MPH WRITTEN EXAMINATION IN BIOSTATISTICS

11 May 1999

INSTRUCTIONS:


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


b)
Answer three (and only three) out of four questions.


c)
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 with a signed statement of the honor pledge on a 




page separate from your answers.


f)
You are required to answer only what is asked in the questions 



and not all you know about the topics.

Question 1.

Suppose n experimental units are put on test.  Assume that their time to failure is exponentially distributed with density

f(t;()  =  (e-(t ,     t > 0,     (> 0.

a)   The hazard function is defined as:

h(t) = f(t;()/S(t;()

where S(t;(( = 1(F(t;() and F(t;() is the cumulative distribution function of the failure time of the experimental units.  Determine the hazard function.

b)  After a period of observation, C, the likelihood of the test results is a product of the n independent observations.  Those failing on test at time ti contribute the density evaluated at ti as their factor.  Those that survived the study period, here [0, C), contribute to the survival function, S(t;(), evaluated at ti = C.  The following is the likelihood of such data:
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What is the value of m?

c)  Derive the maximum likelihood estimator, (^, of ( from the likelihood in part (b).

d)  Estimate the variance for the MLE, (^, in part (c), using the second partial of the log-likelihood.

e)  Comment technically on the information on  available in those experimental units that survived the observation period.  Hint: They have missing failure times that are greater than C.

SCORING:  a) 5     b) 5     c) 5     d) 5     e) 5

Question 2.

The two-way layout below shows the "holding strength" obtained in an experiment

involving six types of powders.  Portions of each were used in two procedures,  I and II. 


Procedure


Powder Type

i=1,2,3,4,5,6
I
II
Difference,

di

1
21
23
2

2
27
26
-1

3
18
21
3

4
22
24
2

5
2
25
-1

6
19
16
-3

a) Use the usual parametric statistical method, after stating the assumptions for it, to test whether or not the mean holding strength is the same for the two Procedures.  Find the P-value for your test. 

b) Provide a 95% confidence interval for the parameter of interest in part (a).

c)  Perform an alternative statistical analysis which protects from a violation of a key parametric assumption in part (a).

d)  Estimate the correlation between the holding strengths with Procedures I and II.

e)  Explain why, and approximate how much, variance reduction is provided by this method as contrasted with an independent two-sample approach.

SCORING:  a) 5     b) 5     c) 5     d) 5     e) 5

Question 3.

The school board in the village of Happy Hollow has written guidelines suggesting that 10% of students should be awarded A or 4, 20% B or 3, 40% C or 2, 20% D or 1, and 10% F or 0.  A random sample of 25 students showed 16%, 20%, 36%, 16%, and 12% instead.  The board is interested in the possibility of "grade inflation" -- a tendency for teachers to award higher grades than suggested.  

a) Evaluate the evidence for grade inflation, using:

    1) a chi-squared goodness-of-fit test.

    2) a Z- or t-test.

b) Discuss the relative merits of the tests in (a) for this problem.

    Do all required assumptions seem satisfied?

    Do the tests have good power against the desired alternative?

c) Suppose the policy is not being followed, and the true distribution happens to be exactly the one observed in the data.  How large a sample would be required for each test in (a) to detect this, with Type I and Type II errors both less than 5%?

SCORING:   a) 12     b) 5     c) 8

Question 4.

Refer to the attached newspaper article on a Gallup Poll about nuclear power.

a) The "4 percentage points" in the 15th  line from the end of  the article is the maximum half-width of a 95% confidence interval based on the full sample.  If  "4"  is precisely correct, what was the DEFF for this survey?

b) In the first table of the article, it is reported that 21% of respondents replied it was "not too important" and 26% "not at all important" to have more nuclear power plants.  Discuss the statistical significance of the difference between these two percentages.

c) In the fourth table, it is reported that 17% of Republicans and 13% of Democrats replied that it was "extremely important".  Discuss the statistical significance of  the difference between these two percentages.

d) In the fourth table, it is reported that 17% of Republicans replied that it was "extremely important" and 42% "somewhat important".  Adding these two categories together, do they constitute significantly more than 50%?

e) In the last section, it is reported that 40% of Canadians wanted nuclear power generation stopped completely in 1986 but only 27% in 1980.  Discuss the statistical significance of the difference between these two percentages.

SCORING:  a) 5     b) 5     c) 5     d) 5     e) 5




Thursday, July 24, 1986
The Chapel Hill Newspaper 7A
Chernobyl Revives Qualms On Nuclear Power

Los Angeles Times Syndicate

PRINCETON, N.J. –  Americans' misgivings about the safety of nuclear power plants, which began to recede within months after the 1979 accident at Three Mile Island, were revived by the recent explosion at the Soviet nuclear reactor at Chernobyl.

In fact, more Americans today (73 percent) than in the immediate aftermath of the Three Mile Island accident (60 percent) say they would oppose the construction of a nuclear power plant within five miles of where they live.

The latest survey also found an increase since 1980, from 55 percent to 66 percent, in public sentiment favoring a cutback in nuclear power operations until stricter safety regulations can be effected.

The current findings reveal far more apprehension than recorded in the first Gallup Poll on the subject.  In that 1976 assessment, before any major nuclear mishap had occurred, 40 percent called for stricter safety regulations, 34 percent thought nuclear power plants were safe enough and 26 percent were undecided.

Need For More Plants Seen Dwindling

Another question in the nuclear power series found a further decline in the public's perceptions that more nuclear generating plants should be built "in order to meet the future power needs of the nation."  In the 1976 poll, 34 percent felt this was "extremely important," with the percentage dropping to 30 percent in 1979 and 14 percent at present.

Since the demand for electric power has declined in the past 10 years and there is now a plentiful supply of alternate fuel sources, it is not possible to determine to what extent the Chernobyl accident contributed to the Americans' present outlook on nuclear generating capacity.

There is no doubt, however, that the public's perceptions of the danger of nuclear plants and the need for more such plants are interrelated.  Only 9 percent of those in the current survey who feel that present nuclear operations should be cut back, compared to 28 percent of those who believe the plants operating now are safe enough, consider the need for more nuclear plants to be "extremely important."  Conversely, 33 percent of the former but only 9 percent of the latter characterize the need for more plants as "not at all important."

Future Construction In Doubt

Although the Chernobyl explosion undoubtedly revived Americans' fears about the danger of nuclear plants, the future of nuclear power in the U.S. was already in doubt.

According to a recent article in the National Journal, no new nuclear plants have been ordered since 1978 and all orders placed between 1974-77 have been cancelled.

Currently, 100 plants are operating in the U.S., generating about 16 percent of the nation's electricity.  When the 27 plants now under construction are completed, nuclear energy will account for about 20 percent of total capacity.

Aside from the political issues involved, economic factors may rule out future construction of U.S. nuclear generators.  Although the uranium fuel used has remained cheap, the cost of building and operating these plants has soared, compared with the cost of coal-fired plants.  Thus additional nuclear plants may be unable to compete with other energy sources solely on the basis of economics.
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Following are the questions, presented in the order in which they were asked in the survey, and the trends:

"In order to meet the future power needs of the nation, how important do you feel it is to have more nuclear power plants –  extremely important, somewhat important, not too important or not at all important?"

Importance of More Nuclear Power Plants


1986
1979
1976

Extremely important
14%
30%
34%

Somewhat important
35
33
37

Not too important
21
13
10

Not at all important
26
17
8

No opinion
4
7
11

TOTAL
100%
100%
100%

"Do you feel that nuclear power plants operating today are safe enough with the present safety regulations, or do you feel that their operations should be cut back until more strict regulations can be put into practice?"

Safety of Today's Nuclear Plants


1986
1980
1979
1976

Need stricter regulations
66%
55%
66%
40%

Safe enough now
25
30
24
34

No opinion
9
15
10
26

TOTAL
100%
100%
100%
100%

"As of today, how do you feel about the construction of a nuclear power plant in this area – that is, within five miles of here?  Would you be against the construction of such a plant in this area, or not?"

Construction of a Nuclear Plant Nearby

1986
1979
1976

Would be against
73%
60%
45%

Would not be against
23
33
42

No opinion
4
7
13

TOTAL
100%
100%
100%

Women More Apprehensive
The latest survey found strong differences of opinion by gender, with 76 percent of women and 55 percent of men favoring stricter regulation of presently operating reactors.  Similarly, 80 percent of women and 65 percent of men are opposed to having a reactor built near their homes.


Political Dimension

As in past surveys, there is a political dimension to the public's current attitudes toward nuclear power.  Although Republicans and Democrats shared the same basic convictions on the issues studied, Democrats are more likely than Republicans to feel the construction of additional nuclear power plants is "not too" or "not at all important," 54 percent vs. 38 percent.  Also, more Democrats (73 percent) than Republicans (60 percent) believe that nuclear operations should be cut back until stricter regulations can be effected.  Finally, more Democrats (79 percent) than Republicans (64 percent) express opposition to the construction of a nuclear power plant near their homes.  Details are shown in the table:

Importance of More Nuclear Power:

Total U.S.
Republicans(x)
Democrats(x)

Extremely important
14%
17%
13%

Somewhat important
35
42
29

Not too important
21
19
22

Not at all important
26
19
32

No opinion
4
3
4

TOTAL
100%
100%
100%

Safety of Today's Nuclear Plants:

Total U.S.
Republicans(x)
Democrats(x)

Need stricter regs
66%
60%
73%

Safe enough now
25
31
19

No opinion
9
9
8

TOTAL
100%
100%
100%

Construction of Plant Nearby:

Total U.S.
Republicans(x)
Democrats(x)

Against
73%
64%
79%

Not against
23
31
17

No opinion
4
5
4

TOTAL
100%
100%
100%

(x) Includes Independents who lean toward each party

The latest findings are based on telephone interviews with 1,004 adults, 18 and older, conducted in scientifically selected localities across the nation during the period June 9-16.

For results based on samples of this size, one can say with 95 percent confidence that the error attributable to sampling and other random effects could be 4 percentage points in either direction.  In addition to sampling error, the reader should bear in mind that question wording and practical difficulties in conducting surveys can introduce error or bias into the findings of opinion polls.

Chernobyl Evokes Similar Reaction In Canada
The Chernobyl accident also had a strong impact on public opinion in Canada, according to a recent Canadian Gallup Poll.

Currently, 40 percent of Canadians believe nuclear power generation should be stopped completely, 37 percent feel no further plants should be built, and 13 percent say nuclear generation should be increased.  In a 1980 survey, the comparable figures were:  stopped, 27 percent, no further plants, 27 percent, and increased, 30 percent.

Also, the current Canadian poll found 71 percent opposed to construction of a nuclear plant in their area – and an additional 17 percent anxious.  A 1976 survey found 35 percent opposed and 23 percent anxious.
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The Gallup Poll


By George Gallup Jr.
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