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Instructions 
 

The exams consists of 4 questions, 1-4. Each question has four items, a-d.  

Within each question: 

Item (a) carries a weight of 8 marks. 

Item (b) carries a weight of 7 marks. 
 
Item (c) carries a weight of 6 marks. 

Item (d) carries a weight of 4 marks. 

The total marks in the exam are 100. 

Answer ALL questions in the spaces provided. If more space is required, use the back of 
the PREVIOUS page.  

Show all your working and include sketches where appropriate.  

Work written in the Formulae and Tables section will NOT be marked. 
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Question 1 
 

You are presented with a sample composed of 100n  observations 
 10021 ,,, yyyy  . 

Assume that 



80

1

74
i

iy  and 



100

81

26
i

iy . 

(a) Calculate the sample mean for this sample.  

 
 

 

 

 

 

 

 

 

y =______________ 

 

(b) You are told that the sample standard deviation equals 0. Given the information 
above, is it possible? Explain your answer in a few sentences. 
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A QQ plot of the observation (Probability Plot in MINITAB) appears as follows: 

 

(c) Explain (in no more than 4 sentences) how a QQ plot is generated and based on the 
above plot conclude if there is any strong evidence for Normality/Non-Normality of the 
data. 

 

 

 

 

 

 

 

 

 

(d) Assume now that the smallest 10 observations are changed to equal exactly -1 and 
the largest 10 observations are change to equal exactly +3. Draw a sketch of the 
revised QQ Plot. 
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Question 2 
 

A pile of assorted bricks is used to build a wall. The mean height of a brick is 10cm, with 
a standard deviation of 3cm. Brick heights are assumed to be Normally distributed. 

(a) What is the probability that a randomly chosen brick has a height in the range ?]13,7[  

 

 

 

 

 

 

 

 

 

Probability = ______________ 

 

(b) A sample of 16 bricks is taken. What is the probability that the sample mean is less 
than 9cm? 

 

 

 

 

 

 

 

 

 

 

 

Probability = ______________ 
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(c) If 10 bricks are laid on top of each other, the mean height of the resulting wall is 1m 
(assuming there are no grout lines between each layer), however the actual height of 
a wall constructed in this fashion will vary. A finished height of less than 1m is not 
desirable. What is the minimum number of bricks needed to ensure that the height of 
the wall will exceed 1m with a probability of at least 99%?  

 

 

 

 

 

 

 

 

n = ______________ 

 

(d) You are now using two bricks with a single layer of grout between them to construct a 
tiny wall with a desired height of at least 12 cm. Assume grout height is randomly 
distributed according to a Normal distribution with a mean of 3cm and a standard 
deviation of s. What is the minimum s, such that the wall height will exceed 12cm with 
a probability of at least 99%? 

 

 

 

 

 

 

 

 

 

 

 

 

s = ______________ 
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Question 3 
 

You are investigating the wear of a bicycle chain using two types of lubricants. You 
obtain data for the wear using lubricant X on 12 bicycles and the wear using lubricant Y 
on 10 bicycles. The sample means are 8mm and 5mm respectively and the sample 
standard deviations are 2.3mm and 2.1mm . 

(a) Assume you have reason to believe that the population variances of the wear are the 
same. Calculate the pooled sample standard deviation. 

 

 

 

 

 

 

 

 

Ps = ______________ 

 

(b) Construct and interpret a 95% confidence interval for the difference in mean wear 
between the two lubricants. 

 

 

 

 

 

 

 

 

 

Confidence Interval=_____________________ 

Interpretation: ___________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 
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(c) You wish to test whether the mean wear is the same for both lubricants. Carry out an 

hypothesis test for: YXH  :0  vs. YXAH  : , assuming ,01.0 and state your 
conclusion. 

 

 

 

 

 

 

 

p-value=_____________________ 

conclusion: ___________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

 

 

 

 

 

 

 

(d) Assume that you wish to construct a confidence interval for the wear of lubricant X 
with a width of no more than 0.5mm and a confidence level of 99%. Assuming the 
sample standard deviation as above, calculate the minimum sample size needed. 

 
 
 
 
 

 

 

 
 
 
n = ______________ 
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Question 4 
 

A manufacturing company is trying to become e-smart. It has gone on-line and is 
investigating the weekly revenue obtained from advertising. Over 15 weeks, advertising 
revenue (in $) is recorded as a function of the number of page visits. The data (together 
with a least squares line) looks as follows: 
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(a) Describe the graph above. Does the model, 

jjj xY   10 , with  ),0(~ 2 Nj , 

seem reasonable? 
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(b) In fitting the model above,  MINITAB output yields: 

Coefficients 

Term            Coef  SE Coef  T-Value      

Constant        32.8     28.9     1.13     

Page Visits  0.09208  0.00464    19.84       

Test the significance of the regression. Namely  0: 10 H  vs. 0: 1 AH . Use the fact 

that under the null-hypothesis, the test statistic follows a t-distribution with n-2 degrees of 
freedom. 
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(c) In carrying out the hypothesis test above, there are some assumptions made about 
the distribution of the residuals and their variances.  
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Based on the above plot, comment on the validity of the corresponding model 
assumption: 
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(d) Assume an extra observation is collected with revenue of $832 from a week with only 
198 page visits. How would this change the fitted model and output? Comment on the 
estimates of the slope and the intercept as well on the residual plot. 
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Formulae and Tables 
Summary Statistics: 

Suppose      2
21

2
21 ,~,,,  and  ,~,,, XXmYYn NXXXNYYY     are two independent 

samples.  The sample means and sample variances are respectively,   
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Note that, 
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The (two‐sample) pooled sample variance is  
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The ECDF function is:  
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Sampling Distributions: 
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Confidence Intervals for the Mean: 

If Y is known, use    nzy Y
* . 

If Y estimated by  Ys ,use   nsty Y
* . 

 

Confidence Intervals for the Difference in Means for Independent Samples: 

If Y and X are known, use   












mn
zxy XY

22
* 

. 

If Y and X are unknown but assumed equal, use    









mn
stxy P

11* . 
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Hypothesis Test Basics: 

Type I error: Rejection of the null hypothesis falsely (rejecting the null hypothesis when it 
is actually true). 
Type II error: Non‐rejection (retention) of the null hypothesis falsely (not‐rejecting the 
null hypothesis when the alternative hypothesis is true). 

)|Pr()Pr( 00 holdsHHrejecterrorItype            

)|Pr()Pr( 0 holdsHHrejectnoterrorIItype A  

Significance level :  )Pr( errorItype  

Power =  )Pr(1 errorIItype  

General Hypothesis Test Procedure: 

i. Write down the null and alternative hypotheses. 
ii. Select an appropriate test statistic for the test and compute it based on data. 
iii. Sketch the distribution of the test statistic and mark the observed value on the 

plot (also the “opposite” value if the test is two‐sided). 
iv. Compute the tail area (or bounds for the tail area), which gives the p‐value 

(multiply the area by 2 for a two‐sided alternative hypothesis). 
v. State the conclusion: If computationally possible, report the p‐value; otherwise, 

compare the test statistic with the critical value. 
 
Hypothesis Tests for the Mean: 

To  test  against 00 :  H :  If  Y   is  known,  use: 
 

n

y

Y
0

  and  the  standard  Normal 

distribution; otherwise, use: 
 

ns

y

Y

0  and the  1nt distribution. 

Hypothesis Tests for the Difference in Means for Independent Samples: 

To test against XYH  :0 :  If Y and X are known, use 

mn

xy

XY
22 




 as a test statistic. 

If Y and X are unknown but assumed equal, use 

mn
s

xy

P

11



 as a test statistic. 

Single Factorial Models (analysed through ANOVA): 

For factor levels i=1,…,k,     jiijiY ,,    , with ),0(~ 2
,  Nji . 

Simple Linear Regression (estimated through least squares): 

jjj xY   10 , with ),0(~ 2 Nj .
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Standard Normal Cumulative Probabilities 
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t-Distribution Quantiles 

 

 

 

 

 

END OF EXAMINATION 


