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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 9n  observations  921 ,,, yyyy  	

where	 yi  i5 2
. 

(a) Calculate the sample mean for this sample. 

 

 

 

 

 

 

 

y =______________ 

 

(b) Calculate the sample standard deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

s=______________ 
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(c) Sketch the ECDF, F(x),  for this sample, where  

F(x)  1

n
1{yi  x}

i1

n

 .  

 

(d) Assume now that you are presented with 91 additional observations, 1001110 ,,, yyy  , 

all equalling exactly 0 (that is 0iy  for }100,,10{ i ). Calculate the revised 

sample standard deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

s=______________ 
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Question 2 
 

A manufactured device is made out of 5 sub-components, denoted by .5,,2,1 i  
The i th component has a mean weight of 10 i  grams. The components are assumed to 
be Normally distributed with (population) variances all equalling 4. 
 
(a) What is the probability that the weight of a randomly selected i ’th component 

exceeds 10 i +2? 

 

  

 

 

 

 

 

 

Probability = ______________ 

 

(b) What is the probability that the total weight of the device exceeds 160 grams? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Probability = ______________ 
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(c) A sample of 9 devices is collected. What is the probability that the sample mean is 
less than 140g? 

 

 

 

 

 

 

 

 

 

 

Probability = ______________ 

 

(d) Assume instead that the device can be manufactured with an arbitrary number of 
components, .n  Using the formula 

 





n

i

nn
i

1

,
2

1
 

find the minimum number of components such that the mean device weight exceeds 
300g. Using this, what is the probability that a randomly chosen device weighs less than 
290g? 

 

 

 

 

 

 

 

 

 

 

Probability = ______________ 
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Question 3 
 

You have obtained a random sample of 15 measurements of the temperature from a 
computer CPU, operating at full load with a sample mean of 70 degrees and a standard 
deviation of 5 degrees. A similar independent sample of 15 measurements is obtained at 
light load with a sample mean of 50 degrees and a sample standard deviation of 4 
degrees. 

(a) Calculate and interpret a 95% confidence interval for the mean full load temperature, 
denoted by f , assuming that the measurements are Normally distributed. 

 

 

 

 

 

 

Confidence Interval=_____________________ 

Interpretation: ___________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

 

(b) Calculate a 95% confidence interval for the difference in mean temperatures, 
,lf    assuming Normality and equal variances. 

 

 

 

 

 

 

 

 

 

 

Confidence Interval=_____________________ 
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(c) You wish to test whether the mean temperature at full load is greater than that at the 
light load, i.e. : lfH  :0  vs. lfAH  : . Carry out an appropriate test, 

assuming ,05.0 and state your conclusion. 

 

 

 

 

 

 

p-value=_____________________ 

conclusion: ___________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

 

(d) Assume instead that you are producing a new kind of CPU designed to operate at a 
temperature that is not influenced by a high load. You have carried out the same test 
as in (c) with separate data, and have failed to reject 0H , concluding that your new 

CPU has met its stated goal. Can this be interpreted as there is 100% chance that 
the CPU has not met this goal? Explain why/why not.  

[Your answer should not exceed 4 sentences.] 
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Question 4 
 

You are comparing the strength of 4 types of similar materials and wish to see if the 
material type affects the strength. You carry out an experiment measuring 10 
measurements per material type (a total of 40 strength measurements).  

Denoting the mean strengths of material type i by i , you are interested in testing against 

43210 :  H .  

After collecting the data, you carry out an ANOVA. 

(a) Fill in the blanks in the ANOVA table below : 

Source DF SS MS F-Value P-Value 

Factor   66.03 0.62 0.607 

Residual      

Total  4033.1    

 

 

 

 

 

 

 

 

(b)  Based on the ANOVA, what do you conclude with 1.0 ?  
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(c) In carrying out the above ANOVA, there are some assumptions made about the 
distribution of the residuals and their variances.  

As an aid to see if these assumptions hold, you are presented with the following 
plot: 

 

 

Based on the plot, comment on the validity of the corresponding model assumption: 
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(d) It is known that the meaning of MSE is the pooled sample variance over all four 
types. Assume now that all the means over the four types remain the same, but 
the sample standard deviations are each scaled down by a factor 10. That is, if 
the previous sample standard deviation of type i was is , then it is now 10/is . 

What is the new value of the F-statistic? In which direction does the p-value 
change?    
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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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The (two‐sample) pooled sample variance is  
   

2
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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 


