
Obtain then the estimates of Al and Az by (i) the method of

moments and (ii) the method of maximum likelihood.

(In the above, you may exclude the unknown cases from your

sample, provided you have suitable rcasons for that!)



3. An observer estimates (to the nearest 1 m,p.h.) the speeds of 200 motor-curs
which are driven past him as nearly as possible witlout change of speed.

true spceds are also recorded to the nearcest 1 m.p.h. The data appear below.

20-24
25-29
True 30-34
Speed 35-39
in
m.p;h.40 44
45-49
50-54
55-59
60-64

65-69

(10 points)

" Examine the following hypotheses:

25-29

1

- =t AN

Set up a model to describe the relation between the pairs of spceds,

30-34

35-39

11
12
12

40-44

1

15
16

Estimated Speed in m.p.h.

45-49

11
17

13
13

50-54

The

on the assumption that an eye estimate is likely to be biased relative

to the truth and also to have a random component.

linearity, normality, and constant variance for any regression you

(You may assume

~

discuss and you may ignore grouping errors.) Estimate the appropriate

regression equation, represent it graphically, and obtain curves to

show 95% limits for individual eye estimates at a particular true

speed.

(5 points) a) The eye estimates have zero bias, whatever the true speed;

(5 points) b) The eye estimates have a bias which is constant for all true

(continued)

speeds;
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(Problem 3 - continucd)

(&5 peints) <) Another car, seen by the observer under comparable conditions
and asserted by him to be travelling at 42 m.p.h. or more, has

a true speed of 29 m.p.h.

Also, do any other analyses of the data that you decem worthwhile.

4. One hundrea and thirty housewives are invited to try to distinguish between
'butter’and'margArinc. Each is tested blindfoldéd and independently of the
others; her test consists of tasting two slices of coated bread on each of
three days, the possible pairs being:
(i) '"Bovo'" margarine, followed by standard butter
(ii) ‘"Kreamee" margarine, followed by standard butter
‘ - (iii) Standard butter followed by standard butter.
Each woman is told that the second slice always has butter but that the first
. slice may be butter or margarine. The oxder of (i), (ii), (iii) is randomized
over the fhree days, independently for each woman. On each day, every subject
is asked, "Do you prefer the flavor of the second sample?'" For the eight

possible combinations of judgments, the numbers answering 'yes" are as follows:

Nore | (1) | (4i) | (1) and

onlv Al 431

(iii) | (i) and | (ii) and | (1), (ii)

Ay ris4d) (iii) and (333)

o

1 ' -2 | 17 l 32 | 2 I' 1 I 25 l 50

(No distinction is made between a prefercnce for the first sample and the
absence of any preference.)

- .

(25 points) Write a short report on the results (including summary tables and
‘ . using any helpful significance tests). Discuss any items of
information which the data provides and comment on the design of

the experiment.
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5. The following data give the conccntfations of total mercury and wercury as
methylmercury in lake trout. Perform a statistical analysis of the data
including comment and discussion.of the following points (but not necessarily

_ limited to them):

(5 points) a) Describe the relation between mercury and age of fish.

(5 points) b) Describe the relation between mercury as methylmercury and

age of fish.
(5 points) ¢) 1Is the relation the same?

Note: 10 points will be given for the discussion and comment.

Methylmercury
Age Mercury gcalculated per:§2:1°f
(years) (total) in terms of mercury as
(ppm) meﬁ;;;§) methylmercury

1 0.24 0.074 30.8

1 .28 .098 35.0

1 .19 . 066 34.7

2 .25 1n8 2.2

2 .26 .096 36.9

2 .3 .121 .39.0

3 .38 .208 54.7

3 .45 271 60.2

3 .28 .157 56.1

4 .44 .375 85.2

4 .41 .288 +70.2

4 .44 .346 78.6

5 .43 . 349 81.2

6 .46 .412 89.6

6 .55 .479 87.1

6 .50 .445 89.0

7 .40 .283 70.8

7 .46 .403 87.6

7 .44 .349 79.3

8 .60 .534 89.0

8 .59 .519 88.0

8 .47 .479 101.9

9 .53 .433 81.7

11 .58 .407 70.2

12 .62 .415 66.9

12 .66 .503 76.2

12 .44 . 389 88.4
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BASIC WRITTEN EXAMINATION IN BIOSTATISTICS

PART II

(issued 10 A.M., Monday, January 29; due 10 A.M., Monday, Feb. 5, 1973)

Instructions

a) This is an open-book 'take home" examination.

b) Answer any four of the five questions which follow.

¢) Put the answers to different questions on separate sets of papers.

d) Put your code letter, not your name, on each question.

e) Return the examination to Ann Moneyhun with a signed statement of the
honor pledge on a page separate from your answers.

f) Most questions should be answered in the equivalent of less than 7
typewritten pages (300 words per page) and under no circumstances will
more than the first 15 typewritten or the equivalent be read by the
grader.

1. 1In 1967 a large drug company wanted to evaluate its research program.

Questionnaires were distributed to all professional personnel in the
research departments of its 3 branches, with results as follows:

Branch A B C Total

Questionnaires

Sent 56 22 24 102
Not returned 5 0 0 5
Returned, incomplete
or otherwise 2 5 5 12
unsatisfactory
Suitable for 49 17 19 85

analysis

A part of the data from the acceptable responses is available on punched
cards. (Obtain decks from Ms. Mastrofski in room 422.) The data are
punched according to the following codes:
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Problem 1 (continued)

Cols. Item
1-3 ID Number
4 Branch: 1 = A, 2 =B, 3=C
5-6 Age in 1967
7 Degree: 1 = MD, 2 = PhD, 3 = Both, 4 = Neither
8~-9 Years with pharmaceutical industry
10-11 Years with this company
12-13 Number of articles in leading journals, 1962. and earlier
14-15 Number of articles in leading journals, 1963-1966
16-17 Number of other publications, 1962 and earlier
18-19 Number of other publications, 1963-1966
20-21 Number of abstracts published, 1962 and earlier
22-23 Number of abstracts published, 1963-1966
24-25 Number of patents before joining this company
2627 Number of patents after joining this company
28-29 Years since first publication (xx if no publications)
30-35 (variables not to be used in this analysis)
36 Discipline: 1 Chemistry
' 2 Pharmacology
3 Pathology-Toxicology
4 Microbiology
5 Clinical
6 Administration
7 Other (e.g., Biostatistics)
37 Subdiscipline (ignore for this analysis)

a) Make a brief descriptive study of the results, devoting particular
attention to comparing the productivity of personnel in the 3 branches.
High officials in the company suspect that bad management has kept the
research department of Branch A from operating at full potential: do
these data tend to allay such suspicions? (If you use the computer, you
may use account number UNC.B.X566K.)

b) Discuss what substantial effects on the analysis (if any) the following
may have had:

i) The study includes no data on about 17% of current professional
personnel in the research departments;

ii) The study includes no data on former employees (assume turnover
has been normal);

iii) The cards give no indication of joint authorships, so the same
publication or abstract may be counted two or more times in

totals;

iv) The questionnaire specifically asked for "published material",
"research papers', and "abstracts', but failed to mention

patents.
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In heavy construction operations, variations in the time required for various
steps, for example, in the loading, the hauling, the dumping, and the return
of individual trucks, affect the interaction between pleces of equipment.

An engineer is developing a large computer program to simulate such operations.

As just one part of this program, the engineer must decide what distribution
to use for the time required to load a truck. Although he recognizes that
the total time of each loading operation is made up of the sum of the times
required for each of a (small) number of buckets of material, there is no
strong prior physical justification for a particular mathematical model.

On the other hand, facility in model description and manipulation favors one
of the common distributions. The engineer intends to choose between two
contenders on the basis of a small amount of data available to him from a
previous job. The data, a total of 18 values, is presented in tabular form
below; the predominant characteristics are the shift away from the origin
and the apparent skew toward higher values.

LOADING TIMES(t) IN MINUTES

L] . L] L]
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The two models to be considered are:

i) the shifted gamma distribution

k

£(t) = T%ET (t—a)k-l e-k(t-a),

t>a;

and

ii) the shifted lognormal distribution

2
1 1 |in(t-a)-
f(t) = ————— exp - -[ ] } , t>a,
V21 o(t-a) { 2 g

where 0 is the standard deviation of the natural logarithm of
(t-a) and p is the mean of n(t-a).

For each of these models, estimate the three parameters by the method of
moments and then compare the fitted and observed cumulative distribution

functions graphically.

Since the engineer needs to make a final selection between the two models in
an "objective way" based only on the data, provide him with a reasonable
decision (e.g., via the use of statistical tests, etc.). Discuss in detail
all assumptions and conclusions you make.
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The following data pertain to the number of persons receiving bail for
various types of crimes during the first quarter of years 1971 and 1972
in Charlotte, North Carolina. Separate random samples are drawn from
each crime-race category for the years 1971 and 1972 to study the number
receiving bail during these periods.

[Table - See next page]

i) On the basis of the sample estimates, can we conclude that there
is a significant difference between the proportions receiving
bail in Charlotte during the first quarter of 1971 and 1972 for
Negroes? for Whites?

ii) 1In actual fact, the years 1971 and 1972 are of interest here
because different pre-trial release programs (e.g., bail policies)
were in effect during these years in Charlotte. Thus, the major
question of interest is whether or not there is a significant
difference between these two types of programs with respect to the
proportions receiving bail regardless of the time or place of
implementation. Under the assumption that these data from Charlotte
in 1971 and 1972 are a suitably representative sample for this purpose
what changes must be made in the assumptions, methodology and con-
clusions of part {i).

[Hint: Careful consideration and use of the definitions in part
(1i1) will be helpful here].

iii) Define: (short answers please)

Probability sampling

Simple random sampling
Stratified sampling

Simple stratified sampling
Model sampling

Survey or actual population
Target population

Super population

Sampling error

10. Response error

. . -
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4. A. Introduction:

The department has stored on disk a set of data on births to
toxemic mothers. Consider the problem of preparing and analyzing
this data.

B. Description of the data set:
1) Accessibility:
The data are stored on the catalogued on-line disk data
set named
UNC.BIOS.TOXBABY

Note that "disposition'" SHR should be used with this data set
so that it can be accessed by more than one person at a time.

2) Physical Characteristics:

The data are stored in 80-byte card-image records
(a little under 900 of them).

3) Coding Information:

Columns 1-6 mother's hospital identification
number

Column 9 sex of child
P = female
1l = male
9 = unknown

Column 11 race
® = nonwhite
1 = wvhite
9 = unknown

Columns 23-24 gestation (number of weeks since
last menstrual period)
#9 = unknown

Columns 25-27 fetal weight in decagrams
P99 = unknown

There is information stored in other columns, but it may be
ignored for this problem.

4) Peculiarities:
a) A blank record is included with the data.
b) One record has been stored improperly, so that the fetal

weight is mis-recorded as 884 instead of the correct value:
#84. The correct version of the reccord appears below:

521148251M1U1P 111105552 9“3401?0110&“000000' 930n;0u7n1uooaoo19aassoaooaouooug;
ks

IS IR R RS R IR R XD TR T‘ S T O R T R SR L oI LR IRENER
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C. Problem:
1) Sort the data on the following fields:

a) sex (major)
b) race
¢) ID (minor)

2) Update the sorted data:

a) to delete the blank record and
b) to correct the mistake in fetal weight in the record
described above.

3) Using any statistical package to analyze the updated data,
obtain a third-degree polynomial regression of fetal weight
on gestation period, excluding cases with missing values and
considering separately each sex-race group. That is, fit
four distinct regression analyses. Also for each of the
four regressions, test the effect of the cubic term.

D. Problem-Solving Aids:
1) You may use the computer account number UNC.B.X566K.

2) An off-line data set to be used for storage of intermediate
results between runs may be obtained from Ms. Mastrofski
(room 422).

3) Write-ups of various programs and packages will be available
with Ms. Mastrofski (room 422) and may be signed out from her
for a short time. Some of the write~ups included are:

cory SAS
SORT TSO
UPDATE II FIX2TSL
SPSS POLREG
BMD REGANA
TSAR MULMOD

It is recommended that you check the appropriate write-ups
before using any of these programs, since the details of
running them may have changed a bit since you last used them.

4) You may consult Mr. Middour (room 421) or Mrs. Sorant (room 412)
for interpretation of unusual error messages.

5) 1f, at any time, the data in the original data set seems to
have been destroyed, notify Ms. Mastrofski (room 422) or
Mrs. Sorant (room 412) immediately so that it can be re-loaded.

E. Form of answer to be turned in:

The answer turned in should include the following items:
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1) For jobs run in batch, prepare an off-line listing of the entire
deck (except the JOB card) submitted for each job run for this
problem. For time sharing sessions, include as much of the print-
out as is necessary to show what your commands and input were.
Also, for time sharing sessions, use your code letter in place of
your name in logging on. (References to your name must be avoided
in your answer.) Mark the listings with the order in which the
jobs and/or time sharing sessions were executed.

2) For each sex-race group, give the number of valid cases (those
without msssing information), the fitted regression equation, and
the test of cubic effect.

3) 1If you encounter difficulties in solving this problem, describe
them briefly (in less than one page).

If you are unable to complete this problem successfuliy in the
time allowed, describe in as much detail as possible how you
would go about completing it if sufficient time were available.

***Significant partial credit will be given for a good plan.
'4) Under no circumstances should cards or computer printout (other

than the listings and/or time sharing sessions specified above)
be included with the answer.
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5. The table below gives the results of an experiment using dogs to determine
the effect on two tissue catecholamines of an operation called a sympathectomy.
Four dogs underwent the actual operation; three other dogs were used as con-
trols and underwent a sham operation.

For each dog in the study, base-line measurements were made of epinephrine
and norepinephrine., Further measurements were taken at one hour following
the operative procedure, and at daily intervals for the next three days.

Infer what you can of the effects of sympathectomy on epinephrine and
norepinephrine levels, and the nature of the time trends induced. This is
a tricky problem. In your analysis pay particular attention to:

(a) specification of an appropriate model for the sympathectomized
dogs, including definitions of relevant fixed and/or random effects
and the precise hypotheses to be tested;

(b) the appropriate use of information from the control dogs;

(c) the implications of different assumptions about the way in which
sympathectomy affects variation in observed epinephrine and
norepinephrine levels.

You may assume independence of any random effects you define. The interests
of the investigators in this experiment centered on individual trends of the
two catecholamines, rather than their relationship. Thus, while you may use
techniques of multivariate analysis if desired, univariate statistics and
inferences with minimal remarks about correlation will be regarded as entirely
sufficient.

RESULTS OF CATECHOLAMINE MEASUREMENTS

Dog # Chemical Pre Post Day 1 Day 2 Day 3

10737 E 57.27 61.09 59.40 60.52 57.94
NE 60.55 56.06 55.82 49.61 63.73
10215 E 66.07 61.27 65.02 64.20 66.11
NE 53.70 58.41 63.33 54.49 59.96
10017 E 64.54 67.11 61.34 62.91 61.79
NE 55.93 48.01 47.63 55.83 48.03
SYMPATHECTOMIZED
432 E 56.42 40.86 40.34 32.05 19.92
NE 68.89 41.47 42.47 41.79  28.47
0996 E 56.47 46.43 26.75 27.26 21.73
NE 72.82 39.10 62.08 38.32 22.98
400 E 55.13 44.90 37.34 26.43 19.16
NE 57.11 41.82 29.56 40.10 29.24
424 E 67.54 50.07 41.61 22.02 18.20
NE 76.39 41.80 54.71 40.30 22.13

DATA COURTESY OF F. McNEER, M.D.
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BASIC WRITTEN EXAMINATION IN BIOSTATISTICS

PART II

June 4, 1973)

1. Each of an essentially random sample of 91 patients being admitted to a
public mental hospital was interviewed by ten experienced psychiatrists
who then classified the patient according to one of the following
diagnostic categories:

KOV WN R

Chronic Brain Syndrome
Schizophrenia
Psychophysiological Reaction
Psychoeurosis

Personality Disorder

Mental Deficiency
Involutional Psychotic Reaction
Manic Depressive

Psychotic Depressive

Acute Brain Syndrome
Paranoid Reaction

Other Psychotic

Data from this study are available on punched cards as card images with

the following card code:

If you use the computer, you may use account number U7924).

Cols Item

1-2 ID Number (01 to 91)

3-4 Age of patient

5 Sex of patient (1 = Male 2 = Female)
6 Diagnosis by Psychiatrist A

7 Diagnosis by Psychiatrist B

8 Diagnosis by Psychiatrist C

9 Diagnosis by Psychiatrist D

10 Diagnosis by Psychiatrist E

11 Diagnosis by Psychiatrist F

(Note that Psychiatrists A through F diagnosed all 91 patients)

12-15 Diagnoses by 4 other psychiatrists (not

individually identified, and not the
same for all patients)

Analyze the agreement among the psychiatrists. Consider In particular the
possibility that

(a)

(b)

(c)

Certain psychiatrists are in good agreement while others
are "loners".

Certain diagnoses are easy to make, while others lead to
disagreements;

Patients of certain age-sex categories are easier to
diagnose than others.

(Obtain decks from Margaret O'Briant in room 423,
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(a) An investigator states that there is no response to a drug if the dose
is less than or equal to 4 units. After that there is a linear rela-
tionship with log (dose). Write down the model, stating assumptions,
and find the least squares estimates of the parameters.

(b) Assuming normality, find the maximum 1likelihood estimators of the
parameters.

(c) Fit the model to the following data and perform a simple test to
determine if it is a better fit than the regression solution given
by § = 1.62 + .14 log x (R? = 0.55)

Dose n Response
0.001 4 3.0, 0.38, 22,18, 14.71
0.25 2 3.84, 16.69
1.0 2 10.25, 0.84
4.0 4 2.75, 5.57, 4.43, 11.54
16.0 4 1.92, 66.0, 44.8, 26.5
150.0 5 66.07, 26.43, 55.07, 74.35, 68.97

The survival time of mice with a particular type of tumor is such that its
logarithm is normally distributed. A random sample of n; mice is used as
a control series, and a new drug is tested on a second random sample of n,
mice. On the assumption that the drug may affect the mean of the normal
distribution but not its variance, outline a method for estimating the
population ratio of geometric means of survival times for treated and
control mice and assigning 95 per cent confidence limits. Develop a
maximum likelihood technique for dealing with an experiment that had to
be terminated at time T, at which time a;(<nj) of the controls and

az(<n2) of the treated mice still survived, Show how iterative calcula-~
tions could be performed and how approximate 95 per cent limits could be
based upon an asymptotic variance estimate.
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4. An experiment was conducted to determine the effects of surgical procedures ‘
on lysosome disruption in rat kidneys. Three groups of rats were used.
The procedure for group I was as follows:

1. The rat was anesthetized, and extracts taken from both kidneys.

2. Both kidneys were physically placed outside the body, with all
connecting blood vessels intact.

3. Vessels leading to the left kidney were clamped off, and this
kidney was packed in ice to lower its temperature.

4., After a period of time further extracts were taken from each
kidney.

5. All four extracts were then centrifuged and tested to determine
the percentage of lysosome molecules split, or disrupted, by the
procedure. Thus, one percentage measurement was obtained for
the left (treated) kidney, another for the right (control) kidney.

Groups II and Ill were treated similarly, except that only one of the
treatments'clamp” or "ice'" was applied to the left kidney. Thus, the
design for the left kidneys was:

Group Treatment ‘
I clamp and ice
I1 clamp only
I1I ice only -

In each group, the right kidney was used as control. The data are attached.

The investigator felt that clamping would increase lysosome disruption, but
that icing would effectively counteract this. A fairly wide within group
analysis is probably sufficient to demonstrate this for the given data.
Suppose, however, one is striving for efficiency and wants to use, for any
given estimate or test, the most efficient or powerful procedures available.
It then might be desirable to pool data from different groups to estimate
various parameters or test hypotheses or subhypotheses. Analyze this data
with a view towards achieving maximum precision and power by effectively
utilizing, in each part of the analysis, as much data as possible.
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GROUP 1 GROUP II GROUP I1I
L. Kidney R. Kidney L. Kidney R. Kidney L. Kidney R. Kidney
Clamp and Ice Control Clamp Control Ice Control
1. 40% 477 71% 417% 51% 51%
2. 56% 57% 52% 52% 55% 57%
3. 477 607 52% 48% 38% 38%
4., 497 427 59% 47% 57% 40%
5. 447 607 96% 80% 28% 45%
6. 61% 447 667 58% 50% 47%
7. 34% 457 88% 457 50% 46%
8. 427 677 59% 427 59% 437%
9. 457 427 56% 33% 42% 38%
10. 51% 52% 69% 47% 45% 50%
11. 48% 73% 57% 54% 39% 467
12. 60Z% 53% 50% 417 43% 327
13. 627 33% 647% 48% 35% 36%
14, 297 45% 52% 35% 41% 41%
15. 447 51% 41% 367 40% 56%
16. 39% 31% 58% 36%
7. 37% 51% 45% 37%
18. 68% 567% 88% 467
19. 46% 51%
Total 902 960 1123 826 673 666
Av. 47% 50% 62% 46% 45% 447
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Some of the following four questions, like most practical problems, cannot
be answered on the basis of only the informaticn given. Thus in answering
you may tell what further information you would ask for. Be sure and make
your request reasonable.

a) Social scientists when using methods found in statistics books are
very cautious that '"the assumptions be met." Many would argue that
a t-test should not be used for the following data on 8 classrooms
giving percent improvement in average student performance under two
conditions: '

Control Treatment

Percent 73 88
Improvement 40 85
70 82
74 72

For these data t = 1.98 as compared to the 95th percentile of the
t(6) dist. which is t gg(6) = 1.943. Using the rank sum or Wilcoxon
test Pr(rank sum equals 12 or less) = .057. Thus these two tests
give slightly different results. Which test seems to meet the
assumptions best? Which would you advise be used? What are the
conclusions that can be drawn about the equality of control and
treatment?

b) The last question leads to a rather common problem. When should a
test be "l-tailed" and when should it be '"2-tailed"? low do you
decide this question in practice?

¢) Why is the F-test for treatment differences more akin to a 2-tailed
rather than a l-tailed test?

d) What test statistics could you suggest to test:

HO: ul = u2 = u3 = u4, versus

Hyp Hp 2Hp 2 H3 2 M7

Use the following data (2 observations in each treatment) to
illustrate your test statistic.

Treatments 1 2 3 4

Means 10 7 9 5
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BASIC WRITYILN EXAMINATION IN BIOSTATISTICS
PART II

(issued 10 A.M., Monday, January 28; due 10 A.M., Monday, Yeb. 4, 1974)

An experimental instirument for assessing patient care needs was tried out
as a pilot study in a chronic disease hospital with two wards. The
superviscing nurse filled out a copy of the form for each patient on either
ward on 5 May (this is coded as 'evaluator #1"). She repeated this on 27
June (coded "evaluator #2"). At that time six other nurses, each of whom
worked ou only one ward, also participated.

The data are available on punched cards (get a deck from Robert
Middour) according to the code given on the next page. Warning: the

"total score" is punched erroneously in one card.

a) Recognizing that this pilot study involved no random sampling whatever,
but accepting nevertheless the idea that this hospital and its patients
and staff are "typical", make the best evaluation you can of the
reliability and consistency of the iustrument.

b) Taking the instrument "at face value", make a brief descriptive study
of patient needs in this hoepital. Include some comparison of the two

sexes, of the two wards, and of the same patients on the two dates.



Columns

W 00 ~N & Ut W N

L e e e
0 N P W N RO

19-20
21-50
51-52
53
54
55
56-77
78-80

Ttenm

Shampoo
Bathing
Dressing
Nutrition
Excreta
Ambulation
Transfers
Exercises
Wound Care
v
Skin Care

Medi.cation

Respiratory Care
Vital Sign Monitoring
Emotional Support
Mental Status

Teaching

Nursing Observations

Total Score

(blank)

Patient Number
Evaluator Number

Sex of latient

Ward
(blank)

Card Number
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CARD CODE

1

minimal
2 = moderate

3

(need for hospital care)

maximal

0 = no response from evaluator

= Sum of Columns 1-18

(01 through 48)
(1 through 8)

it

1 = male, 2

E = East, W

female, blank = not recorded

West

(001 through 200)
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The tensilc strength of concrete can be measurcd by the splitting test,
in which a concrete cylinder is placed on its side in the testing machine
and subjectad to diametral compression. The compressive and splitting
tensile strengths of lightweight and ordinary concrete as a function of
age of test Yor 32 continuous moist cure specimens were reported for a

particular mix design as follows:

Lightweight Ordinary
Age, days _—
Compressive |Splitting teunsile| Compressive |Splitting tensile
strength, psi strength, psi strength, psi strength, psi
3 2620 276 2050 232
7 3300 342 3250 282
14 4320 407 3830 373
28 5120 420 4560 336
90 5850 458 5240 448
1£0 6620 494 5390 454
365 6840 513 5530 524
2 ycars 6760 492 5570 506

Perform a detailed regression—analysis study to rclate growth of strength

to time. Give particular consideration to a model of the form:
o= N -
strength = o(time)

Make sure that methods for assessing thc cffects of differences in types
of concrete (lightweight versus ordinary) and in response (compressive

strength versus splitting tensile strength) are included in your analysis.
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An important step in the standardization of any method of measurement is
the collaborative testing of the proposed method to determine, on a
statistical basis, the limits of error which can be expected when the
method is used by a typical group of investigators. The collaborative,
or interlaboratory, test of a method is an indispensable part of the
development and standardization of an analytical procedure to insure that
(1) the procedure is clear and complete and that (2) the procedure does
give results with precision and accuracy in accord with those claimed for
the method. The data in Table A below comes from a collaborative study
of the reference method used by the Environmental ?rotection Agency for
the continuous measurement of carbon monoxide in the atmosphere. Three
different concentrations were analyzed by each of the 15 randomly selected
laboratories participating in the study. The concentrations used were

8, 30, and 53 mg/m3, and these were selected to represent the low range,

the intermediate range, and the high range of concentrations for the

method.

Perform an analysis of these data so that the effects of differences
in laboratories, concentrations, and days can be assessed with regard to
the precision (i.e., varlability) and accuracy of the test results. Pay
particular attention to examining the Variatiqn between results of different

laboratories (often referred to as reproducibility) and to determining

whetlier there is evidence of any systematic bias in estimating concentra-
tion. (HINT: Give consideration to the use of a random effects model in

your analysis).
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TABLE A. OBSERVED VALUES FOR SAMPLES FOR COLLABORATIVE
TLEST OF CARDON MONOXIDE-METiOD, MILLIGRAMS PER CUBIC METER

Laboratary . ’
Code Number Day 1 Day 2 Day 3
Low Concentration
220 8.4 8.4 8.4 8.4 8.4 8.6 8.6 8.6 8.6
222 6.9 6.9 6.9 69 6.9 6.9 6.9 6.9 6.9
253 8.0 8.0 8.0 9.2 9.2 9.2 8.0 8.0 8.0
270 8.0 6.9 6.9 9.2 8.0 6.9 9.2 9.2 8.0
310 9.4 8.8 8.8 89 9.2 9.2 9.4 8.8 9.2
311 8.9 9.3 9.0 8.7 8.6 8.6 9.4 9.6 9.6
370 8.2 8.2 8.2 8.6 8.6 8.6 8.0 8.0 8.0
375 7.3 7.3 7.3 7.2 1.2 71 7.6 7.8 7.7
540 8.5 8.5 8.7 9.0 9.0 8.8 8.9 8.9 8.8
571 8.2 8.2 8.2 8.6 8.6 8.7 8.9 8.9 9.0
780 8.2 8.0 8.1 89 8.6 8.8 8.0 8.5 8.2
799 7.7 8.2 1.7 8.6 8.2 8.0 8.0 8.0 8.0
860 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4
920 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
927 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
Intermediate Concentration .
220 30.5 305 30.6 30.1 304 304 30.5 30.5 30.5
222 28.6 28.6 28.6 29.2 29.2 28.6 28.6 29.8 28.6
253 30.9 309 31.5 32.1 321 321 30.9 309 30.9
270 29.8 309 309 321 309 309 321 32.1 309
310 31.2 31.2 31.5 315 30.9 312 31.2 31.2 31.5
311 31.5 314 313 315 314 315 30.9 31.0 31.0
370 30.6 30.6 30.6 30.6 30.6 30.6 304 298 29.8
375 30.2 30.2 30.4 29.6 29.6 29.6 30.9 309 30.6
540 30.6 30.1 30.1 30.5 30.7 304 30.5 30.6 30.5
571 29.3 29.2 29.8 304 304 298 30.7 30.4 30.7
780 30.9 30.6 305 30.7 30.5 304 30.2 30.6 30.6
799 299 299 29.9 298 29.2 294 31.2 309 31.2
860 304 304 304 304 304 304 304 304 30.4
920 29.8 309 29.8 32.1 2.1 321 32.1 321 32.1
927 321 32.1 32.1 321 32.1 321 32.1 321 32.1
High Concentration
220 5§33 533 529 52.7 52.1 52.1 533 53.3 53.3
222 $2.7 52.7 §2.7 533 533 527 533 52.7 54.4
253 53.8 53.8 53.8 538 53.8 538 538 538 53.8
270 59.6 55.0 55.0 56.1 55.0 55.0 55.0 55.0 55.0
310 55.6 55.6 55.6 55.0 55.2 55.0 55.8 56.1 55.8
311 53.4 533 534 543 544 54.2 53.6 533 53.6
370 54.4 54.4 544 54.2 54.2 54.2 535 533 535
375 54.1 54.1 54.1 53.2 534 536 54.2 542 54.3
540 53.3 53.0 53.0 525 53.3 527 529 529 528
5N 49.6 49.6 498 51.0 50.7 50.7 S1.5 52.1 515
780 52.7 528 523 529 52.6 52.7 53.2 53.0 53.3
799 52.9 533 533 544 54.2 54.4 55.0 54.6 54.6
860 52.7 52.7 52.7 §2.7 52.7 5§2.7 52.7 52.7 527
920 538 538 538 55.0 55.0 550 55.0 55.0 55.0
927 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0




92

Thalidomide is known to have a deleterious effect on the growth of various
types of protozoa. An experiment was conducted to assess whether this toxic
cffect could be inhibited by nicotinic, acid, nicotinamide adenine dinucleotide

(NAD), and menadione (vitamin Kl). The data is presented in Table 1 below.

TABLE 1. Inhibition of the toxicity of thalidomide toward four types of
protozoa by nicotinic acid, NAD, and menadione. Growth of the organisms
was measured with aIWelch Densichron phdtometer and is expressed in optical
density units (0.D.); an 0.D. of 1.0 corresponds to between 0.50 and 0.55

grams (dry weight) of organisms per liter.

Protozoa i?ﬁa— INHIBITORY AGENT (mg/ml)
Types MIDE None Nicotinic Acid NAD Menadione
(mg/ml) 0.001 0.01 0.1 0.0001
0 2.7 2.7 2.7 2.6 2.6
FUGLENA 1 0.7 1.4 2.5 1.7 1.8
GRACILIS 2 0.3 1.3 2.4 1.2 1.2
3 0 0.9 1.8 1.0 0.9
0 1.9 1.9 1.9 1.9 1.9
OCIiROMONAS ] 0.9 1.6 1.7 1.6 0
DANILCA 2 0 1.3 1.3 1.4 0
3 0 1.1 1.3 0.9 0
’TL
0 2.2 2.2 2.2 2.2 2.2
OCHROMONAS 2 1.8 1.8 1.8 1.8 1.8
MALIIAMENSIS 4 1.0 1.3 1.5 1.6 0.8
6 0 0.6 0.8 0.7 0
0 0.5 1.2 1.2 1.2 0.5
T ETRAIYMENA 3 0 0.9 1.0 0.9 0.2
PYRIFORMIS 6 0 0.8 0.9 0.8 0.2
9 0 0.6 0.7 0.7 0.1

Perform a detailed unalysis of these data, paying particular attention to
methods for asseasing the relationship between organism growth and thalidomide
concentration and for determining how this relationship is affected by vary-

ing types of protozoa and Inhibitory agents. -
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Consider the following two sample study design for testing the effectiveness
of Periodic Motor Vehicle Inspection (PMVI) in reducing highway crashes. A
fleet of N vehicles 1s available for random division into an experimental
group, participating in PMVI, and a control group. The basic thesis is that
the PMVI program will improve the mechanical condition of the vehicles in
the experimental group, hence reducing the likelihood of a mechanically
related crash.

After a length of observation of L months, the accident experience of
these two groups is examined. Suppose that the expected survival time until
a crash for vchicles in .the control group is denoted by 6 (in months) and is
suf[iciently large with respect to L so that, for simplicity, one may be
safely concerned only with the time until the first crash for a vehicle during
the study period. If 6' = 6+A is the expected survival time for vehicles in'
the inspected group, i.e., A is the additional survival time attributable to
the inspection program, investigate the sample size requirements for a test

of the null hypothesis

versus the alternative

for specified levels of Type I and Type II errors. You should assume that
the random varisble x, denoting the time until the first crash, for each
vehicle is distributed exponentially. Specifically, for the vehicles in

the control group,

f(x;0) =

Dl

exp{-x/0},

where x and 0 arce restricted to be positive.
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Important Notes:

1

(2)

(3)

(4)

The data are censorcd (or truncated) on the right by the end of the
study at L. So, the random variables of interest are the number of
vehicles (m in the control group and m' in the experimental group)
experiencing a crash in the interval (0,L] and the time until the
crash for coch of these vehicles.

Usc large sample thecory for the maximum likeliliood estimators of ©
and 0' in your study of sample size. In particular, the variance

of the maximum likelihood estimator of 0(@) is given by the reciprecal
of - E(3%1n 1.(8/x)/30%), where L(6/x) is the likelihood function for
the control group. The result of this expectation can be expressed
as 02/E(m) for the control group and similarly for tﬁe experimental
group. You will nced to express E(m) in terms of O and the other
constants related to the experimental sitﬁation. Discuss these
results as compared with an uncensored situation.

Your investigation should at least include a grid of values for the
paramcters and specifications of the study as follows:

L=23, 6,9, 12, 18, 24 months

o = 66, 72, 78, 84, 90, 96 months
A=1, 2, 3, 6, 9, 12 months
oa(=R) = 1, 5, 10 per cent levels.

The naturc of the calculations will probably require you to write a
small, special progran,

Summarizc youvr results, including a discussion of the expression from
which you calculated the sample size for each configuration requircd

in (3) for a basic science resecarcher of highway safety. In particular,



(5)
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he is contemplating exccuting such a study in a state with an available
fleet of vehicles of size 500,000. What must you know to help him
decide whether or not to carry out the study? Discuss.

Discuss briecfly the exponential model in the situation where there is
the change-over from non-inspected to inspected status at time L/2

for cach of the N vehicles.
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BASiC WRITTEN EXAMINATION IN BIOSTATISTICS
PART 1I

(issued 10 A.M., Monday, May 20; due 10 A.M., Monday, May 27, 1974)

Instructions

a) This is an open-book "take home" examination.

b) Answer any four of the five questions which follow.

¢) Put the answers to different questions on separate sets of papers.

d) Put your code letter, not your name, on each page.

e) Return the examination to Larry Kupper wiéh a signed statement of
the honor pledge on a page separate from your -amswers.

f) Most questions should be answered in the equivalent of less than 7
typewritten pages (300 words per page) and under no circumstances
will more than the first 15 typewritten or the equivalent be read

by the grader.

1. Review the attached article by Griffiths and Kunz (Social Biology, 1973).
Comment on the design of their experiment, and carry out an extended;gnd

improved analysis of their data.

EDITORIAL NOTE: The full reference is: R. Wayne Griffiths and Phillip R.
Kunz, "Associate Mating: A Study of Physiognomic Homogamy”,

Social Biology 20 (1973, #4), pages 448-453.
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Table 1 below presents data on replicate determinations of the uric acid
level found in the blood serum of mongoloids and in the blood serum qf.
normal control sﬁbjects or nonmongoloid, mentally retarded subjects.
Analyze these data to determine whether there is evidence of a higher
uric acid level associated with the mongoloid group, making sure to

characterize any age, sex relationships which exist.

Table 1. Serum uric acid levels in mongoloids and undiffercntinted mental retardates (mg per 100 ml).

Males Females

Age Mongoloid Others Age Mongoloid . Others
6 4.56 4.23 7 7.05 372
4.52 4.32 6.93 3.70
9 5.38 4.44 8 5.16 4.18
5.22 4.44 . 5.28 4.08
14 4.12 2.60 13 7.58 3.80
4.14 2.68 7.58 3.82
14 6.8 5.69 16 . 7.50 5.22
7.03 5.67 7.39 S.14
4 5.22 330 18 4.96 4.66
5.20 330 4.96 4.58
17 7.41 5.02 20 9.16 7.58
7.41 5.14 9.10 7.70
19 7.54 6.62 20 6.34 4.79
. 1.54 6.62 » 6.34 4.66
20 o822 4.2 20 5.06 3.70
8.2 4.2) 5.02 3.68
21 5.84 3.50 2t 4.90 4.94
5.88 882 4.90 5.02
2 6.30 6.08 22 6.95 7.20
6.34 6.00 6.99 7.26
24 6.95 5.2 23 6.73 5.22
6.95 3.10 6.83 5.36
24 7.94 6.78 23 5.32 3.88
7.94 6.69 5.34 3.7
25 5.92 7.58 25 4.8} 4.60
5.92 7.58 4.86 4.60
26 R4t 6.6¢) 27 6.52 .86
8.26 6.582 6.48 3.80
27 855 4.52 27 6.04 4.21
. 8m 4.52 6.00 4.36
3 5.82 §.22 3 5.96 5.18
5.76 L3 )] 5.80 3.16
37 7.33 4.06 34 5.80 5.86
1.26 4.06 5.63 .73
3 . 6.60 3.84 s 6.60 5.26
6.82 L7 . 6.52 3.26
3 4.30 . 39 6.91 3.96
4.30 5.7, 6.78 3.86
43 6.28 8.35 47 3.76 5.22
6.40 8.28 5.69 s.30

Range 4.12 8.72 2.60-8.38 4.81-9.16 3.68-7.70

Average 6.48 .27 . 6.24 4.85
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In an experiment to determine the relative potencies of 8 similar cardiac
substances, the method used was to infuse slowly a suitable dilution of a
drug into an anesthetized cat. The dose at which death occurred and the
weight of the cat's heart was recorded. In the following table y = 100
log (dose in pg) and x = 100 log (heart wt. in gms.). Four observers each
made 2 determinations on each of 8 days and a Latin square design was used
to eliminate observer and time differences. The drugs are denoted by the
letters A through H, where A is a standard. (The top figure in each cell

is y, the bottom figure is x.)

Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8

°:S° ¢ 75 {F 77 | A 52 {E 70 |c 65 |D 47 |B 37 | u 63
o 91 77 102 102 ‘84 85 73 84
obs.

> E 81 |D 58 |G 7646 |A 54 |F 62 |1 69 |cCc 59 | B 59
o 76 90 116 87 93 79 105 71
obs.

’ H 94| c 8 | F1046 | c 66 | E 94| B 72 | D 82| A 58
o 90 100 102 108 97 90 96 90
obs. .

b B 73| A 59 | 8103 | F 8 |G 8 |c 82 |H 95| D 65

88 82 94 77 88 106 89 83
p.m. .
obs.

: A 2201c 3|3 39D 32|u 43|E 67]c s2{F 34
o 90 81 83 94 95 101 97 66

obs. | ¢ 46 lu 25! D 52| ¢ 59| B 42| A salF 77| E 69
90 81 91 99 90 98 106 101

obs. | ¢ 39|k s6|u 56| B 28| D 52(¢G6 86| A 45| c 70
83 88 95 79 87 100 84 117

obs. | 1 g7 13 82|c 72| 92| A s8|F 92| E 99| ¢ 89
96 . 93, 87 89 87 92 | 90 106
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(continued)
Examine the data for the effects of the different drugs as regards dosage

at which death occurred and ascertain if any information is gained by

using the x data.

The following table gives the results of an experiment to compare the effects
of the drugs Brevatonal (B) and Decamethonium (D) in inducing contraction of
the frog rectus abdominus muscle. Muscles from 20 frogs were used a;a each
muscle was subjected to the drugs in turn. Since the order of application of

the drugs was possibly important, 10 of the muscles chosen at random were

subjected to Brevatonal first and the remaining 10 to Decamethonium first.

Are the drugs equally potent in inducing contractions? State explicitly the
model underlying your analysis and be careful to take order of drug into
account in your model. Make any comments you think relevant regarding the

model and the analysis.
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The classical discussion of efficient sampling design, in the context of

stratified random sampling, assumes a linear cost function
k
Cx=c0+h§‘1 ey, ¢
The most efficient allocation of a given sample, and the sample size
necessary to achieve a given variance of the stratified mean, are computed
using this assumed cost function.

Extend the classical results by calculating the optimal allocation
and minimum necessary sample size to achieve a variance V, assuming each
of the two alternate cost functions

k

1) C= C0 + hzl ch log n

k
(ii) C = C0 + hzl ch(nh + log nh)

Compare the results for each of these cost functions when k=3, and

the W _,

h Sh, ch are:

Stratum wh Sh c

i Y W
1 .3 6 5
2 ) 8 10
3 o2 10 15
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BASIC WRITTEN EXAMINATION IN BIOSTATISTICS

PART 1I

Instructions

a)
b)
c)
d)

e)

£)

ll

This is an open-book 'take home" examination.

Answer any four (but only four) of the five questions which follow.
Put the answers to different questions on separate sets of papers.
Put your code letter, not your name, on each page.

Return the examination to Dr. L. Kupper with a signed statement of
the honor pledge on a page separate from your answers.

Most questions should be answered in the equivalent of less than 7
typewritten pages (300 words per page) and under no circumstances
will more than the first 15 typewritten or the equivalent be read

by the grader.

Most of the attention directed towards causes of motor vehicle deaths
has been focused on the immediate causes, such as tire blow-out, failure to
stop at an intersection, or catastrophic failure of the steering mechanism.
There are other, more fundamental aspects, that make it relatively safer to
drive in particular communities. Climate, population concentration, quality
of roads are ecxamples. Some of these may be more important than others.

A useful source of data related to the U.S. is the World Almanac. For

the data given in tabular form below, examine via regression procedurcs the
relationship between 1964 deaths and the other variables listed. Be sure
to investigate the validity of any assumptions made in developing a statis-

tical model.

1975)



Alab
Alaska
Ariz
Ark
Calif
Colo
Conn
Del
DC
Fla
Ga
Ida
111
Ind
Towa
Kans
Kent
La
Maine
Maryl
Mass
Mich
Minn
Miss
Mo
Mont
Neb
Nev
NH'
NJ
NM
NY

NC
ND
Ohio
Okla
Oreg
Penns
RI

SC

SD
Tenn
Tex
Utah
vVt
Va
Wash
WVa
Wisc
Wyo
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1963 1960 Normal 1964
1964 1960 Road (rural) More Jan. Highway Fuel
1964 Drivers Persons Mileage males than max. consumption
Deaths x10~% / sq.mi. x10~3 females temp. gallons x 1077
968 158 64 66 No 62 119
43 11 0.4 5.9 Yes 30 6.2
588 91 12 33 Y 64 65
640 92 34 73 N 51 74
4743 952 100 118 N 65 105
566 109 17 73 N 42 78
325 167 518 5.1 N 37 95
118 30 226 3.4 N 41 20
115 35 12524 - N 44 23
1545 298 91 57 N 67 216
1302 203 68 83 N 54 162
262 41 8.1 40 Y 36 29
2207 544 180 102 N 33 350
1410 254 129 89 N 37 196
833 150 49 100 N 30 109
669 136 27 124 N 42 94
911 147 76 65 N 44 104
1037 146 72 40 N 65 109
196 46 31 19 N 30 37
616 157 314 29 N 44 113
766 255 655 17 N 37 166
2120 403 137 95 N 33 306
841 189 43 110 N 22 132
648 85 46 59 N 57 77
1289 234 63 100 N 40 180
259 38 4,6 72 Y 29 31
450 89 18.4 97 N 32 61
215 23 2,6 44 Y 40 24
158 37 67 13 N 32 23
1071 329 807 21 N 43 231
387 54 7.8 62 Y 46 48
2745 744 350 84 N 31 439
1580 226 93 71 N 51 177
185 38 9.1 102 Y 20 24
2096 530 23 84 N 41 358
785 137 34 94 N 46 107
575 108 18 73 N 45 81
1889 570 252 89 N 39 353
100 46 812 1.3 " N 38 27
870 122 79 52 N 61 86
270 40 9 87 Y 23 28
1059 i7n 85 67 N 49 135
3006 515 37 196 N 50 448
295 57 10.8 32 N 37 38
131 20 42 13 N 25 15
1050 208 100 50 - N 50 150
730 160 43 59 Y 46 109
467 88 77 32 N 43 54
1039 207 72 87 N 26 141
148 22 3.4 67 Y 37 20
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2. An investigator wishes to study the effect of six different media .
" (A, B, C, D, E and F) on the growth of human amniotic fluid cells in tissue
culture. It is known that cell growth is, to begin with, exponential; i.e.,

the number of cells at time t, Nt’ is given by

N =N eb(t-to)
t 0

where No is the number of cells to start with at time to’ and b is a
parameter that measures the growth rate. Later, as the cells become crowded,
growth slows down and eventually ceases. (in fact, the number of cells may
even decrease). Therefore, in o6rder to grow the cells for a long period of time
in a relatively small culture flask, a small sémple is taken out while the
growth is still (hopefully) exponential and innoculated into a fresh flask; the
original flask is discarded after estimating the number of cells it contains.
This procedure is again repeated, so that the cell line is guccessively cultured ‘
in a series of three flasks. The experiment is thus conducted over three time -
intervals, corresponding to growth in ea;h of these three flasks. The numbers
of cells innoculated at the beginning of each time interval, and the lengths of
the time intervals, are: ‘

First interval: .25 million cells, 12.1 days

Second interval: .25 million cells, 7.2 days

Third interval: .125 million cells, 12.7 or 12.8 days
At the end of each time interval a sample is removed from the growing surface,
and, on the basis of this sample, an unbiased estimate of the total number of
cells in the flask obtained; this is called the "number harvested".

At the start of the experiment 12 flasks are used, two with each of the
six different media in them. Thus, twelve»cell lines, all from the same parent
batch, are_cultured in all, and over the whole experiment 36 flasks are used.

The results are given in the following table.
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Numbers of cells -(in millions) and time intervals (in days).

b)

c)

First Interval Second Interval Third Interval
Medium Cell Cells Interval Cells Cells Interval Cells Cells Interval Cells
- Line Innoc. Harv. Innoc. Harv. Innoc. Harv.
1 .25 12.1 2,20 .25 7.2 2.05 .125 12.7 1.39
o 2 " " 1.93 " " 2.21 " 12.7 1.55
3 " " 2.00 " " 2.64 " 12.7 1.75
v 4 " n 2.39 " " 3,03 " 12.7  2.15
5 " " 2.11 " " 2.24 " 12.7 1.55
¢t 6 " " 2.37 " " 2.42 " 12.7 2.58
7 " " 2.14 " " >2.53 " 12.8 1.53
>t 8 " " 2.76 " " 2.92 e 12.8  2.23
9 " " 2.10 " " 2,10 " 12.7 1.70
et 10 " " 2.15 " " 1.78 " 12.7 1.79
@ . {11 " " 1.18 " " 2.21 " 12.8 1.42
12 " " 1.49 " f 2.49 " 12.8 1.20
a) Note that the second time interval was made shorter and that a smaller innoculum

was used for the third interval. This was done because the experimenter felt that
at the end of the first interval growth was no longer exponential. Do the data
support this view? 1Is there any evidence that growth was no longer exponential at
the end of either the second or third interval?

For each medium, cstimate (together with a standard error) the number of cells that
would be harvested if the initial innoculum of .25 million cells were to grow ex-
ponentially, in one large flask, over a total interval of 32 days. Are your esti-
mates unbiased? If not, indicate the direction and approximate magnitude of the
biases.

Does this experiment provide evidence that the different media do in fact cause
differences in the growth rates?
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A study was conducted to determine the efficacy of cholestyramine to lower
lipid levels in patients with hyperlipoproteinemia. 47 outpatients (39 with
type IIa and 8 with type IIb hyperlipoproteinemia) were studied in a crossover
double~blind design. The study consisted of four periods. Period I ran for 3
weeks, or until three weekly lipid measurements were stable. Period II consist-
ed of 4 weeks during which the patient received either cholestyramine or placebo,
followed by.another four weeks (period III) of ?he alternate medication. Period
IV consisted of a final 3 weeks without administration of either cholestyramine
or placebo. Fasting blood samples were obtained at the end of weeks 1, 2, and 4
of periods II and III and after weeks 1 and 3 of period IV for determination of
1lipid levels: total cholesterol, -triglyceride and low-density lipoprotein (LDL)
cholesterol.

1) Appropriately analyze the data reported in the table, and summarize your
conclusions.

2) Outline briefly how you would proceed i1f you had been given all the data
to analyze.

3) Comment on the study design and suggest any improvements (stating your

Yeasons.)

NOTE: An attempt at an analysis of these data can be found in Levy et al, Annals

of Internal Medicine, Vol 79, No. 1, July 1973, pp. 51-58. A copy of this

paper is attached. Although you may read this article, your answer should
be based solely on the question as stated. It should not make reference to

any of the analyses or other information. present in the article.
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Clinfeal Deta for Patients vith Typs 1t Hypartipoprotainemla®

Sev At the Start of Trial . End of $th Week of Cholestyranune
Weight eight Total Triglycende LDL Type Total Trighyceride 18
Chalesterol Cholestero! Cholesterol Cholesterot
¥4 cnt L et - mg/l()() ml o e—ee ) ————e my /Il)‘) ml .
K kx 164 352 242 294 Itb . 302 251 bAR)
M 7 18] 376 124 328 Jla 300 ™ 240
¥ (4] 176 N 128 288 Ia 292 103 . 210
¥ 73 -1 336 92 258 Iin 216 1R M
.\ 77 178 IR0 163 kP3| H " 310 165 2N
¥ 3 164 »3 108 218 lia - 250 170 189
1 X1 67 19 164 108 26 Ia 286 6 2
M 70 176 274 [ 2] 222 la 242 114 180
F 61 159 i8) 104 328 ia 276 - 106 2y
M 82 187 362 1 298 b a5 256 202
M N 176 st . 120 268 a 304 196 M8
M 82 178 A 120 2258 Ha 267 162 192
M (3 1R} A k2] 280 s 205 86 2
F 50 160 286 s} 222 Ita 218 70 173
M 7 170 Ms 80 254 1fa 166 - %2 141
Y 3] 168 452 M4 389 1ia 288 105 226
r 76 (R1} q4m £0 by )| {la 32 137 289
| X1 B2 172 M6 172 258 Ila 310 a» 28
M H 165 266 219 182 1ib 173 158 100
B &) 152 ol 40 219 1ls . 305 76 ) 215
M 72 172 . 270 132 198 1la 221 180 155
r 34 164 3sS 58 292 1la 264 . 56 X
3 50 166 302 - 104 217 tla 212 R 122
M (4] N m 93 33 lia 311 153 Q™M
M 72 172 220 132 198 Ia 246 20 162
M 24 m 316 17 241 b 234 137 172
M 92 172 320 96 258 Ila 203 . 143 207
M s 176 262 58 205 la 212 _ 38 134
M 72 173 288 132 220 Iia. - 208 117 126
F 67 163 406 156 M7 S 1 £ s 138 - 265
M 70 180 34 100 261 Ia 222 113 178
M 79 173 446 124 382 lia ot} 142 224
M (44 180 34 197 314 1{1.3 310 297 212
M. 4 180 280 82 210 1ia 183 &4 ; 138
M (4] 163 304 . 210 241 I1b 266 262 ' 191
M 79 176 210 54 . 164 1a 161 . 18 94
F 61 158 450 226 354 . 1 ¢ 330 284 236
r 86 159 N7 78 251 Ia 234 70 151
M 20 171 - 320 280 239 11b 261 216 161
M 7) 1)) 370 146 316 Ha 249 120 : 200
M M 17 237 82 181 Ha 193 134 123
1Y 74 163 316 105 - 268 - Na 284 130 224
M 48 168 h 2B 84 266 Ha 248 68 174
M 80 178 319 123 : 274 lin 276 160 ° 215
F 39 158 406 3o 323 Ila . 257 54 186
F - 82 175 259 92 205 S 1 198 . 98 136
F 64 164 £).2] 128 498 ila 38 162 291

T

o LDL = lowatensity hipopivteln,
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The following data was collected on four experimental animals divided into
two groups: Control and those that received Saline and Potassis treatment.
The measurements record the size of an induced tumor in cm® as a function of
time.

Saline & Potassis Control
Days After
Transplantation Animal/ #478 #482 #430 #448
12 .0963 .0848 108 2263
14 .780 .583 1.42 1.40
16 1.57 1.67 2.49 2.52
19 4.76 4,36 7.11 9.90
21 5.11 5.43 7.55 9.48
23 8.03 8.36 10.9 13.1
26 13.2  12.4 13.2 16.8
28 19.2 17.5 17.6 18.4
30 23.9  18.0 25.0 22.0
33 32.8 23.7 28.5 30.3 B
35 35.3 22.9 28.2 31.4
37 39.3 27.7 33.3 35.2 .
41 55.1 40.5

The goal of this study was to ascertain the effect of the Saline & Potassis
treatment on tumor growth. Examine the relationship between tumor size and -
time for each animal and perform appropriate tests to ascertain the effect

of the treatment. Can the same general equation form suffice for each animal?
Be sure to discuss any assumptions you make in your analysis.
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This is a '"sampling' problem,

Background

Data are available, in the form of a computer printout, on every member

of two populations, denoted Population AA and Population BB. Table 1 describes

the format of the printouf. The variables available are further described as

follows:

o))

(2) .

(3)
(4)
(5)

(6)

Problem

Population: self-evident (AA has 5806.members; BB has 6597)

I.D. number: Each member of each population has been assigned an
I.D. number, which is unique within its population. Assignment

of numbers is sequential; so far as is known, order of patient
presentation is biologically irrelevant.

Sex: self-evident

Age: self-evident

Constituent X: A blood sample was taken from each individual and

the concentration of constituent X measured. The toncentration ié
reported to the nearest milligram per deciliter (mg/dl; one deciliter
= 0.1 1liter) of plasma.

Constituent Y: Constituent Y is another blood constituent, somewhat
like X. 1Its concentration is determined in a manner similar to the X

concentration and reported in the same units, mg/dl.

The objective of your study is to determine the extent to which populations

A and B are related with respect to the distribution(s) of blood constituent con-

centrations.

Distributions of constituent concentrations are known to be different

for males and females, so there are actually at least two problems, one for males,

one for females. Constituent levels are also related to age.

-
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The parts of the problem are as follows:

(1) Define and carefully describe any parameters you will estimate, models
you will use, hypotheses you will test, etc., and concisely describe the
statistical analyses you will perform to achieve the objectives of your
study. Define as few parameters, etc., as necessary to achieve the
objectives.

(2) Design a sampling scheme for collecting the data from the computer
printout to perform estimates, etc., called for in part (1). In designing
your sampling scheme you should try to optimize the amount of information
you will be able to collect, subject to the restrictions described below.
Carefully describe your sampling plan, and any motivating or necessary as-
sumptions.

(3) Execute your sampling plan. You may check‘out a copy of thé computer
printout from Ann Moneyhun for a period of one hour (maximum!). In this
hour you must collect the data according to the sampling plan described in
part (2). You must submit your raw data sheets (for thisvpart) as an
appendix to your examination paper for this problem.

For your convenience in designing your sampling scheme several pages

of the printout are reproduced at the back of this‘problem. You may look at the

- printouts in the departmental office, but yoﬁ must check out the printout to

collect youf data. Printouts may be checked out and returned only during standard

UNC office hours.

(4) Perform the statistical analyses described in part (1) and interpret the
results. Be concise but complete. Specify assumptions underlying your
analyses.

Warning: This problem is designed to test your mettle as a statistician,
not as a data processor, although you must collect and process data. Our main in-

terest is to see if you can propose a reasonable analysis, design a reasonable sam-

pling scheme, execute the sampling plan, and analyze and interpret the results.
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Note that we want reasonable work, within the context of time and resources

available, not an exhaustive piece of work!

EDITORIAL NOTE: The original examination included four ("several') pages

of the printout, but only one is reproduced here.

TABLE 1

FORMAT OF DATA PRINTOUT:

Print Field
Position _ Description
1-2 Population identified (AA or BB)
3-7 Subject I.D. number
9 - Sex code
{1 = male
2 = female
15-16 : Age (in years)
19-22 Constituent X, in mg/dl
24-28 Constituent Y, in mg/dl

Sorting: Major sort field: Population code
Minor sort field: Subject I.D. number
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BASIC WRITTEN CEXAMINATION IN BIOSTATISTICS

PART 11

(issued 10a.m., Monday, January 26, 1976; due 10a.m., Monday, February 2, 1976)

Currently tunds for crime prevention for various counties in a parti-
cular state are allocated according to the proportion of the number
of offenses in the county to the total number of offenses in the state
during the most recent calendar year. However, it is indicated that
the information obtained in the current manner on the number of
offenses was highly suspect and may not reasonably represent the
true number. Since the program that the division conducts covers
the entire spectrum of criminal justice, it is suggested that uses
of variables related tocorrectional and court activities and other
related information be made to improve the index based on the num-
ber of offenses. The information collected on these variables for
the most recent calendar year for the 21 counties of a state is
given in the attached Table 1. |
(1) Using the additional information provided propose an allocation
of $1,000,000 to the 21 counties. State all of your assumptions.
Discuss the merits and demerits of the procedﬁre.
(2) If it is assumed that the individuals in a given county accu-
mulate offenses during a given time period according to a
Poisson distribution, discuss how one would modify the proce-

dure.



II.
ITI.
1v.

VI.

Countz

Number
Number
Number
Number

Number

975
3749
2785
1324
2769
6276

14677
9982
12691
1441
13068
1685
5318
8928
1901
4127
1740
4554
1689
360
746

of offenses
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TABLE |

I1 ITI Iv v
81 44 110 299
210 96 284 257
188 63 180 313
125 35 98 257
262 57 241 224
372 143 491 30S
553 321 879 107
448 214 613 202
455 317 740 312
186 60 130 151
466 340 735 241
209 60 144 247
329 143 263 217
303 183 296 144
295 115 173 128
320 100 227 164
173 79 16 112
232 138 252 341
242 126 213 253
57 17 36 182
114 25 72 182

of misdemeanors jailed

of felons jailed

of full time officers in the area

of persons put on probation

Total population

VI

115,003
226,762
163,229
139,839
233,629
333,504
564,356
452,078
547,140
120,849
562,162
131,565
242,457
321,797
152,873
174,342
147,158
266,321
177,108

38,254

- 58,045
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. BACKGROUND

Rescarch and general considerations clearly indicate that there
are disparities in the utilization and accessibility of health care
services among various groups in the society. Among the factors
known to affect utilization of health services is income. One
might therefore expect to find differences in measures of the level
of health among various groups in a population due to differences

in economic characteristics.

OBJECTIVES OF THE SURVEY

The North Carolina Department of Human Resources prepares
annually an analysis of the perinatal moftality experience among
all hospital deliveries that occur in each of the states' 100
counties. Annual data on Yi = number of live births, w, = number
of neonatal deaths and 2, = number of post neonatal deaths for
each county (i=1,2,...,100) are published in two volumes
(Maternal and Child Health Statistice: Live Births,.FetaZ Deaths,
Neonatal Deaths, Postneonatal Deaths, Val. 1 — Alamance to Iredell
and Vol. 2 — Jackson to Yancy. N.C. Dept. of Human Resources,
Division of Health Services, 1972 and 1973); The aim of your
study is to determine on the basis of a sample survey of the
counties in the state whether there are differences.in the 1972
infant mortality ratio of counties having different levels of
income, besides obtaining an estimate of the infant mortality

ratio in 1972 for thc state as a whole.
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POPULATION TO BE SAMPLED ' .
The populations about which information is wanted arc denoted
and defined as tollows:
Group l: Counties constituting the first quartile of the -
distribution of N.C. counties by median income of
residents.
Group 2: Counties consituting the second quartile of the
distribution of N.C. counties by median income of
residents.
Group 3: Counties constituting the third quartile of the
distribution of N.C. counties by median income of
residents.
Group 4: Counties constituting the fourth quartile of the ' .
distribution of N.C. counties by median income of
residents.

Group 5: All counties in the state of N.C.

DATA TO BE COLLECTED
For the purposes of this study the infant mortality ratio

(IMR) is defined as

X

MR = ¥ - year of lifc of those born in 1972

Number of live births in 1972

[?umber of children dying during the firsf]

Usually this measure of health status in a community is termed the
infant mortality rate. The statistical information required for the

problem arc:
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(a) IMR,: the estimate of the population ratio for group 1.

t9

(b) Iﬁkz: the estimate of the population ratio for group

(c) Iﬁhs: the estimate of the population ratio for group 3.

(d) Iﬁh4: the estimate of the population ratio for group 4.

(e) IMth: the estimate of the population ratio for the state
as a whole.

(f) The estimated variances and standard deviation of each of

the above estimates.

THE FRAME

For your convenience an alphabetical listing of the 100 counties
in North Carolina is included as an addendum to this problem. The
construction of the sampling frame is your responsibility. The frame
should be the list of N.C. counties ordered by median income of fami-
lies and unrelated individuals. Specify the source of the informa-

tion used in the construéting of the frame.

SELECTION OF THE SAMPLE
Draw a stratified random sample of counties of size n = 20
allocating the total sample size among the strata so that n, = 6,

n, =4, n3 = 4 and n4 = 6.

ORGANIZATION OF WORK
(1) Design a record form for collecting the data from the vari-
ous sources to perform the estimates called for. Your record
form should be ncat and concisely identify all of the informa-
tion you will need to collect. Space should also be provided

for the name and rank order of the counties sampled.



(2)

(3)
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Construct the sampling frame and select the sample. State
the procedure by which you drew the sample.

Record the sample data on your record form. You may check

out a copy of the N.C. Department of Human Resources report

for a period of one hour (maximum!{). You must submit your
raw data as an appendix to your examination paper to this

problem.

SUMMARY AND ANALYSIS OF THE DATA

1)

(2)

Calculate the estimates (a)-(f) referred to under DATA

TO BE COLLECTED. Describe the estimators used and their

properties. Specify the assumptions underlying your cal-

culations.

Perform any other analysis necessary toprovide an informed

answer to the following questions:

(a) What do you conclude aSout the differences in infant
mortality risks among the four sub-populations?

(b) Did stratification help to reduce the variance of the
estimate of the infant mortality fatio for the entire
state?

(c) A count of all live births in N.C. for 1972 results
in a value of Y = 88,894, Let X by the estimator
of deaths based on the sample design used in the pro-
blem. Consider the estimator

R . = X/Y
Is it preferred to the estimator of the infant morta-

lity ratio for North Carolina that you used? Wwhy?



COUNTIES

ALAMANCE
ALEXANDER
ALLEGHANY
ANSON
ASHE
AVERY
BEAUFORT
BERTIE
BLADEN
BRUNSWICK
BUNCOMBE
BURKE
CABARRUYS
CALOWELL
CAMDEN
CARTEREY
CASWELL
CATAWBA
CHATHAM
CHEROKEE
CHOWAN
CLAY
CLEVELAND
coLuMBUS
CRAVEN

CUMBERL AND

CURRITUCK
DARE
DAVIDSON
DAVIE
DUPL IN
DURMHAM
EDGECOMBE
FORSYTH
FRANKLIN
GASTON
GATES
GRAHAM
GRANVILLE
GREENE
GUILFORD
HAL IFAX
HARNETT
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HAYWOO0D
HENDF RSON
HERTFORD
HOKE

HYDE
IREDELL
JACKSON
JOHNSTON
JONES

LEE

LENOIR
LINCOLN
MCDOWELL
MACON
MADISON
MARTIN
MECKL ENBURG
MITCHELL
MONTGOMERY
MOORE

NASH

NEW HANOVER
NORTHAMPTON
ONSLOW
ORANGE
PAMLICO
PASQUOT ANK
PENDER
PERQUIMANS
PER SON
PITY

POLK
RANDOL PH
RICHMNND
RNBESON
ROCK INGHAM
ROWAN
RUTHERFORD
SAMPSNN
SCOTLAND
STANLY
STOKES
SURRY
SWAIN
TRANSYLVANIA
TYRRELL
UNTON

" VANCE

WAKE
WARREN
WASHINGYON
WATAUGA
WAVYNE
WILKES
WILSON
YADKIN
YANCEY
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SCIENT1FIC BACKGROUND

Human blood contains a number of fatty substances, called lipids or

lipoproteins, the most important of which are various forms of cho-

lesterol and triglyceride. Pure fats are insoluble in human serum,

which is awater-based solution, but in the blood fat molecules are

combined with water-soluble proteins in a form called lipoproteins.

Lipoprotein molecules come in a broad spectrum of weights and,con-

sequently, lipoprotein materials come in a variety of densities.

Given a sample of human serum (human blood with all cells — red,

white, platelets, etc. — removed) one classical method of per-

forming a quantitative analysis of the lipoproteins begins with

ultracentrifugation of the sample. After ultracentrifugation the

sample is stratified into approximately 4 distinctive layers con-

taining, from top to bottom,

VLDL: Very Low Density Lipoprotein
LDL: Low Density Lipoprotein

1.063 Saline: Essentially a salt water solu-
lution with a density of 1.063

HDL: High Density Lipoprotein (contains pri-
marily cholesterol)

One can separate the two fractions (above and below the 1.063 saline)
and analyze these by standard methods to determine the concentrations

of cholesterol and triglyceride in each of the two fractions.

—/

The

concentrations of VLDL, LDL and HDL in the blood are believed to be

related to the risk of contracting heart disease.

VLDL -
LDL

1.063 Saline

HDL
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Ultracentritugation is a difficult, expensive, time-consuming
method. A new procedurc has been developed in which VLDL and LDL
are precipitated (removed) from a serum solution by a Heparin-
Manganese solution and the remaining solution can be analysed for
HDL concentration of cholesterol. The LDL-VLDL cholesterol con-

centration can then be obtained by subtraction because
[CH(VLDL) + CH(LDL)] + CH(HDL) = CH(TOTAL),

i.e., total cholesterol concentration equals the sum of the con-
centrations of the two fractions (the»threg iaye:s).

VOnecomponent of VLDL, called "sinking pre-beta'", is very 'sticky"
or '"tacky'", and may physically interfere with the Heparin-Manganese

precipitation.

The Experiment

Five laboratories participated in a collaborative experiment
to determine:

(1) If there is a substantial systematic difference between
the ultracentrifugation method and the Heparin-Manganese
precipitation method for quantitative analysis for HDL
cholesterol;

(2) If the presence of sinking pre-beta has a significant
effect on either type of analysis;

(3) Whether the difference (if any) between the two types of
analysis is related to the total cholesterol and/or trigly-

ceride concentration in the sample;
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(4) Whether the difference (if any) between the two types of
analysis exhibits substantial lab-to-lab variability

(which could indicate differences in lab methods).

Of course, in addition to statistical tests the investigators want
to know the magnitude of the effects indicated above,
Each lab obtained a number of "typiéal" serum samples. The
lab made the following determinations:
Total cholesterol (mg/dl)
Total triglyceride (mg/dl)
Presence or absence of sinking pre-beta -
HDL cholesterol concentration (mg/dl) by the ultracentrifugation
method
HDL cholesterol concentration (mg/dl) by the Heparin-Mn preci-
pitation method
Unfortunately, one laboratory did not perform the sinking pre-beta
determination and another laboratory did not report the total cho-
lesterol determinations.
The data, as reported by the laboratories, are shown in Table 1.
The data were keypunched into cards; the format of the cards is given
in Table 2.
Analyze the data from this experiment. A card deck is available

from Anne Moneyhun.
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Table 1
HOLOY 3 273 146 0 43 35S
] 7] [
"HELD1 1 Zen 225 2 uu 39 HOLOY1 3 312 172 0 4o 2
_ HDLD1 1 273 262 2 34 34 “TTHDLOLTT ¥ 264 232 0 45 w07
HOLDL 1 252 074 2 49 %2 B HOLO1 3 262 145 ¢ 28 25
HOLO1 1 238 118 2 S1 51 HOLO01 3 240 101 0 33 33
HOLOT 1 233 167 2 47 46 HOLO1 3 307 258 0 40 35
___HOLO1 1 267_064 2 49 49 ACTCo1 3 31+ 325 ¢ 37 37
APLO01 "1 267 135 2 47 51 HOLO1 3 247 173 r 46 40
HOLG1 1 290 179 2 37 38 HCCOT ()
HOLO1 1 270 227 2 46 43 HOLO1 3 329 165 0 47 46
HCLO1 1 263 231 2 38 38 ACLO01 3 24% 118 €
HOLO1 1 25¢ 141 2 &7 u6 HOLO1 3 299 125 n 41 41
HOLO1 1 309 108 2 43 43 ACL0T 3 2
HOLO1 1 223 083 2 49 49 HDLO1 3 260 123 n 31 31
HoLol 1 218 126 2 40 40 a 191 0 33 27
HCLO1 1 28¢ 162 2 44 S2 HOLO1 3 32= 1u8 ¢ 38 39
HOLO1 1 296 124 2 49 49 ADL0I 3 264 086 0 43 u2
HCLO1 1 313 185 2 47 ue HOLOY1 3 262 154 40 41
HOLO1 1 195 184 2 46 42 AbLol 3 270 134 0 43 42
HOLO1 1 237 063 2 8 S5 HOLO1 3 318 180 0 37 36
HOLO1 1 27, 137 2 54 S5 HOLOT 3 2%~ TI49 n 36 36
HOLO1 1 300 068 2 51 53 HDLO1 3 28~ 130 0 53 55
HOLG1 1 19, 127 2 43 39 ABLol % 316 274 0 36 33
HOLO1 1 27&% 209 2 32 32 HOLOY1 3 361 126 1 46 43
HDLO1 1 18R 4S%¢ 2 31 27 ACLOT 3 265 153 1 T3 5&
HCLO1 1 16~ 076 2 S50 48 HOLO1 3 248 092 39 40
HOLO1 1 364 256 2 44 45 HOC01 “3“373"!33”1“53“56”"‘"
HOLO1 1 269 226 2 €6 648 HOLDYL 4 224 328 ¢ 27 2¢
HDOLO1 1 384 182 2 23 37 HOLoT & 152 065 ¢ 51 4S8
HOLO1 1 351 127 2 39 uh HOLO1 4 1%2 065 0 49 47
HCLO1 1 332 164 2 43 44 HOLo1 & 242 218 © 47 u0
AOLO1 1 302 360 2 26 26 HOLO1 4 293 136 0 S6 55
HOLO1 2 276 096 0 44 45 HOLO01 & 219 1168 0 u4 &1 -
HOLO1 2 294 195 0 43 4% HOLO1 & 21% 104 0 S9 57
HOLO1 2 249 2C3 0 48 49 ADLO01 & 258 152 0 46 4%
ADLO1 2 287 111 0 4& u7 HDLO1 4 185 198 ¢ 29 28
HOLO1 2 222 059 0 8% 82 HOLO1 & 312 B4a4 ¢ 35 34
HDLO1 2 235 135 o 37 38 HOLO1 & 239 3up 0 34 27
HOLOY 2 255 098 C 46 46 HBLDT % 151 0% ¢ 40 36
HOLO1 2 13% 063 € 40 4C HOLO1 4 201 109 31 44 50
HOLO1 2 122 044 0 43 4b HOLO1 & 20+ 109 1 4§ 52
abLol 2 171 103 ¢ 61 64 HOLOL & 160 052 1 46 46
HOLO1 2 260 227 0 57 S8 ABLOYT G 226 248 1 oL U0
HOLO1 2 261 26¢ 0 S2 55 HOLO1 4 206 142 1 43 44
HOLO1 2 237 157 0 S0 49 ROLO1 & 280 176 1 s6 &€
HOLOT 2 295 16%F 0 48 49 HOLO1 S 175 0 57 53
HOLO1 2 397 167 0 49 52 HOLO1 S5 13¢° 0 59 54
01 % 145 1 39 40 HOLO1 5 116 0 47 48
HDLOI 2 261 119 1 44 47 109 0 48 48
HOLO1 2 339 168 1 44 63 HOLO1 5 166 0 %2 51
HOLO1 2 280 247 1 37 42 AOLG1I 5 £33 055 2
HELO1 2 324y 092 1 €2 59 HOLO1 S 079 G 47 48
HOLO1 2 161 068 1 40 40 HOLO1 5 262 0 61 62
APLoT 2 26= 240 I A3 76 HOLOY 5 122 ¢ 40 40
HCLO1 2 171 056 1 5% S6 HOLO1 5 O0f0 0 43 43
HOoLol 2 4@ 0931 56 57 HOLO1 S 090 0 %8 56
HOLO1 2 280 306 1 64 &7 TURBLOY %5 Tite 0 8¥ Sy T
HECLO1 2 349 aoa 1 39 42 HOLO1 5 254 1 44 u4g
HOLO1 2 19, 115 1 53 57 ROLoL 135 1 46 47
ACLo0T 2 223 162 1 t6 &0 HOLO1 S 093 1 57 S7
___hoLo1 2 263 103 1 48 54 ADLO1 S 323 1 46 55
HOL01 273137168 1 51760 HOLO1 S 180 1 43 42
HOLO1 2 254 147 1 49 56 —-HoLo1 S5 T 224 1 44 g 7
THOLO1 2 254 2761 3& G2 HOLO1 S 165 1 %56 57
HOLO1 S 660 1 24 32
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Table 2 Format of HDLO1 Cards . .

Column Description
1-5 'HOLO1' - Card type identifier

8 Lab identifier ('1','2','3','4', or '5")
10-12 Total cholesterol measurement, mg/dl.

(Blank if total cholesterol not determined.)
- 14-16 Total triglyceride measurement, mg/dl.
18 Code for presence floating prebeta

0 - Not present
1 - Present
2 - Not determined

20-21 HDL cholesterol, as determined by Hepar1n Manganese
precipitation, mg/dl.

23-24 HDL cholesterol, as determined by ultracentrifugation .
technique, mg/dl. .
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Supposc that under the mcthod of obtaining automobile registration

plates and certificates in the State of North Carolina, the times

that individuals must wait in line to obtain such registrations are

independent and identically distributed with an exponential density

having unknown mean 6.

(a)

(b)

(c)

(d)

Let tisty,e oty be the waiting times of a sample of n
such registrants. Discuss small and large sample inference
of the parameter 6.

Suppose that in a sample of n such registrants each person
can only report whether or not he waited more than TO units
of time, where To is a specified number. Discuss small and
large sample inference of the parameter ©O.

Generate a random sample of 20 observations from an exponen-
tial distribution with mean € equal to 15 minutes and
describe yﬁur procedure in detail. With To = 10 minutes
for part b, illustrate procedures sét out in parts a and b
and compare inference with large samples for these two situ-
ations.

If you were going to conduct interviews to make inferences

about 6 using the method in part b, derive a reasonable

choice of To.
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The attached article appeared recently in The Chapei Hill Newspaper.
Parents are concerned about the varying quality of schools within
the Chapel Hill School District and their comparison with schools
nationwide. Perform a descriptive analysis of these data cxcluding
the grade 9 data.

The data are available from Anne Moneyhun in the form of punched
cards. The format of the cards is defined in the following table.

ACHIEVEMENT TEST SCORE DATASET

COLUMNS DESCRIPTION

1-2 Organizational source:
Codes: CA Carrboro
CH Chapel Hill System
CU Culbreth
ER Ephesus Road
EH Estes Hills
FP Frank Porter Graham
GL Glenwood
NA National
PH Phillips
SW Seawell
3 GRADE (3rd, 6th, 9th)
YEAR ('73, '74, '75)
6-9  VOCABULARY
LANGUAGE SKILLS

11-14 Reading
16-19 Spelling
21-24 Capitalization
26-29 Punctuation
31-34 Usage
36-39 Total
WORK STUDY SKILLS
41-44 Maps
46-49 Graphs
51-54 References
56-59 Total
MATHEMATICS
61-64 Concepts
66-69 Problems
71-74 Total

76-79 COMPOSITE
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FRIDAY, DECEMBER 19, 1975

Section B

~ Achievement
Test Scores

Are Released

By JIM BEAMGUARD
Staff Writer

The achievement test scores of in-
dividual schools, which some teachers and
officials of the Chapel Hill-Carrboro
Schools still feel should be kept secret,
were made public today.

“I'm fairly pleased with the scores,”

sald George Fleetwood, director of -

secondary education for the school
system. ‘‘They show good achievement for
all the schools.”

In responding to a petition signed by 81
local citizens, the School Board
unanimously voted to release the school
by-school scores of the lowa Tests of Basic
Skills for 1973, 1974, and 1975.

The 1975 scores were released eight days
ago upon written demand of this
newspaper. The School Board’s attorney
advised the school superintendent that the
North Carolina Public Information Act
authorized public access to the scores.

The lowa test measures the per-
formance of students in relation to
national averages, set up in 1970. Local
scores place several schools below the
national average, and indicate that the
weakest basic skills relative to the
national average are in mathematics.

Fleetwood said the scores have their
most value in comparing the entire school
system with the national average, and in
comparing individual students to both the
school system average and the national
average.

Individual scores of students have
always been available to parents, and the
system's scores have been released by the
school system as soon as they have been
compiled.

The school administration printed
several hundred coples of the school-by-
school scores to be handed out to in-
terested persons today. Attached to the
scores, as the school board asked, is a
statement prepared by Fleetwood which
offers ‘‘considerations in . interpreting
grade-equivalent scores.”

One consideration is that the tests do not
indicate what the level of achievement of
local students should be. “Whether these

average scores are high or low depends .

upon 3 number of factors, some of which

are beyond the school’s ability to control,
but have been shown to contribute to
school achievement. Some of the more
significant are pre-school readiness,
ability, educational level of the parents,
and economic status of the family,” the
report states.

Fleetwood pointed out that there are
students at every grade in all the schools
whose scores are high above the national
averages. “‘Half the students in any one
school are likely to be above the national
average,” he said.

The School Board members expressed’
fears that the teachers in schools whose

students score lowest would be criticized
for their student’'s performance. The
teachers of Carrboro Elementary, in fact,
publically asked the board to withhold the
scores of individual schools.

In the past three years, Carrboro third
graders scored below the national average
every year in reading and concepts, yet
their composite scores were only below the
national average in 1973. Seawell is below
the national average in 1974.

‘“The third grade scores are fairly stead-
y.”" Fleetwood said, *'showing a fairly
stable achievement program. That's about
as much as you can say.

“The sixth grade trends aren’t as
clear,” he continued. “‘Some are up and

. some are down at just about every

school.”

Carrboro sixth grade scores are below
the national average every year in every
subject, and Seawell scores are below the
national average in capitalization, maps,
and the three mathematics tests every
year. But the composite sixth grade scores

_ for the entire system fall below the

national average only in 1974, and the

- weakest performance is in mathematics

and maps each year.

In the ninth grade results, Culbreth has
been consistently below the national
average, while Phillips has been con-
sistently above it. The composite scores
are below the national average. showing a
slight increase in 1974, then falling below
the 1973 level this year.

“Most of the Culbreth feeder schools
(schools graduating students to Culbreth)
are the schools with lower scores,”’
Fleetwood explained. *“That may account
for some of the difference.”

He emphasized that because a school
has lower scores than another, it by no
means indicates that one school is better
or worse than another. “‘I think the schools
have scored fairly close together,” he said,
adding that he still does not believe release
of school-by-school scores is a good idea.

“What is normal and average is dif-
ferent for each child,” he said. ‘“The same
istrue of the schools. They have a different
constituency. Racial balance is the only
balance attempted.”

“And it is 8 commonly accepted feeling

- that a school should teach more than

reading, writing and arithmetic,” he said.
“Not all school time is devoted to basic
skills. “There are programs such as music
and physical education, and we have other
ways of evaluating these programs.

“If the scores did not meet our ex-
pectation, we would be really concerned,"”
he said.

The scores are based on a 0-13.0 range of
skill developinent. For scores between 3.1
and 8.1, the first digit represents the grade
and the second digit, the month within the
grade in which the typical student makes a
corresponding score.

Scores below 3.1 are estimates because
younger students do not have the skills
necessary to take the test, and are
estimated above 8.1 because basic skilis
tend to level off above the eighth and ninth
grades.
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IOWA TESTS
OF BASIC
SKILLS

Third Grade

Dates Tested
4/73
4/74
4/75

TEST W: WORK.STUDY SKILLS

Tty | Tt e TEST L: LANGUAGE SKILLS TEST M: MATHEMATICS con
VY | "D [wsiuma[camTa ] eunc | ysaae | totar | mars | anasus ) REFER. | voTaL iLems] TOTAL POSITE
ARSI ININA N
3.76{ 3.87) 3.90] 3.87} 3.89] 3.90] 3.90| 3.79] 3.80| 3.79] 3.79] 3.82] 3.68} 3.76 3.80
3.87] 4.26 | 4.65] 4.33} 4.49] 4.32] 4.45} 4.11] 4.06] 4.08f 4.08] 3.97] 4.01] 3.99 4.13
4.08) 4.16) 4.62f 4.25] 4,47} 4.31] 4.61] 4.26] 4.20] 4,04} 4.09{ 3.96] 3.97] 3.96 4.14
4.06] 4,03} 4.42] 4.11} 4.42] 4.34] 4,32| 4.03] 4.02] 4.01| 4.02] 3.88] 3.93] 3.91 4.07
2.53] 3.70} 4.15] 4.05] 4.19] 4.08] 4.11} 3.80| 3.79| 3.92] 3.84( 3.69]3.65] 3.67 3.57
3.80] 3.67] 4.20] 3.84| 4.13] 3.87] 4.01] 3.82] 3.76} 3.85| 3.81] 3.76] 3.77 | 3.76 3.81
3.88| 3.51] 4.161 3.84) 4.45] 4.07| 4.13] 3.80| 3.92| 3.92| 3.88] 3.65] 3.84 ] 3.75 3.84
4.27] 4.51] 5.17} 4.79] 4.71)] 4.50] 4.79) 4.30] 4.38] 4.24] 4.30] 4.32] 4.1814.25 4.42
3.99| 4.05} 4.54| 4.19} 4.36| 4.39| 4.37| 4.04] 3.94] 3.88] 3.95| 3.88| 3.88 | 3.87 4.05
3.96| 3.88] 4.24| 3.85] 4.06] 4.40f 4.24] 3.90] 3.74| 4.00| 3.88] 3.89] 3.67]3.78 3.93

A
4,150 4.61] 4.66) 4.36| 4.70] 4.41] 4.54] 4.40] 4.08] 4.24) 4.24( 4.03] 6.25]4.14 4.34
4.36] 4.49] 4.97] 4.20| 4.61] 4.55| 4.58]. 4.51] 4.34] 4.33] 4.39] 4.10] 4.08 [ 4.09 4.38
4,15| 4.37] 4.50| 3.95} 4.26| 4.47] 4.30| 4.16) 4.27]| 4.09| 4.17( 3.96] 4.1314.05 4.21
.13 611 4.54 ] 4.08|4.18]4.31]4.28) 4.0673.94]3.95] 3.98]3.92] 3.91[ 3.9) 4.08
4,2916.38[4.79] 4.53 ) 4.71 | 4.461 | 4.61) 4.37]4.45] 4.08| 4.31f 4.11]4.15] 4.13 4.33
4,22 4,06} 4.55] 4.29) 4,614,463 6.47) 4.02] 3.86] 3.98] 3.95] 3.89} 3.83| 3.86 4.11
3.85]4.20] 4.67| 4.65] 4.90| 4.38| 4.65] 4.11] 4.17) 4,24 4.14] 4,02 4.12] 4.06 4.18
4.08) 4.15) 4,721 4.58) 4.52] 4.39] 4.55] 4.11| 4.13] 4,09} 4.11} 4,01 4.05{ 4.0] 4.18
4.1916.29] 4.59] 4.61] 4.57 | 4.40] 4.55] 4.23§ 4.19| 4.03| 4.15| 3.96] 4.13] 4.04 4.24
4.13] 4.45) 4.70] 3.81 ] 4.17] 4.14] 4.20] 3.73] 4.01] 3.92] 3.88] 3.60] 3.79| 3.70 4.07
3.56{ 3.83| 4.01] 3.90} 4.25] 3.97| 4.03] 3.49|] 3.44} 3.61] 3.52] 3.61]| 3.58{ 3.60 3.1
3.97] 4.30] 4.61] 4.42] 4.66] 4.32] 4.50] 4.19] 4.25| 4.03| 4.17] 4.09] 4.08] 4.08 4.20
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BASTC WRI'TTEN EXAMINATION IN BIOSTATISTICS

SPECIAL OFFERING OF PART IL

(issued 10 a.m., Friday, August 13, 1976; due 10 a.m., Friday, Augsust 20 1976)

1. Chcmical analysis for sodium (Na) content was made on trough urinc
samples from each of two collection pcriods, one before and Gne after admi-
nistration of Mercuhydrin, for each 6f 30 dogs. The experimenter used as a
control for the study the analytical results from seven (7) dogs for two
similar collection periods, but without a dose of the mercury compound
between periods. The results are displayed in Tables 1.1 and 1.2.

The data were analyzed by the experimentgr as follows: The means, §i
and x2,' and the standard deviations, ) and S5, Were computed for the
first and second runs and the significance of the difference tested by

£ = 172
2
Sp H’)
where
2 2
52 i (n-l)sl-r(n—l)s2
p 2n-2 :

The t statistic for the experimental group was highly significant and it
was not significant for the control group. The experimenter concluded that
since there was no significant difference between the two experimental runs

on the seven-control dogs, the difference must be due to Mercuhydrin.
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(1) Criticize the experimenter's method of analysis and perform what

you consider to be a correct analysis.

(2) Suppose, for the sake of argument, we consider the experimenter's
statistical technique to be correct, Do you detect a fallacy in

the conclusion he drew from his analysis?

(3) Given the information from this experiment design another experi-
ment for the same purpose with the same total number of dogs.
Estimate the power of your experiment for testing the significance

of the effect of Mercuhydrin.

TABLE 1.1: CONTROL GROUP

Results of Chemical Analyses for Sodium Content on Samples of
Trough Urine for Each of Two Collcction Periods
Without Administration of Mercuhydrin Between Periods

First Collection Second Collection
Period Period

Dog [Na] mM/liter [Na] mM/liter

20a 11,1 9.4

33b 5.1 5.9

34b 6.5 14.8

35b 17.2 15.5

36b 11.8 23.4

37b 6.6 7.3

38b 4.1 8.2
m=an 8.9 12.1
std. dev. 4.7 6.4
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TABLE 1.2: EXPERIMENTAL GROUP

Results of Chemical Analyses for Sodium Content on Samples
of Trough Urine for Each of Two Collection Periods With
3mg Hg/kg of Mercuhydrin Administered Between Periods

First Collection Second Collection
Period Period

Dog [Na] mM/liter [Na] mM/liter
2a 17.5 22.1
3a 9.4 12.0
6a 10.0 15.2
9a 7.4 23.1
10a 8.8 9.8
1la 18.9 26.9
12a 10.8 11.1
13a 8.8 13.6
15a 8.8 12.8
16a 9.2 7.5
17a 8.1 8.1
18a 10.3 27.5
19a 10.1 11.2
21a 7.3 11.0
22a 11.1 15.3
17b 9.4 11.5
18b 8.2 8.4
19b 6.3 12.7
20b 9.7 17.1
21b 7.1 9.5
22b 7.2 11.0
23b 5.3 8.2
24b 14.3 15.8
30b 7.9 9.7
31b 14.1 14 7
'32b 12.8 17.0
39b 12.8 20.2
40b 10.7 13.9
41b 5.9 11.8
42b 3.8 9.0
mean 9.7 13.9
std. dev. 3.3 5.3
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2. Design and conduct a sample survey to estimate the total nuabers and

average chest-height (5 feet above the ground) circumferences of  (a) pine

trees(all varicties) and (b) oak treces (all varieties) on the UNC Campus™

subject to the following limits on resources.

(1)
(2)
(3)

You must do all the field work, i.e., counting and measuring.
The total time available for all field work is 2 hours (120 minutes).
The field work must be performed on Monday, August 16, and nust be

completed before 11:30 a.m.

The objective of the survey is to produce estimates with the maximum possible

precision subject to the limitation on resources. You must:

1.

Choose a sample survey design. Write a description of the design,
justifying your choice of design. Be sure to document the actual
design, including description of randomization techniques, actual

sample sizes, and other particulars of your survey.

Discuss your preparation to execute the survey. Be sure to pre-
sent the data forms to be used in the field. Pre-testsare permis-

sible but the pre-test data must not be a part of the actual survey.

Execute the survey subject to the limitations given above. On com-
pletion of the field work, report to Mrs. Moneyhun so that a xerox
copy of your data can be made. (In case of rain or snow on August

16, contact Mrs. Moneyhun for encouragement.)
Analyze the data and produce the required estimates, including appro-
priate indications of precision. Write a brief presentation of

results.

For the purpose of this problem, the UNC Campus is defined as the area out-
lined on the attached map.
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3. A study of two villages in the Pacific coastal region of Central America
is under way. The purposes of the study are: to document the levels of food
absorption of these free-living villagers, and to assess the impact of
- improvements to their environment, including a piped, chlorinated water
supply. The health benefits expected should be in decreased gastrointestinal
problems, including prevalence of diarrheal disease and malabsorption of food.
- One of the villages serves as the test or experimental village where the
environmental improvements are made, and the other serves as a control. The
basis for the evaluation is primarily a longitudinal sample within each village.
The data presented here represent the baseline information, i.e., the
status of the two villages prior to introduction of the environmental improve-
ments, and data collected one year later.

1. Write a descriptive study of these data, stressing the inter-
relationship(s) of the various measures of absorption of food.

2. A relatively inexpensive measurement of malabsorption is based on
the concentration of D-xylose, a non-metabolizable sugar, in a five-
hour urine collection following ingestion of a fixed dose of
D-xylose. Discuss the use of D-xylose as a predictor of more
definitive measures of food absorption.

3. Although the health benefits would not be expected to appear with
only one year of improved water supply experience, perform a
preliminary analysis to evaluate the effectiveness of the program.

The data are available on punched cards from Anne Moneyhun. The format
. ‘ of the cards is given in the following Table 3.1 along with a brief
description of each variable.

Notes:

(1) "Intake quantities" are measured as follows. Each subject is fed a
diet of known composition and quantity (i.e., the total amounts of
Nitrogen (representing protein), fat, and calories are known). All
food not consumed by the subject is analyzed to determine the total
amounts of nitrogen, fat, and calories not consumed. The intake
quantity (quantity eaten) is the difference (total amount in diet less
amount in uneaten food).

(2) At the beginning of the experiment the subject is fed a non-digestible
dye marker. All feces are collected during the experiment. Feces which
arrive with and following the appearance of the dye in the stools are
"experimental feces' and are chemically analyzed for total quantities
of nitrogen, calories, and fat. Another dye marker is used to determine
the end of the experimental procedure in a similar fashion.

(3) All quantities given are reported in units of amount per person per day.
The actual trial lasts for three days. Total intake and feces quantities
are measured for the three-day period and divided by 3.0 to obtain the
reported values punched in the card.

- (4) GI tract absorption values are computed as:
% absorption = 100 x (Intake quantity - Fecal quantity)/(Intake quantity),
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TAGLE 3.1: DATA CARD FORMAT

Columns Description
1 Community Humber (1 or 2) Community 1 is the control village.
2-5 Individual identification numbar (unique within community)
7 Year in wnhich data are collected, coded as: 3 -- 1973
4 -- 1974
9 Trial number within year. Subjects participated in one or more
trials each year. In such a case trials are conducted in succes-
sive weeks.
11-14 Age of subject, in years. (Decimal punched in column 13.)
16-18 Height of subject in cm.
20-23 Weight of subject, kg. (Decimal punched in column 22.)
25-28 D-xylose percentage absorption, 100x (Intake-Excretion)/
Intake, (Dacimal punched in column 27.)
30-34 Nitrogen percent absorption. (Nitrogen represents protein.)
(Decimal punched in column 33.)
36-40 Calorie percentage absorption. (Decimal punched in column 38.)
42-46 Fat percentage absorption. (Decimal punched in column 44).
48-52 Nitrogen intake (grams). (Decimal punched in column 50.)
54-57 Calorie intake, Kcal.
59-63 Fat intake, grams. (Decimal punched in column 61.)
65-68 Quantity of Nitrogen in the feces (grams). (Decimal punched
in column 67.)
70-74 Quantity of calories in the feces. (Kcal) (Decimal punchad in
column 73.)
76-80 Quantity of fat in the feces (grams) (Decimal punched in column

77.)



4. Read the attached arvticle by C.H. Hennekeus, et.ul.,

Drinking and Death Duc to Coronary Heart Disease'.
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entitled "Coffec

Prepave a critical

analysis of it. Yourcritique should include discussion of the following

2ol S

a. Why was a multivariate risk score used to construct risk strata?

(The multivariate risk score was constructed by means of a

linear discriminant function.

For those unfamilar with it, an

excerpt from P. Armtage's book, Statistical tiztnods in Medical

Research should provide an adequate description for the purposes

here.)

b. Discuss the choice and use of variables in the ''total and

"restricted' analyses.

c. Comment on the use of and inference from the step-up, i.e., for-

ward selection, mutliple regression analysis.

What alternative

analysis, if any, would you perform?

d. Present any other comments, observations, or suggestions for

alternative analysis that you have.

Do you agree with the con-

clusions as stated in the last paragraph of the article”

COFFEE DRINKING AND DEATH DUf, TO CORONARY HEART DISEASE

Cuartes H. Hewnexens, M.D., Maacaner E. Drorerte, Pr.D., Mary Jane Jesse, M.D
Joun E. Davies, M.D., anp Georce B. Hurerson, M.D. R

Abstract For a sorias of 649 patiants who diad of
corcnary heart disease within 24 hours of onsat of
symotoms, and an equal numbar ol raighborhood
controls, information was obtainad on a larca num-
ber of. variabias, including cotfes consurnp't’ion. An
analysis using multivariata risk scores to control for
ali availablavariablas yields a maximum likslihood es-
timata of tha risk ratio associated with coffea drink-

ing o’f 1.1(93 par cent two-sidad confidence limits, 0.8
to 1.8). Tha estimata of tha risk ratio denands soma-
wh'.at on the number and natura of variabies con-
troiled for in the analysis. Overall, our findings, limit-
ed tq Iow:risk and midd!s-risk patiznts, squaét that
tha risk, if any, of daath from coronary haart disease

associatad with coffas drinking is small. (N & ‘
234:333-636, 1378) gis small. (N EnglJ Med
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5. A population size is sometimes modeled by a polynonial of the form

y(t) = a() + a}ltl + azrz ... F :lktk ,

whore kK is some integer and  y(t)  denotes the population size at time t.

the followingy data show the population size at 19 equally spaced points in

tima.

Time Population Time Population
Point in Millions Point in Millions
1 3.93 10 50.2
2 5.31 11 62.9
3 7.24 12 76.0
4 9.64 13 92.0
5 12.9 14 105.7
6 17.1 15 122.8
7 23.2 16 131.7
8 31.4 17 151.3
9 39.8 18 179.3

19 203.2

a) What polynomial do you feel represents these Jdata ? Discuss the

estimates of the coefficients.

b) Several modifications to the polynomial model have been suggested.

They include:

y(t) = ao'*ﬂlt'+azt24-a310g(t)
and

[y(t)]Y==aU-+alt-+u2t2, for y=-% and -1 .

Exanine the rclative merits of these models and the polynomial
described earlier.

c) Critically examinz the merits and demerits of the above models 1in
predicting the population size at future time points and estimatieg

the population size between recorded time points.
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. BASIC WRITTEN EXAMINATION IN BIOSTATISTICS
PART II

(issued 10:00 a.m., Monday, January 24, 1976; due 10:00 a.m., Monday, January 31, 1976)

EDITORIAL NOTE: The date "1976" as given in the headnote above is reproduced

from the original examination, but it should be "1977".

Q.1. Read the paper by Moss and Camin entitled ''Nest Parasitism, Productivity,
.‘ and Clutch Size in Purple Martins", Science, Vol. 168 (1970), pp. 1000-

1003.

(a) Critique the papér from a statistical viewpoint. Include a check
of the given numerical results wherever possible and comment on

the basic design of this study.

(b) Provide alternative descriptions or analyses where appropriate.
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PRESTIDENTIAL PREFERENCE SURVEY. The students of BIOS 266 conducted a

presidential pféference survey of the UNC student body in late October,
1976. The sampling procedure was as follows, 1) Course-sections were
selected at random from a list of all sections of all courses offered
on the UNC campus during fheFall 1976 semester, 2} All students in
each selected course were surveyed. Participation was voluntary so

that '"missing data' was expected.

THE DATA. The data are stored in card-image format on on-line disk
datasets at both UNCCC and TUCC. The following JCL may be used to

retrieve the data.

at TUCC:

//DS DD DSN=UNC.ES.F245E.HELMS.PRES,DISP=SHR

at UNC computation center:

//DS DD  DSN=UNC.ES.F245E.HELMS.PRES,DISP=SHR

The data card format is indicated on the attached data form. The
form contains two errors. 1) The 'class identification' has the
format: DDDDNNN, whereDDDD is the UNC department abbreviation (e.g.,
BIOS) and NNN is the course number (e.g., 266); an overall example:
B10S266. This field is in columns 28-34, not in 28-33 as indicated on
the form. 2) The data of the survey has the format; mmddyy, and is

located in columns 35-40, not in 34-39 as indicated on the fornm,

MISSING DATA. As noted above, participation in the survey was voluntary.

A form was prepared for each student who did not participate; such forms

are blank save for the ''class identification' and ''date' fields. Data
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cards were prepared for all forms, Some students participated
selectively by completing some items and leaving other items blank,
The data cards were punched from these forms exactly as received

from the participants.

ASSIGNMENT. Analyze these data. In particular cover the following

aspects.

(a) Use data for U,S. citizens only. Estimate the proportions of
UNC-CH students who would vote for; (1) Carter, (2) Ford,
(3) other candidates, and (4) would not vote, (Non-respondents
may be placed in the '"would not vote" category.) Estimate the
standard errors of the estimated proportions, Pose appropriate
null and alternative hypotheses for comparing the Carter and

Ford proportions and perform an appropriate test of the hypotheses,

(b) For each of items 7-11, subtract the Ford rating from the Carter
rating and treating the differences as continuous (''ratio') vari-
ables, assess the attitudes of the UNC student body toward the two

candidates on these issues.
(c) Comment on the design and execution of this survey, emphasizing
points which you expect would improve subsequent surveys of this

type.

REMINDER. Your results should be predicated upon the survey as it was
actually performed, i.e., estimates and estimated standard errors

should be appropriate for this type of survey,
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PRESIDENTIAL PRLIERUNCE POLL

This s & poll to deteraane the presfdential preference and political opinfons of the student

body at UC. wWhile participation fs, of course, completely voluntary, your cooperation would be
apprectated.  The poll 1« anonymous; please du not yive your name,

1)
2)
3)
4)
5)

6)

7
8)
9)
10)
n)

12)
13)

14)

15)
16)

PLCASE FILL M THE MUMBER CORRESPONDING TO YOUR RESPONSE IN THE BOXES
AT THE RIGHI 1.9

Class: FR(1) SOPH(2) JR(3) SR(4) GRAD(5) ...... Cheeea e Ceeean [:]6
Age (Years): ........ PP eveiaeas e e r e ait e e s ean ety .. [:]

7,8
Sex:  FEMALE(1) MALE(2) ....... e s eearsess et ata oo [ s
Citizenship: U.S.A. (1) OTHER(2) ..cvviinnnannnns Srerrssea st anan
Registration: DEMACRAT(Y) REPUBLICAN(2) INDCPENDENT(3) OTHER PARTY(4) [:]

NOT REGISTERED(S) .+ . coevvinrnneonesnscnrosanansonasansans
Race: BULACK(1) VHIYE(D?) OTHER(I) ttivriiinnrvneanarsinanecnannsasoanns

O A SCALE FROM ONE TO SEVEN, PLEASE RATE JIMMY CARTER AND GERALD FORD
ON THE FOLLOWING (PLACE YOUR RATINGS IN THE BOXES AT THE RIGHT):

1 2 3 4 5 6
(Low) (AVERAGE) (H16H)

~

Honesty and 1ntegrity . ... ecicivererncrvccosnnossncasasacesones [:J
Ability to conduct foredgn policy 4i.veiiaerteveraronsoracannes [::] [:]

. 15 16
Abilfty to conduct domestic PONICY ..iiviervinnecensrsancnnnans [:] [:]
Ability to improve the econOmMy .....ce.seriveeenoncansnannnnnne [::] [:J

Ability to budget wmilitary spending for natfonal security ....

#LEASE RATE YOUR STAND ON THE ISSUES BELOW USING THE FOLLOWING SCALE
(PLACE YOUR RESPONSES IN THE BOXES AT THE RIGHT):

1 2 3 4 5 6 7
(TOTALLY AGAINST) (NOT SURE) (TOTALLY IN FAVOR)

The Equal REghts Amendment (ERA)  o.veueveenenenennneesooeoneeeneanens

A constitutional amendment placing strict restrictions on the

A bi11 which would guarantee jobs for the unemployed through

federally funded public works Programs ..o.esevierercrennocresrsvenes

U
avaflabflity of abortions .. .c.ciiureriiinorinnniocssonarionsrrorensannas [:] 2t

O

[

A comprehensive natfonal health Insurance program ......cccevneneenns
If the election were held todsy, for whom would you vote
(pleasc answer even 1f you are not a U.S. citizen or are
not registered to vote):
CARTER(Y)  FORD{?)  OTHCR{3)  WOULD NOT YOYE(4) ......vvvnennns [:]

27
1f other, please specify: o

THANK YOU FOR YOUR COOPERATIONIIIII

CLASS IDENTIFICATION 2 8-31?

Ik~ 39
DATE (MO,DAY,YR) -3
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Q.3. An investigator has noted that cholesterol and triglyceride measure-
ments made in his laboratory are lower than those being reported in
the literature. Most of the results reported in the literature are
based on serum samples. The investigator does his cholesterol and
triglyceride measurements on plasma samples. In order to determine
if a difference between serum and plasma measurements can account for
the differences he is observing between his results and those in the
literature, he selects 48 volunteers and draws blood samples from each.
Serum and plasma Subsamples are prepared from each blood sample, Two
different types of auto-analyzers, denoted AAI and AAII, are available
for the simultaneous analysis of the cholesterol and triglyceride con-
tent in each subsample, As a check on his investigation, the investi-
gator decides to use both types of analyzer on each serum and plasma sub-
sample. The samples were analyzed over a six-day period of time.

The results are displayed in Table 1.

The following questions are among those of interest, Analyze the data

along these lines of inquiry.

(a) Is there a difference between serum and plasma cholesterol or
triglyceride? If so, examine the difference,

(b) Do these results hold for both auto-analyzers?

(c) 1Is there a difference between the two auto-analyzers?
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TABLE 1: Results of Determinations on Serum-Plasma Samples.
Units: mg/100 ml
Cholesterol Triglveeride
AAT AATL AAT T T AALL

Sample Day Serum Plasma Serum Plasma Serum [Plasma Serum Plasma

1 1 273 271 286 281 91 88 91 89

2 1 179 181 183 184 62 59 58 57

3 1 254 263 265 268 130 131 135 127

4 1 205 206 211 205 83 80 83 79

5 1 162 165 158 160 70 70 69 67

6 1 236 243 247 245 152 155 159 155

7 1 255 249 257 251 131 123 129 123

8 1 243 234 248 240 248 240 255 239

9 1 245 236 246 238 71 71 72 70
10 1 225 227 82 85 218 221 75 67
11 2 256 249 258 253 82 79 83 77
12 2 193 189 196 192 50 41 46 44
13 2 263 262 274 270 128 119 129 121
14 2 224 224 225 227 128 121 127 114
15 2 290 280 305 296 242 237 245 239
16 2 181 176 181 176 77 70 79 64
17 3 239 234 248 237 56 52 56 56
18 3 287 272 301 283 167 157 172 162
19 3 139 136 139 139 146 143 146 146
20 3 162 163 165 164 51 52 54 55
21 3 298 292 316 306 168 164 169 163
22 3 302 294 315 305 144 138 151 144
23 3 198 199 211 205 374 362 380 370
24 3 235 228 242 234 81 78 81 81
25 4 201 195 206 198 142 125 144 125
26 4 218 214 225 218 189 171 189 172
27 4 289 282 354 340 1260 1210 1260 1210
28 4 218 216 217 207 187 166 187 170
29 4 218 212 227 221 114 34 110 98
30 4 307 304 317 315 119 119 122 119
31 4 218 218 226 225 113 105 117 108
32 4 218 216 231 229 306 280 303 282
33 5 286 ' 282 308 303 141 130 143 137
34 5 208 202 208 203 67 70 73 74
35 5 236 227 254 246 384 356 398 376
36 5 184 177 184 174 86 78 92 85
37 5 234 237 284 270 1050 1040 1160 1150
38 5 234 235 239 239 78 79 84 86
39 5 229 218 231 223 195 180 198 188
40 5 191 186 197 189 71 68 75 69
41 6 245 237 258 248 212 203 213 203
42 6 190 189 197 194 299 293 300 292
43 6 147 152 151 147 46 51 51 58
44 6 241 263 249 237 101 97 104 101
45 6 231 227 239 234 96 90 94 93
46 6 154 154 160 158 352 322 342 324
47 6 216 215 232 230 420 405 405 398
48 6 269 263 288 280 265 255 267 262
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Q.4. Organism Determinations in Cotton Dust

Some researchers with interest in the etiology ot chronic respiratory
damage among textile workers are examining the concentration and tvpe of
organisms air-borne with cotton dust during the manufacturing processes in
the textile industry. Density of bacteria (cultured at 35°c), thermo-
philes (cultured at 60°C), and fungi (cultured at 25°C) were determined
from air samples of cotton dust, These samples were collected from three
different varieties of cotton: Arkansas (A), Oklahoma (0), and Texas (T).
Bales of each type of cotton were divided into two portions, each portion
being processed in a Model Card Room at N.C. State University. (The
carding operation is at the beginning of the textile manufacturing pro-
cess. It is generally accepted as the most dusty of all the operations.)
During a daily operation where one portion is carded, two samples, de-
noted A and B, were taken while each portion of a bale is being pro-
cessed; In addition, a "mock-run'" samplewas collected before any cotton
is fed into the processing equipment,

Some data from this research is attached.



152

Analyze these data. In particular, the researchers are interested

in the following questions:

(1) Are thc cotton types different? What is the density of organisms,
by typc and total, for cach cotton type?

(2) Are the portions of bales of the same cotton different?

(3) Prcparc a brief report of these and other findings you may have for

these researchers. Your report might include a short technical appen-

dix discussing any statistical issues which arose during your analysis.

(4) In addition, consider the problem of minimizing the variances
of the estimators for organism densities. Should the researchers
examine more bales of a particular type, more than two portions
of each bale, or more samples with each portion? Presume that the
total number of samples that can be analyzed in the laboratory

for each cotton type is fixed.
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Cannula Life Time Problem.

Background. Read the accompanying article (W.C. Heinz, "The man who

said 'They don't have to die'," Todays Health, Jan. 1971).

Presume that the chief physician at the N.W. Kidney Center comes
to vou for statistical advice. As indicated in the starred (*) para-
graph on page 4 of the article, cannulas have limited lifetimes.

The physician explains that three major problems can necessitate the
removal of a cannula and replacement at a new site: (1) blocking of
the cannula by blood clots which do not respond to a declotting tech-
nique (2) infection and (3) deterioration of the blood vessels.

All three causes are influenced by the care given to the cannulas:
protection from jarring and contamination, for example. The physician
explains that his office files contain records of the cannula his-
tories of over 500 patients from 1971 to 1976. He asks you to
consider the data in these records for answering the following

questions about cannula life length:

1) Patients receive cannulas in succession. Do the life lengths
of the cannulas show any trend over a patient's career? Are
the age and sex of the patient relevant considerations in
study of the length of service of cannulas?

2) Do the useful service life spans of the cannulas of early
paticnts differ from that of the cannulas of more recent
patients?

3) Is there a change in the cause specific (clotting, infection,
deterioration) failure rate of cannulas over the years, Does

this vary with age or sex?
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Assignment. Examine the attached sketch of typical office records.

There is no data. However, in preparation for analyses, respond
to the following questions, emphasizing statistical aspects.

(1) How would you organize the records so that the physician's
questions can be answered?

(2) Suggest and discuss in detail, statistical approaches for
answering the physician's questions.

(3) Previously the physician had calculated the average cannula
life times each year in the following way. For each patient
who was cannulated prior to the start of the year, he accum-
mulated the time the cannula lasted during the year. He did
the same for patients who were cannulated for the first time
during the year and then averaged all these times.
Critically examine this estimator of average cannula life

time. Suggest an alternative and discuss it thoroughly.

EDITORIAL NOTE: The entire article will not be reproduced here, but
the "starred (*) paragraph'" reads as follows:

An additional drawback 1s the necessity to find new
points of access to a patient's blood, since the sites
where the cannulas are implanted on forearms and legs
deteriorate after anywhere from several months to several
years. Each of the original trio has been re-cannulated
between 40 and 50 times.



156

SKETCH OF OFFICE RCECOR.,S

Cannulation Record

Name Date

Age

Sex

Check if: (1) Initial cannulation
(2) Removal & recannulation

site of old cannula (if any)

site of new cannula

Cause(s) of failure of old cannula:

1.

2.

3.

Histor Name
Hisiory

Date of Initial Cannulation

Date(s) of Transplants: 1.

2.

3.

4,

5.

Dates of recannulation after a transplant failure:

Name

Follgw-up

Date of last contact

Date of death
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‘ BASIC WRITTEN EXAMINATION IN BIOSTATISTICS

Special Offering of Part II

(issued 10 a.m., Friday, August 5, 1977; due 10 a.m., Friday, August 12, 1977)

Q.1: Descriptive Study

Attached is a copy of the questionnaire which the N.C. Chapter of the
A.S.A. sent to its approximately 250 members in the Spring of 1977. The
86 responses have been coded and keyed and now form cataloged dataset:

"UNC.B.F2864.QUADE. SUM77". Specify "UNIT=DISK" and "DISP=SHR". Format

attached.
. 1) Prepare a report describing the responses to this questionnaire

in a form suitable (after typing) for transmission to the member-
ship. Remember this is a professional organization and its
report should constitute professional work. But be brief — only
a third of the members were interested enough to fill out the

questionnaire in the first place.

2) Assuming these responses form a representative sample of members
who have at least potential interest in local Chapter activities,
prepare also a set of recommendations to the Chapter leadership

for increasing participation therein.

Also attached are the marginal tabulations for each question which

provides the coding scheme used,
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QUESTIONNAIRE

NORTH CAROLINA CHAPTER OF THE AMERICAN STATISTICAL ASSOCIATION

We have recently experienced a decline in attendance at our Chapter
meetings and are sending this questionnaire to all our members to try to
obtain their views on certain matters. We would appreciate your filling
in this questionnaire as completely as possible.

A. GENERAL
1. Your present employment:
Student
Faculty or Staff of University
RTI

Government agency

Business or Industry

T

Other or none

2. Is your place of employment in or near:
Raleigh

Durham

Chapel Hill

Research Triangle Park

Other (outside Triangle area)

3. How often have you attended previous Chapter meetings?
Never

Once

]

A few times
At least fairly regularly

4. If you have not attended at least fairly regularly, what is the major
cause of your nonparticipation in Chapter activities?

Just arrived in the area

The programs are unsatisfactory (i.e. you might participate
more if better programs were presented)

The arrangements are unsatisfactory (i.e. you might participate
more if meetings were at a different time, place, etc.)

General disinterest (i.e. there is probably nothing the
Chapter leadership could do to increase your participation)*

* ~
If this is your feeling, then there is probably no point in your filling out

the remainder of this questionnaire, and we thank you for bearing with us so far.
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B. PROGRAM

1. Field of application. The general fields listed below:

Tend to (neutral) Tend to
attract me keep me away

Biology and health

Business and economics

Physical sciences and engineering
Social sciences

Other, or more detailed category
of above (specify)

(If field of application is not very important in determining whether you
consider a program good or not, just check the 'meutral' column throughout.)

2. Statistical methodology. The areas listed below:
Tend to Tend to
attract me (neutral) keep me away
Surveys and sampling
Statistical computing
Design § analysis of experiments
Descriptive statistics

Statistical modeling,
stochastic processes

Mathematical statistics

Other, or more detailed category
of above (specify)

3. Format:

[7 The Chapter's usual format (speaker for half an hour to an hour,
with question period ¥following) is generally satisfactory.

[7 Other formats are really needed.

Panel discussion

Films, visual aids

Exhibits

Visits to places where statistics is being applied

T

Other, specify
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" C. ARRANGEMENTS

1. For the purposes of this questionnaire we assume that the best times
for Chapter meetings are evenings from Monday through Thursday. If
you question this assumption, please explain below.

2. (Day of week)

Usually not convenient Usually convenient
(continual conflicts) (no regular conflicts)

Monday evening

Tuesday "

Wednesday "

Thursday "

3. (Time of day)

a) Assuming program first, with dinner (optional) perhaps an hour
or an hour and a half later, the program should start no earlier
than and no later than

b) Assuming dinner (optional) first, with program perhaps 45 minutes
or an hour later, the dinner should start no earlier than
and no later than

4. Place
Quite Fairly Not
convenient convenient convenient
Raleigh
Durham _

Chapel Hill

Research Triangle
Park

B

5. Do you prefer
7 Regular meeting at Research Triangle Park

[~/ Alternating meeting between Raleigh and Chapel Hill

[/ No preference between these two alternatives
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6. Please check:

Fully (neutral) Not
satisfactory satisfactory

Catered meal (fixed price and menu,
about $3.00). [This has been Chapter
practice in recent years.]

Cafeteria (your choice of meal,
typical price about $2.00)

Buffet (fixed price probably about $3.00)
Banquet (fixed price and menu, say $4.00)
Banquet (higher fixed price but better
menu, say $6.00)

AND/OR CHECK BELOW

[7] You probably wouldn't participate in the meal anyway, even if you
came for the program.

D. Other comments and suggestions for Chapter leadership

IF YOU WOULD BE INTERESTED IN PRESENTING A PROGRAM, EITHER IN THE NEAR
FUTURE OR LATER, PLEASE LET US KNOW!! OR, IF YOU HAVE OTHER SPECIFIC
SUGGESTIONS FOR PROGRAMS OR SPEAKERS! (Please indicate below, if you like.)

E. Signature (optional)

Please return this form to one of the following:

Francis Giesbrecht Tyler Hartwell Dana Quade

Dept. of Statistics Research Triangle Inst. Dept. of Biostatistics
North Carolina State U. P.0. Box 12194 School of Public Health
Raleigh, N.C. 27607 RTP, N.C. 27709 Univ. of North Carolina

Chapel Hill, N.C. 27514



162

MOTE: DRTA SET WORK.DATAL HA3Z 25 OBIERVATIONZ AMD 27 YAFIARBLE:.

part A

Al FRERQUENMCY CUM FRER FEFRCEMT CUM PERCENT

Studst’ 1 12 12 13.953 13.953

(Jne l. Fasnlb 2 37 4% 43,023 S5 .977
T 3 13 63 22,095 TA,070

Gort. 4 3 TE S 302 22 .37

Wes.Id. 5 7 23 2,140 a5 S1E

oa © 3 2E 3325 100,000

A2  FREQUENCY UM FFE®  PERCENT LM PERCENT

-NE 1 g 17 13,767 19.767

Dan 2 s 23 B JITT 2. Ta4

Que 2 6.N. = 23 S 23.721 £ .455
RTE. 4 24 TS 27 .07 S8 .3TE

0 v = 10 26 11.233 oo, oo

Rz FREGIUEMCY UM FRED FERCEMNT UM FERCENT

Mevsv 1 15 15 T .43 17 .343

Onte a 14 R 1,277 23.7El

QMA .ﬁ,w L ¥, TR a0 Ss g Eed BT L e 0T
<4 a7 =y 21,595 100,000

A:y', n?' ¢

I
E N

FREDUIEMCY  CLIM

‘n
e
m

i FEFCEMT CUM PERCEMT

. No. Y83 P . 3T .
Jast Ave 1 K 3 eL.lcE Aol
@uc"l Unyek. P79, <& 13 1e S8 LS IZL.E
KUnsat. AYY. K a3 4% ToL1ed ED IS
Digenk- 4 & 47 4. 058 a5 3
S 2 4 4,022 L0G .0

other



Gl Ny vree

o i) P e

fig =

FREOUENCY

o on

F A ] o

FREQLEMCY

To Ly e
oo o

FREQUEMCY

- M

ro oy

FREGENCY

4
45

[=ury

14

FREGZUEMCY

—
'

o 1X Fo)

163

Cim

FREQ

s

77

3

CLM

CLM

M

RRIE]

FRE®

FERCENMT

L]
51.728
23,333

4 .33

FERCEMT

23.750
42,7910
27500

PEECENT

271K
45 .914
25.32%

FEFIZEMT

-

Mo Mo 5
:“ :l:l l-:I.'I
o

in o

Ts .
m — Gl
n
m
3

- -

PaaY e

s
1

S R

it

(MR

CUM

ZUM

Y

PERCENT

PERCENT

E ]
22.750
T2.500

100.000

FERCEMT

-
E7 180

74,074

.....




2
o
—

Why — o

E22
att. |
. -

) Nie rs o

DY DO

wihar .

T

Ly o= .

-]

fog — o

FRERDUEMLCY

T
33
22

e

FREGUEMCY

Ll O Y
o Juid N

FREIENC

LR N
L RGE YL

FREGEMCY

— fa 2
Foa R Y ¥ B

FREGUEMLCY

lJ"l

39

27

14

FREDUEMCY

YRR
D AT R T |

FREL

-

DR SRy

ERCY

164

L

LM

cumM

UM

UM

(Mg

1z

FREL

43

FERCENT

~J O
N

I;Aj AJI

(5 D
oo N

PEECEMT

-
41.772
45.570

12.855

PERCENT

YA |
T fa D

Lzﬂhj
=~} T A
03 QDD

PERIZEMT

-
35,250
51.2%0
12.500

PERCENT

[ ]
42,750
FI2ATSH
17.500

FERZEMT

UM

CumM

RIS

hiM

120

im

Lt

PERCENT

T T
22,405
100,000

PERCEMT

FERCEMT

L]
S59.859
SI.2E7

100,000

FERCENT

25 L250
ST .500
100,000

FERCEMT

43,750
S .S0n
aa.

g

14

FERCEMT

e -
SS L IlE
[P
oy e L'

100,000

FEFCENT

(e B
"

AN I e

TG, a0






