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QUESTION 1 [8] 
 
a) Describe a sampling distribution in terms of repeated sampling. (3) 

 
 
 
 
 
 
 
 
 
 

b) If Z1, Z2, . . . , Zn are independent and each has the standard normal distribution, then  
 Z1

2 +Z2
2+ . . . + Zn

2 follows which distribution? (1) 

 
 
 
 
c) Water samples are taken from water used for cooling as it is being discharged from a 

power plant into a river. It has been determined that as long as the mean temperature of 
the discharged water is at most 65°C, there will be no negative effects on the river’s 
ecosystem. To investigate whether the plant is in compliance with regulations that prohibit 
a mean discharge water temperature above 65°C, 50 water samples will be taken at 
randomly selected times and the temperature of each sample recorded. State the relevant 
hypotheses and describe the type I and type II errors in the context of this situation. Which 
type of error would you consider more serious? Explain. (4) 
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QUESTION 2 [4] 
 
To test the ability of mechanics to identify simple engine problems, a car with a single simple 
problem was taken in turn to 72 different car repair facilities. Only 42 of the 72 mechanics who 
worked on the car correctly identified the problem. Find the probability of making a Type II error 
given 𝑝 = 0.745. Suppose the rejection region is 𝑝̂ < 0.74.  

 

 

 

 

 

 

 

 

 

 

 

  

QUESTION 3 [7] 
 
A researcher classified his subjects as right-handed or left-handed by comparing thumbnail 
widths. He took a sample of 400 men and found that 80 could be classified as left-handed 
according to his criterion.   
 
a) Estimate the proportion of all men in the population who would test to be left-handed 

using a 99% lower confidence bound.  Interpret your result. (4) 
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b) What sample size is necessary if the 95% confidence interval for p is to have a width of 

at most 0.1 irrespective of p? (3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUESTION 4 [17] 
 
Which foams more when you pour it, Coke or Pepsi?  Here are measurements by Dian Warfeld 
on the foam volume (mL) after pouring a can of Coke, based on a sample of 12 cans: 
 
 312.2 292.6 331.7 355.1 362.9 331.7 
 292.6 245.8 280.9 320.0 273.1 288.7 
 
And here are the measurements for Pepsi, based on a sample of 12 cans: 
 
 148.3 210.7 152.2 117.1   89.7 140.5 
 128.8 167.8 156.1 136.6 124.9 136.6 
 
The following summary statistics are given: 
 

 PEPSI COKE 

Sample mean 307.3 142.4 

Sample standard deviation 34.6 29.6 

 
Assume normality of the underlying distributions.   
 
a) Use the appropriate hypothesis to determine whether the average foam volume of Coke 

is less than the average foam volume of Pepsi.  Use 𝛼 = 0.10. (10) 

  
 Parameters: 
 
 
 
 Hypotheses: 
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 Test Statistic: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Rejection region: 
 
 
 
 
 
 
 
 
 
 
 
 Decision: 
 
 
 
 
 Conclusion: 
 
 
 
b) Using your answer in a), comment on whether you are subject to a Type I or a Type II 

error.  Describe this error in the context of this problem. (2) 
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c) Using a significance level of 10%, determine whether the equal variance assumption is 

satisfied. (5) 

  
 Hypotheses: 
  
  

 
 
 Test Statistic: 

 

 

 

 

 

 

 
  
 Rejection region: 
 
 
 
 
 
 
 
 
 
 
 Decision: 
 
 
 
 
 
 Conclusion: 
 
  



STA01B1, 2022 Paper C  

 

7 

 
QUESTION 5 [5] 
  
Determine whether 

𝑀𝑆𝐸 =
𝑆𝑆𝐸

𝑛 − 𝑘
=

(𝑛1 − 1)𝑠1
2 + (𝑛2 − 1)𝑠2

2 + ⋯ + (𝑛𝑘 − 1)𝑠𝑘
2

𝑛 − 𝑘
 

 
as found when performing ANOVA, is an unbiased estimator of 𝜎2 or not. Keep in mind that one 
of the assumptions that has to be satisfied when performing an ANOVA, is the assumption of 
equal variances (homoscedasticity). 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUESTION 6 [4] 
 
In a survey of study habits among first-year statistics students, 25 students are involved in a 
random sample. Their average daily study time on weekdays is 3.75 hours, with a standard 
deviation of 45 minutes. Predict the maximum number of hours that a first-year statistics student 
studies on weekdays by calculating a 97.5% upper prediction bound. Interpret your result.  
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QUESTION 7 [11] 
 
A study was carried out to see if fluoride toothpaste helps to prevent cavities. The dependent 
variable was the DMFS increment, the number of new Decayed, Missing, and Filled Surfaces. 
The table gives summary data. 
 

Group Sample size Sample mean Sample SD 

Control 289 12.83 8.31 

Fluoride 260 11.18 7.51 

 
a) Carry out the appropriate hypothesis test for the difference between true means and 

conclude whether fluoride toothpaste is beneficial, using a significance level of 1%. (9) 

 
1. Parameters: 
 
 
 
2. Null hypothesis: 
 

 
 

3. Alternative hypothesis: 
 
 

  
4. Test statistic:  
 

 
 
 
 
  
 
5. Rejection region and p-value: 
 
 
 
 
 
 
 
 
6. Decision: 
 
 
 
7. Conclusion: 
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b) Which assumption(s) had to be satisfied before the test in a) could be applied? (2) 

 
 
 
 
 
QUESTION 8 [15] 
 
A university department is reviewing the delivery methods it uses to teach and assess.  It decides 
to undertake a series of controlled tests to assess the suitability of a particular method of delivery 
before implementing the new method.  To test the hypothesis that the proposed method 
improves performance, the department randomly placed four students into three different 
groups, in which each student will experience one method of delivery only, and all sessions are 
taught by the same lecturer to reduce lecturer bias. The marks of the students are shown in the 
following table: 

STUDENT LECTURE + 
SEMINAR 

WORKSHOP WORKSHOP AND 
VIRTUAL LEARNING 

ENVIRONMENT 

1 16 19 24 

2 21 20 21 

3 18 21 22 

4 13 20 25 

 
a)  It is given that 𝑆𝑆𝑇 = 118. Construct an ANOVA table. Clearly show the calculation of 

𝑆𝑆𝑇𝑟.   (6) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

Source of variation SS df MS F 

Treatments     

Error     

Total     
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b) Using a significance level of 5%, determine whether the data presents sufficient evidence 

to indicate a significant difference in mean performance among the three delivery 
methods.  Clearly state the hypotheses, give the critical value(s), and state the 
conclusion.   (3) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Explain the principle of Analysis of Variance (ANOVA) in no more than 3 sentences. (3) 

 

 

 

 

 

 

 

 

  

d) The three treatment means were ranked using Tukey’s procedure with α = 0.05. 

 

17 20 23 

   

   

 

 Interpret the given result and then comment on which delivery method should be used 

to teach and assess. (3) 

 
  

1x 2x
3x
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QUESTION 9 [7] 

The table below classifies 250 men according to place of work and place of birth. 
 

 Place of work 

Place of Birth Government Private sector 

Rural area 80 34 

City 92 44 

 
Test whether men who grow up in rural areas have a preference to either work in government 
or in the private sector. Use a 5% level of significance.  

 
 Null Hypothesis:  
 
 
 
 Test statistic: 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rejection region: 
 
 
 
 
 
 
 
 

 Decision: 
 
 
 
 Conclusion: 
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QUESTION 10 [18] 
 
In an investigation into the effect of the landing speed on the number of landings made with a 
set of landing tyres on the Boeing 737, the following data was obtained:  
 

Observation Number of landings Landing speed 

1 84 112 

2 85 114 

3 84 116 

4 80 118 

5 81 120 

6 76 122 

7 78 124 

8 71 126 

9 72 128 

10 68 130 

11 69 132 

12 64 134 

 
SUMMARY 
OUTPUT      

Regression Statistics     

Multiple R 0.968124802     

R Square 0.937265633     

Adjusted R Square 0.930992196     

Standard Error 1.860896844     

Observations 12     

ANOVA      

  df SS MS F Significance F 

Regression 1 517.3706294 517.3706294 149.4022617 2.45642E-07 

Residual 10 34.62937063 3.462937063   

Total 11 552       

      

  Coefficients Standard Error t Stat P-value Lower 95% 

Intercept 192.979021 9.585449482 20.13249575 2.01189E-09 171.6213086 

Landing speed 
-

0.951048951 0.077808006 
-

12.22302179 2.45642E-07 -1.124415992 

 
a) Give the least-squares prediction equation and interpret the slope of the fitted model in 

terms of this example.  (3) 
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b) What proportion of variation in the number of landings can’t be explained by the variation 

in landing speed. (2) 

 
 
 
  
 
c) Give the value of the correlation coefficient and comment on the strength and direction of 

the relationship between number of landings and landing speed. (2) 

 
 
 
 
 
d) Predict the number of landings when landing speed = 129.   Comment on whether this 

prediction is reliable.  (3) 

 
 
 
 
 
  
 
e) Calculate the value of the residual for 𝑥 = 118 and explain the concept of a residual using 

your answer.  (3) 

 
 
 
 
 
 
f) Do the data present sufficient evidence at the 5% level of significance to indicate that 

number of landings is linearly related to landing speed?   
 Identify the two test statistics in the printout that can be used to answer this question.  

Clearly state the hypotheses, the calculated values of the two test statistics, the p-value 
and your final conclusion. (5) 

 
  

. 
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QUESTION 11 [4] 
 
Consider estimating a population proportion of “successes” p. The natural estimator of p is the 

sample proportion of successes p̂ . The number of successes X in the sample has a binomial 

distribution with parameters n and p. It is known that p̂  is an unbiased estimator of p. Is 
2p̂  an 

unbiased estimator of 
2p ?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

---oOo--- 
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