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Answer four questions. 

Copies of statistical tables are available from the invigilator.  A formula sheet is 

attached to this paper.  Non-programmable calculators may be used.  Where 

critical values with the required degrees of freedom are not given in any table, 

just use the nearest value in the table. 
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1. A large class of US university students has an average SAT score of 600 and a 

standard deviation of 75.  Assume that the scores are distributed as a Normal 

distribution. 

 

(a) What fraction of the class would be expected to have a score that exceeds 

800?         (4 Marks) 

 

(b) If a sample of 5 students is randomly selected, what is the probability that the 

sample average score will be less than 550?   (4 Marks) 

 

(c) If two students are selected at random, what is the probability that the 

difference between their SAT scores is more than 100 units? (4 Marks) 

 

(d) If three students are selected at random, what is the probability that their total 

SAT score is greater than 2000?     (4 Marks) 

 

(e) To check on the assumption of Normality we might select a sample of 100 

students and carry out an Anderson-Darling test.  The software will report a p-

value.  Explain how the p-value measures “significance” and say what the 

interpretation of p-values of (i) 0.24 and (ii) 0.02 would be. (4 Marks) 

 

(f) Explain the logic underlying a Normal (probability) plot which might be used to 

assess the Normality of the data.     (5 Marks) 
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2. A pilot study gave the summary data shown below for systolic blood pressure 

measurements on two independent samples of diabetic and non-diabetic men 

aged 40-49 years.   

 
 
 

 
Diabetic 

 

 
Non-diabetic 

 
Mean 

 
152.4 

 
140.4 

 
Standard deviation 

 
18.5 

 
16.8 

 
Sample size 

 
21 

 
21 

 

 
Systolic blood pressures (mm Hg) for males aged 40-49 years 

 
 

 

In answering the following questions you may assume that systolic blood pressure 

is Normally distributed in the two populations. 

 
(a) Calculate a 95% confidence interval for the mean systolic blood pressure of 

the population from which the non-diabetic subjects were sampled.  Explain 

what is meant by “95% confidence” in this context.   (5 Marks) 

 

(b) Carry out an F-test to decide whether or not the long term standard deviations 

of the two populations were the same.  State explicitly the significance level 

you use and the critical value for the F-test.    (5 Marks) 

 

(c) Test the statistical significance of the difference between the sample means.  

Use a 5% significance level.  Interpret the result of the test. (5 Marks) 

 

(d) Calculate a 95% confidence interval for the difference between the population 

means.  Describe the relationship between the interval and the significance 

test of part (c).        (5 Marks) 

 
Question 2 Continues… 
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(e) Suppose you were asked to advise on the design of a similar study for 

females.  What issues would you need to discuss with the researchers in 

deciding on appropriate sample sizes?    (5 Marks) 

 

3. In a study of a wholesaler's distribution costs, undertaken with a view to cost 

control, the volume of goods handled and the overall costs were recorded for 

one month in each of ten depots in a distribution network.  The results are 

presented in the following table. 

 

   

 Depot  1 2 3 4 5 6 7 8 9 10 
   
 Volume 48 57 49 45 50 62 58 55 38 51 
 (€ thousands) 

 
 Costs 20 22 19 18 20 24 21 21 15 20 
 (€ hundreds)   
 

(a) A simple linear regression model was fitted to the data and the results are 

shown overleaf.  Explain the model on which the output is based.  Carefully 

explain the interpretation of the model parameters in this context. 

          (5 Marks) 

 

(b) Calculate a 95% confidence interval for the slope coefficient.  Interpret the 

interval you calculate in this context.     (5 Marks) 

 

(c) The output contains two intervals corresponding to volume = 55 (i.e., 

€55,000).  Explain the difference between the intervals headed „CI‟ and „PI‟ 

and why one is wider than the other.     (5 Marks) 

 

(d) It has been asserted by one of the managers that if regression is used then 

the predictions for high volumes will be less certain than those for low 

volumes, and both would be less certain than middle range predictions.  Is 

this correct – explain.       (5 Marks) 

 

Question 3 Continues… 
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(e) What can be learned from residual analysis when carrying out regression 

analyses; give illustrative examples.     (5 Marks) 

 

 

 

Regression Analysis: Costs versus Volume  
 
The regression equation is 

Costs = 2.98 + 0.332 Volume 

 

 

Predictor     Coef  SE Coef      T      P 

Constant     2.982    1.646   1.81  0.108 

Volume     0.33174  0.03182  10.42  0.000 

 

 

S = 0.667603   R-Sq = 93.1%   R-Sq(adj) = 92.3% 

 

 

Analysis of Variance 

 

Source          DF      SS      MS       F      P 

Regression       1  48.434  48.434  108.67  0.000 

Residual Error   8   3.566   0.446 

Total            9  52.000 

 

 

Unusual Observations 

 

Obs  Volume   Costs     Fit  SE Fit  Residual  St Resid 

  7    58.0  21.000  22.223   0.300    -1.223     -2.05R 

 

R denotes an observation with a large standardized residual. 

 

 

Predicted Values for New Observations 

 

New 

Obs     Fit  SE Fit       95% CI            95% PI 

  1  21.227   0.242  (20.670, 21.785)  (19.590, 22.865) 

 

 

Values of Predictors for New Observations 

 

New 

Obs  Volume 

  1    55.0 
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4. Juntra Karbwang of Mahidol University, Bangkok, treated 97 patients suffering 

from severe drug resistant malaria with either quinine - the standard treatment for 

severe cases - or artemether.  Of the 50 patients treated with quinine, 18 died.  

Of the 47 treated with artemether 6 died.   

 

 

 (a) Carry out a Z-test to compare formally the sample proportions who survived 

under the two treatments.  Interpret the result of the test in this context. 

          (5 Marks) 

 

 (b) Calculate a 95% confidence interval for the difference between the 

corresponding population proportions.  How should this interval be 

interpreted?        (4 Marks) 

 

 (c) Calculate and interpret a 99% confidence interval for the population 

proportion of such patients who would survive if artemether were routinely 

prescribed.        (4 Marks) 

 

 (d) Explain what is meant by the „odds-ratio‟, calculate it for the current dataset 

and comment on your result.      (4 Marks) 

 

 (e) Use this example to illustrate an explanation of the kinds of error that may 

arise when carrying out statistical significance tests.  Your discussion should 

refer to the significance level and power of a test, and should relate these to 

the kinds of error you discuss.     (8 Marks) 
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5. During cooking, doughnuts absorb fat in various amounts.  A researcher wished 

to learn if the amount absorbed depends on the type of fat used (data from 

Snedecor and Cochran, 1967).  For each of four fats, six batches of doughnuts 

were prepared.  The data below are the grams of fat absorbed per batch.  A 

partial ANOVA table is also shown. 

 

 Grams of Fat Absorbed Per Batch 

     

Fat 1 2 3 4 

     

 164 178 175 155 

 172 191 193 166 

 168 197 178 149 

 177  182  171 164 

 156 185 163 170 

 195 177 176 168 

     

Mean 172 185 176 162 
 

 
Source of 
variation 

Sums of 
squares 

Fat 1637 
Error 2018 

 
(a) Complete the ANOVA table, state clearly the null hypothesis that 

underlies the standard F-test, carry out the F-test and interpret the result.   

          (8 Marks) 

 

(b) Complete the analysis, using HSD intervals to compare the sample 

means, and write a report setting out your conclusions. (8 Marks) 

 

  (c) Describe the model that underlies your analysis.  (5 Marks) 

 

  (d) Calculate and interpret a confidence interval centred on the sample mean 

for Fat 4.        (4 Marks) 

 

 


