Stat 493 - Spring 2005 - Final Exam

There are 7 questions, most with multiple parts.  
You may use your notes, the book, and the class web pages to complete this exam.  You may call or e-mail me for assistance, clarification of my questions, or any other reason.  
You are not allowed to get help from a friend, classmate, or anyone else.  When you are done, please check the appropriate box on the last page and include with your answers.
1. 10 pts. When the luxury liner RMS Titanic hit an iceberg and sank, many of the passengers and crew died; some were rescued. Movies like 'Titanic' show scenes of 1st class passengers being helped into lifeboats while 3rd class passengers were being kept below. The passenger list is known; the list of rescuees is known, so the fate of every passenger is known. Here are the data on the number of passengers in 1st, 2nd, and 3rd class who were rescued and who died:

Category

Fate: 

1st 
2nd 
3rd 
Crew

Rescued 
203 
118 
178 
212

Lost 

122 
167 
528 
673

(a) Calculate the proportion of each category who were rescued.
(b) Test whether the proportion rescued is the same for 2nd and 3rd class passengers.
(c) Construct a 95% confidence interval for the proportion rescued in 2nd class.
(d) Is this confidence interval a reasonable and useful thing to calculate? Explain why or why not.

2. 5 pts. A research group is studying the prevalence of a particular disease on pig farms in Iowa.  In each of three years, the researchers drew a simple random sample of farms and calculated the prevalence of the disease at each farm. These observations were averaged to estimate the mean prevalence in Iowa. The resources available for the study increased, so the sample size (N) got larger during the study. The variability in prevalence between farms was not the same each year because of the disease characteristics.  

Here are the data (N=sample size i.e. number of farms, x = sample average, s = sample standard deviation):

Year 
N 
x
s

1 
9 
47%
15%

2 
25 
52% 
20%

3 
36 
48% 
36%

The mean prevalence was most precisely estimated in which year? Explain your answer.

3. 6 pts. One approach to summarizing population trends in endangered animals is to calculate the linear regression of Y=log(estimated population size) on X = year. You probably remember that the standard error of a slope in simple linear regression depends on the number of data points, the variance in the X values and the standard deviation of the residuals. Manatee populations in Florida have been intensively studied. For four populations, the estimated slopes, the standard errors of those slopes and the p-values for a test of slope = 0:

Population 
N 
est. slope 
s.e. 
p-value

A 

5 
-0.1 

0.2 
0.45

B 

15 
-0.05 

0.05 
0.30

C 

21 
-0.21 

0.07 
0.001

D 

16 
-0.30 

0.14 
0.041

(a) In which population is the slope (the rate of decline) known the most precisely? Why?
(b) Which population provides the most convincing evidence that the population size is actually declining? (i.e. strongest evidence that the true slope is not zero)? Why?

4. 12 pts. For each of the following studies, indicate whether:

the treatments are randomly assigned

the observations are randomly sampled from some population

the stated conclusion is appropriate.

Assume that any p-value is highly significant.

(a) Evaluating the impact of a power plant on fish in a river. You sample the fish at 3 accessible sites upstream of the plant and 3 accessible sites downstream of the plant. You conclude 'The power plant reduced the fish abundance'.

(b) Evaluating the impact of a new extension program on nutrient management. 15 counties in Iowa have adopted the program. You randomly sample farmers in those counties and also randomly sample farmers in 15 randomly chosen counties that have not adopted the program. You claim that 'the new program increased knowledge of nutrient management issues'.

(c) A study of diet supplementation for cattle. You have 10 pens of cattle. 5 pens are randomly chosen to receive the diet supplement. The other 5 pens are fed the traditional diet. You conclude 'The diet supplement increased average daily weight gain'.

(d) A study of urban and rural attitudes about large scale pig farms. You randomly sample 100 adults living in urban counties and 100 adults living in rural counties of Iowa. You conclude, 'Urban residents were more likely than rural residents to favor restrictions on large pig farms.'

5.  6 pts. For each of the following surveys, indicate:

the type of survey (e.g. simple random sample, cluster sample)

and the population that is being surveyed

(a) A study of soil nutrient levels in a riparian buffer.  Riparian buffers are vegetation planted between fields and creeks to reduce the amount of sediment reaching a stream.  These buffers tend to be long and narrow.  The soil Nitrogen level is sampled by laying down a 100m tape down the middle of the buffer, then taking a soil sample every 5 meters along the tape.  Soil Nitrogen is measured in each soil sample.
(b) A study of rural attitudes to large scale pig farms. Counties in Iowa are divided into rural and urban. Only rural counties are considered for this study. By the definition used in this study, there were 89 rural counties. 10 counties were randomly selected. The phone book was used to randomly sample 100 adults in each of the 10 counties.

(c) A survey of student opinions on the university calendar. ISU is considering various changes to the calendar (length of semester, length of winter break,...). As a class project, a graduate student sends a letter to 500 randomly selected students from the list of current students. The students fill out a pre-stamped postcard and mail it back to the graduate student. A total of 127 postcards are returned.

6. 18 pts. The following data come from a study of the relationship between diet and longevity in mice.  The investigators randomly assigned mice to one of two treatments: a normal lab mouse diet providing 85 kcal/week, or a calorie restricted diet providing 50 kcal/week.  The response is the number of months the mouse lived.  There were 57 mice assigned to the 85 kcal/week diet and 71 mice assigned to the 50 kcal/week diet.  The data are in diet.xls on the (non-webCt) class web site.  The two worksheets in that file contain the same data in two different formats.
(a) Is it more appropriate to use the mean or the median growth to describe mouse longevity in each treatment group?  Explain your answer.
For the following questions, please use means no matter how you answered question a.

(b) Estimate the difference in means and calculate the s.e. of the difference.
(c) Calculate a 95% confidence interval for the difference between the two means.
(d) Test the null hypothesis that the two means are the same.

(e) Write a short conclusion describing your results.

(f) There are more mice in the 50 kcal/week diet.  Is this a concern for any of the analyses you did in parts b,c,d,and e?  Explain why or why not.
7.  18 pts. Various research groups at ISU are researching the ecological effects of grassy waterways.  These are strips of perennial grasses planted in drainage areas of an agricultural field.  These grass strips are intended to improve water quality by trapping sediment before it runs off a field.  They may also have other ecological benefits, especially for birds that like to nest in grassy areas.  Agricultural machinery is not good for bird nests.  The grassy strips are not plowed or harvested.  Strips are planted in various widths, ranging from 0.5m to 5m.  The investigators suspect that narrow strips are less attractive to birds, so there will be fewer nests per square meter on a narrower strip.

To test this, the investigators located 15 grassy waterways, 3 with a width of 0.5m, 3 with a width of 1m, 3 that are 2m wide, 3 that are 3m wide and 3 that are 5m  wide.  On each, they counted the number of bird nests in 100m2 along each grassy waterway.   The response is reported as the density,  i.e. number per square meter.
 The data are in bird.xls on the (non-webCt) class web site.  The two sheets in this worksheet contain the same data in different formats.   
(a) Fit a linear regression to the data, using the width to predict the bird density.  What is the estimated slope in that regression equation?
(b) Test the hypothesis that the population slope equals 0.  Report the p-value and write an appropriate conclusion (probably one sentence).

(c) Is the fitted linear regression an appropriate summary of the relationship between width and bird density?  Explain why or why not.

Hint: Think about graphical tools we have used to assess regressions.

(d) There are many other possible techniques for answering the previous question.  The investigators decided to use ANOVA to analyze the data. (Note: this may or may not the technique you named in the part a). What null hypothesis is being tested by ANOVA? 

(e) Analyze the data using ANOVA and write a short conclusion.

(f) The investigators are interested in proceeding beyond the ANOVA F test. What is the most appropriate 'thing' (statistical method) they should do next? Explain what this might tell them that they do not already know from the ANOVA F test.

Please check the appropriate box and sign.  If you want to e-mail your answers, please paste this as the last page of your answers, check the appropriate box, and type your name.  Thanks!

___ I completed this final without help from friends or classmates. 










    _________________________

 (signature)

___ I received the following assistance: 

Please briefly describe below the assistance you received 
    _________________________

 (signature)

