6
Analysis of Variance

Analysis of variance can be thought of as means testing which can be extended to look at the difference between more than two group means and also consider more than one grouping variable XE "variable"  at a time.

The variation between the group means is compared to the overall variation within the sample. If this ratio is large the difference between the group means is significant; if it is small if may have occurred by chance and the means may all be the same. The null hypothesis is that all the group means are equal; the alternative hypothesis is that at least one is different.

The method, described in Chapter 8, may seem complicated but it has the advantage of comparing all the groups together at the stated significant level rather than doing multiple pair-wise tests which would increase the probability of error considerably.

For the method in detail refer back to Chapter 8. The production of the analysis of variance table always follows the same route so should be followed pedantically. The subsequent testing of the null hypothesis of no difference between group means is carried out by working through the standard hypothesis testing steps.

Revision questions

6.1
The times given below are a random sample of those needed to complete a task on a production line using three different methods.

	Method 1
	Method 2
	Method 3

	5.3
	7.5
	5.0

	4.0
	4.8
	3.6

	6.9
	4.4
	4.0

	3.7
	4.8
	3.5

	4.9
	4.8
	4.3

	5.0
	6.5
	3.7

	4.5
	4.0
	2.4

	6.1
	2.1
	3.6


Test at the 1% level whether or not there is a significant difference between these production lines.

(Ftimes = 2.71  F0.01 (2,21) = 5.78 There is not a significant difference between the method times at 1%)

6.2
In order to test the yield of three different varieties of peas, a field is split up into six blocks. Each block is then subdivided into three equal areas and assigned one of the pea varieties at random. The yields in kilograms were as follows:

	
	Variety

	Block
	A
	B
	C

	1
	13.9
	16.3
	14.3

	2
	12.3
	14.9
	14.8

	3
	11.9
	16.7
	11.9

	4
	12.8
	13.9
	12.7

	5
	  7.8
	10.4
	  8.2

	6
	14.3
	17.3
	15.0


a)
Carry out a one-way ANOVA at 5% significance to see if there is any difference between the yields of the three different varieties of peas.

b)
Carry out a two-way ANOVA at 5% significance to see if there is any difference between the yields taking the blocks into consideration.

{(a)  F(varieties) = 2.04,  F0.05 (2,17) = 3.68,  varieties not significant.  

(b) F(varieties) = 15.5,  F0.05 (2,10) = 4.10,  varieties significant when blocks taken into account.}

6.3
Four salesmen in your company are competing for the title ‘Salesman of the year’. Each has the task of selling ‘cold’ in three different types of location. Their resulting sales, in £’000, were as follows:

	
	Salesmen

	Area
	A
	B
	C
	D

	1
	52.8
	49.4
	58.6
	42.9

	2
	60.1
	48.1
	61.0
	50.3

	3
	62.0
	56.4
	63.3
	61.2


a)
Is there any significant difference, at a 5% level, between the sales of the men if the location is not taken into account?

b)
Is there any significant difference, at a 5% level, between the sales of the men if the location is taken into account?

c)
Which salesman won?  Did he do significantly better than his nearest rival?


{(a)  Fsalesmen = 2.14,  F0.05 (3,8) = 4.07, no significant difference.


  (b)  Fsalesmen = 5.88,  F0.05 (3,6) = 4.76, significant difference when locations  
taken into consideration.


  (c)  Salesman C,  not significantly better than Salesman A, LSD = 5.53.)}

6.4
Your school wishes to compare students' reactions to the three different levels of printing facilities provided in different computer laboratories, which are identical in all other aspects of their provision. Room A has two central printers at the front but no local printers;  Room B has local printers at pairs of  workstations; Room C sends all printing to a fast central printing room where it can be collected from the pigeon holes.

In order to provide the necessary data for making the comparisons all the three rooms were used by the same eight students who then filled in the same questionnaires. Later analysis of these questionnaires provided the following preference scores:

	
	Students - Blocks

	Treatments
	1
	2
	3
	4
	5
	6
	7
	8

	Room A
	21
	19
	15
	18
	21
	18
	23
	20

	Room B
	25
	24
	21
	22
	23
	23
	20
	21

	Room C
	17
	14
	15
	17
	16
	13
	17
	16


a)
Why is it preferable to use two-way rather than one-way analysis of variance when analysing the data produced in the experiment described above?

 

b)
Calculate the sums of squares between both the treatments, SSTr, and the blocks, SSB, and also the total sum of squares, SST.

                    

c)
Construct an ANOVA table in order to carry out the appropriate analysis. 

d)
Test to see if there is any difference between the preferences for the different types of printing facilities provided.


                   

e)
If appropriate, carry out a test in order to identify the source of this difference.


{(b)  SSTr = 183.0,  SSB = 32.6.  SST = 260.6;  (d)  Frooms = 28.5,  


F0.05(2,14) = 3.74,  difference significant;  (e)  t (14 d.f.) = 1.76 so LSD = 1.57,  all rooms significantly different from each other.)}

6.5
Carry out a Oneway ANOVA on the following rates (pages per hour) of production of text from a word processor by four administrative assistants and see if there is any significant difference between them at 5% significance.

	Administrative assistant

	A
	B
	C
	D

	3.52
	3.48
	3.06
	4.01

	3.02
	2.82
	1.35
	3.11

	3.25
	2.56
	3.36
	2.92

	3.86
	1.72
	2.73
	2.99

	3.31
	2.53
	3.07
	2.71

	3.56
	1.83
	3.33
	3.47

	
	2.75
	3.31
	

	
	
	3.11
	


(Fassistants = 3.30,  F0.05 (3, 23) = 3.03;  there is a significant difference between speeds.)
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