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A firm wishes to compare four programs for training workers to perform a certain 

manual task. Twenty new employees are randomly assigned to the training 

programs, with 5 in each program. At the end of the training period, a test is 

conducted to see how quickly trainees can perform the task. The number of times 

the task is performed per minute is recorded for each trainee, with the following 

results: 
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Q4)  to use the one way ANOVA- test, we need to make sure that  

1) The independence of the four samples: It is very clear that there is no correlation 

between the values of the four samples. 

2) The populations follow a normal distribution (can ignore this requirement 

when 𝑛1, 𝑛2, 𝑛3, 𝑛4 > 30 for each of the four samples) i.e. 

𝐻0: 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠 𝑓𝑜𝑙𝑙𝑜𝑤 a normal distribution 

𝑉𝑠 

 𝐻1: 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠  𝑑𝑜 𝑛𝑜𝑡 𝑓𝑜𝑙𝑙𝑜𝑤 a normal distribution  
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Helps in the normality test 
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As P − value > .05 for the four populations. 

So, we except 𝐻0: 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠 𝑓𝑜𝑙𝑙𝑜𝑤 a normal distribution  
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3) Homogeneity of Variance (to get a test of the assumption of homogeneity of 

variance) i.e. 

𝐻0: 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1
2 = 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2

2 = 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3
2 = 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4

2    

                                   i.e. the variances of each sample are equal 

 𝑉𝑠 

    𝐻1: 𝑇ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠 𝑎𝑟𝑒 𝑛𝑜𝑡 𝑎𝑙𝑙 𝑒𝑞𝑢𝑎𝑙 

This will be clear later. 

Now, the goal of the question: 

                           𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4  

                                          i.e. treatments are equally effective 

𝑉𝑠 

   𝐻1: 𝑇ℎ𝑒 𝑚𝑒𝑎𝑛𝑠 𝑎𝑟𝑒 𝑛𝑜𝑡 𝑎𝑙𝑙 𝑒𝑞𝑢𝑎𝑙         

𝑎𝑡 𝛼 = .05 
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 Helps in the homogeneity of variance test 
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test) we -in Analysis of Variance (ANOVA one way 0If we reject H 

need to look at the multiple comparisons output by use the appropriate 

post hoc procedure (LSD) to determine whether unique pairwise 

comparisons are significant. 

As P − value >  .05 .So, we except 

 𝐻0: 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1
2 = 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2

2 = 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3
2 = 𝜎𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4

2    

. 

= 4 − 1 

= 20 − 4 

= 20 − 1 

𝑎s  𝑃 − 𝑣𝑎𝑙𝑢𝑒 < .05 ,then we reject 𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4. 
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1) 𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2  𝑣𝑠  𝐻1: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 ≠ 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2 𝑎𝑡 𝛼 = .05 

𝑎s  𝑃 − 𝑣𝑎𝑙𝑢𝑒 = .01 < .05 , then we reject 𝐻0. 

2) 𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3  𝑣𝑠  𝐻1: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 ≠ 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3 𝑎𝑡 𝛼 = .05 

as P − value = .7 > .05, then we except 𝐻0. 

3) 𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4  𝑣𝑠  𝐻1: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 1 ≠ 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4 𝑎𝑡 𝛼 = .05 

𝑎s  𝑃 − 𝑣𝑎𝑙𝑢𝑒 = .006 < .05 , then we reject 𝐻0. 

4) 𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3  𝑣𝑠 𝐻1: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2 ≠ 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3 𝑎𝑡 𝛼 = .05 

𝑎s  𝑃 − 𝑣𝑎𝑙𝑢𝑒 = .004 < .05 , then we reject 𝐻0. 

5) 𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4  𝑣𝑠  𝐻1: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 2 ≠ 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4 𝑎𝑡 𝛼 = .05 

as P − value = .847 > .05, then we except 𝐻0. 

6) 𝐻0: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3 = 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4  𝑣𝑠  𝐻1: 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 3 ≠ 𝜇𝑝𝑟𝑜𝑔𝑟𝑎𝑚 4 𝑎𝑡 𝛼 = .05 

𝑎s  𝑃 − 𝑣𝑎𝑙𝑢𝑒 = .003 < .05 , then we reject 𝐻0. 


