Question 1 
	The dataset stored in the file gasoline.gsh consists of the fuel consumption (mpg) in miles per (US) gallon for 32 cars tested by American magazine Motor trend in 1974, together with:


disp
displacement (engine size) in cubic inches;

            drat      drive ratio (divided by 1000);


hp
horsepower (a measure of the power of the engine);


wt
car weight in thousands of pounds;

qsec
the time, in seconds, for the car to cover a quarter of a mile, starting from stationary and accelerating as rapidly as possible.



[Source: Henderson, M.V. and Velleman,P.F.(1981), ‘Building multiple regression models interactively’, Biometrics, 37, 391-411.]

The fuel consumption was measured by driving each car over the same course and recording how much fuel had been used. The course was 73 miles long. The aim is to determine whether, and how, fuel consumption is related to the other five variables. 

(a) (i) Carry out a preliminary examination of the relationship between mpg and the explanatory variables, and of the relationships between explanatory variables.

(ii) The fuel consumption was presented in Motor Trend as miles per gallon, because that is the conventional way to present fuel consumption figures in the USA; it is in the UK too. This means that mpg is a (reciprocal) transformation of what was actually measured, namely the number of gallons used per mile. Take the reciprocal of mpg and store the result in a variate called gpm. Carry out a preliminary examination of the relationship between gpm and the explanatory variables.

(iii) Which of the two response variables, mpg or gpm, do you expect to be better for use in multiple linear regressions? Give a justification based on your answers to parts (a)(i) and (a)(ii).

(b) 
Use the response variable (mpg or gpm) that you decided is the better one to use now for the remainder of this question.

  (i)  Perform a stepwise regression starting from the full regression model. Which    explanatory variables does this procedure select? Are these the variables that you expected to be selected when you carried out your initial data examination in part (a)?

(ii)  Does the stepwise regression starting from the null model lead to the same selected model?

(iii) Summarize your findings, including giving the fitted model.

Question 2 

An experiment was carried out to investigate the effect of three factors on the survival of the bacterium Salmonella typhimurium. Three levels of sorbic acid, three pH(acidity) levels and six levels of water activity were used. The experiment was run once at each possible combination of factor levels. The response variable was the logarithm of the density of bacteria (per milli liter) seven days after treatment started. (Previous experience with data like these indicated that the log transformation would be appropriate.) 
[Source: Mead,R.(1988) The Design of Experiments, Cambridge, Cambridge University press.]
The data are stored in data file salmonel.gsh, with the response variable labeled as response and the three treatment factors as sorbic, pH and activity respectively. Assume that you have done some preliminary analysis and plotting of these data, and you have concluded that it appears to be acceptable to analyze them using analysis of variance.
(i) Suppose you are going to perform the usual significance tests in analyzing these data. Which main effects and/or interactions would you have to leave out of the model initially? Give your reasons for leaving out any interactions or main effects.

(ii) Using the model you described in part (a)(i), analyze the data using the GENSTAT analysis of variance commands. Your analysis should include appropriate plots of residuals. Write a brief report on the results of your analysis. The report should make it clear how the mean response does (or does not) depend on the levels of the three factors concerned. You may well wish to include appropriate plots and/or table of means. Your report should also make it clear whether there is anything about the data or about the assumptions you have made in the analysis that throws doubt on your conclusions.
Does the analysis you have carried out throw any light on the appropriateness of your choice in part (a)(i) of interactions or main effects to omit?

(iii)The need for the omission of certain main effects and/or interactions, which you explained the need for in part (a)(i) and carried out in part (a)(ii), can be avoided by not treating all the explanatory variables as factors. Without actually doing any calculations, briefly explain how this could be done.

You should be able to answer this question after you have studied Chapter 8
Question 3 

(a) As part of a study on the nutritional quality of oats, six varieties of oats, labeled 1 to 6, were to be compared. A standard amount of each variety was grown on each plot, and the plots were laid out in a field in six blocks, each containing six plots. Each variety was randomly allocated to one plot within each block. The response measured was the percentage of protein in the oats produced. The data from this experiment are given in the file oatprote.gsh. The response variable is labeled protein and the variety and block numbers are given in the factors variety and block, respectively.
[Source: Data of Peterson D, Schrader, L. and Youngs, V. reported in Bhaltacharyya, G.K. and Johnson, R.A. (1977) Statistical Concepts and Methods, New York, John Wiley.]

(i) Produce a scatter plot of the response against variety number, with block as the grouping factor. Do there appear to be any difference between varieties? Does the block structure appear to have any effect on the response? 
(ii) Your plot in part (a)(i) should not give any immediate cause for concern about the assumptions underlying the appropriate analysis of variance model. Therefore, produce the appropriate ANOVA table and use it to answer the question ‘Is there ay difference in percentage of protein between the different varieties of oats?
(iii) To check the appropriateness of the model GENSTAT is using, produce the usual set of residual plots. Are any of the assumptions of the model in doubt?   
(iv) Calculate a point estimate of the difference in mean percentage of protein between oats of variety 3 and oats of variety 5. Calculate a 95% confidence interval for this difference. Is it plausible that these two varieties of oats do not, in fact, differ in average protein content?
(b) An experiment was conducted by students at the Ohio state University in 1993 to explore the nature of the relationship between a person’s heart rate and the frequency at which that person stepped up and down on steps of various heights. The response variable, hrinc, was the ratio of the person’s measured heart rate after the exercise to that measured before. There were two different step heights, height, coded 0 (for 5.75 inches) and 1 (for 11.5 inches); and there were three rates of stepping, freq, coded 0 (14 steps/min), 1 (21 steps/min) and 2 (28 steps/min).
     Each subject performed the activity for three minutes. One experimenter counted the subject’s pulse for 20 seconds before ad after each trial. Another experimenter kept track of the time spent stepping. Each subject was always measured by the same pair of experimenters. Each subject/experimenters combination was treated as a block (called experimt). Subjects always rested between trails. The data are in stepping.gsh.

      The six possible combinations of height and freq are coded

                        1 for {height = 0, freq = 0}, 2 for {height = 0, freq = 1}

                        3 for {height = 0, freq = 2}, 4 for {height = 1, freq = 0}

                        5 for {height = 1, freq = 1}, 6 for {height = 1, freq = 2}

      and these values are also given in stepping.gsh, in the factor treat, each subject/experimenters combination had time to perform five trials, and there were six such combinations in all. The experimental layout is given as follows.
        Table 1
         [image: image1.emf]experimt                        treat (in randomied order)

1 5 2 4 1 3

2 1 2 6 4 3

3 5 2 4 3 6

4 3 6 4 1 5

5 1 3 5 2 6

6 6 4 2 1 5


      (i) What sort of experimental design is this? Explain your answer.
      (ii) This experiment can be analyzed using the General Analysis of variance option in the Design field of the Analysis of Variance dialogue box, provided that the appropriate entries are made in the Treatment Structure and Block Structure fields. With respect to the former, do not use the single treatment factor treat, but instead use the factorial structure of its components height and freq in the usual way. Perform this analysis. Produce appropriate residual plots. Are the assumptions of the model justified? What model is suggested as being appropriate to explain these data?
  (iii) Under the model you suggested at the end of part (b)(ii), what is a point estimate of the mean heart rate increase factor (hrinc) at the higher step height ad the fastest rate of steeping?
Question 4 

Birth weight is important because infant mortality rates and birth defect rates are higher for low birth weight babies. Thus question examines a dataset relating low birth weight to several potential explanatory variables. The data for this question were collected at Baystate Medical Center, Springfield, Massachusetts in 1986.
[Source: Hosmer, D.W. and Lemeshow, S. (1989) Applied Logistic Regression, New York, Wiley.]

In the data file, lowbw.gsh, the first column (low) is an indicator that a baby has a low birth weight, scored 1 if the birth weight is less than 2.5kg and 0 otherwise. The other columns contain the following variables.

                   age:           Mother’s age in years

                   lwt:           Mother’s weight in pounds at last menstrual period

                   smoke:      Smoking status during pregnancy (1 = yes, 0 = no)

                   ptl:            Number of previous premature labors

                   ht:             History of hypertension (1 = yes, 0 = no)

                   ui:             Presence of uterine irritability (1 = yes, 0 = no)

                   ftv:            Number of physician visits during the first trimester

(a) Perform an initial exploratory analysis of these data, and answer the following questions. Why is a scatter plot matrix of limited value for exploring these data? How strongly are the individual explanatory variables related to the response variable? Comment on the signs of the correlations between the explanatory variables and response variable, and describe what a negative value means.
(b) Explanatory variables smoke, ht and ui each have two categories which have no intrinsic order. Why is it not essential to treat these variables as factors or to replace them by indicator variables? Fit the logistic regression model using all seven of the explanatory variables, and use the regression deviances to test the null hypothesis that all the variables, when used together, contain no explanatory power for the low birth weight indicator. Write down the sequence of menu selections and dialogue box options you used to perform the regression and the test, and state clearly your conclusions from the test.
(c)                         
(i) From a perusal of the regression coefficients given as output by the analysis in part (b), along with the t values, say which variables you think might be contributing towards the explanatory power identified in part (b). Give two reasons why it is not appropriate to place too much firm reliance on conclusions from these t values. Use GENSTAT to carry out an automatic stepwise logistic regression beginning with the model in part (b) which used all seven explanatory variables. Did this end up with the variables you identified from the t values?
(ii) Now carry out s stepwise analysis commenting with the null model, and confirm that this leads to a different final result. Comment on the similarities and differences between the model obtained in part (c)(i) and the model obtained here. If you had to choose one model for predictive purposes, which would you choose? Without performing any tests, give a reason for your choice.
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