Supplementary exercise 8

The first five questions assume no interactions.

(The question numbers follow those in the tutorial.)

8.6
Carry out a oneway ANOVA on the following packing times (min)in a warehouse to see if there is any significant difference between them at 5% significance.

	Packers

	1
	2
	3
	4

	10
	7
	6
	6

	  5
	4
	3
	2

	  9
	5
	8
	6

	  8
	5
	6
	5


8.7
Carry out a two-way ANOVA on the following packing times to see if there is a significant difference between either/or Packers and Shifts.

	Packers
	Shifts

	
	A
	B
	C

	1
	9
	7
	7

	2
	5
	6
	9

	3
	2
	3
	1

	4
	6
	8
	7


8.8
In an effort to expand its services, a regional transport authority conducted an experiment to determine which of four routes to take from an airport to the centre of the business district of the city. The following data indicate the travel times ( in minutes) along each of the four routes.


	                   Route

	Day
	1
	2
	3
	4

	Monday
	20
	22
	22
	24

	Tuesday
	23
	24
	26
	26

	Wednesday
	22
	25
	27
	25

	Thursday
	27
	23
	30
	27

	Friday
	28
	26
	30
	27


Carry out a two-way ANOVA on Days and Routes. If either are significant, carry out a pairwise test in order to see where the difference lies.

8.9
Four kinds of fertiliser, A, B, C, and D, could be used to increase the yield of peas. The ground is divided into twelve plots of the same size with three blocks each containing four homogenous plots. The yields (in kg per plot) are as follows.

	                     Fertiliser

	Block
	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)
Carry out a one-way ANOVA to see if there is any difference between the four fertilisers.

b)
Carry out a two-way ANOVA to see if there is any difference between the fertilisers.

c)
If you find a significant result, test pairwise to see where the difference lies.

The following question include interactions.     Ignore it if you have not covered them.

8.10
A study was made to determine if humidity conditions have an effect on the force required to break cotton thread made with different structures. Three different structures of thread, A, B and C, were tested using four different levels of humidity. The results, in Newtons, are given as follows:

	
	Humidity

	Thread structure
	30%
	50%
	70%
	90%

	A
	39.0

42.8
	33.1

37.8
	33.8

30.7
	33.0

32.9

	B
	36.9

41.0
	27.2

26.8
	29.7

29.1
	28.5

27.9

	C
	27.4

30.3
	29.2

29.9
	26.7

32.0
	30.9

31.5


a)
Test the hypotheses of no difference between the strengths of the ropes of the different structures and also no interaction at 5%.

b)
Perform a similar analysis using only rope structures A and B and again test for an interaction.

8.11
A Latin square is used in this question. The atmosphere in five different districts of a large town was sampled, each district being sampled at five different heights. Each sample was tested by one of five different tests for the presence of a certain type of pollution. The arrangement shown in the table gives a measure of the weight of the chemical as determined by the tests. The different tests are denoted by the different letters.

	
	Districts

	Heights
	1
	2
	3
	4
	5

	1
	10 (C)
	12 (B)
	20 (A)
	6 (D)
	4 (E)

	2
	  9 (D)
	10 (C)
	24 (B)
	0 (E)
	5 (A)

	3
	12 (B)
	  3 (E)
	25 (C)
	7 (A)
	2 (D)

	4
	16 (A)
	  6 (D)
	18 (E)
	4 (C)
	6 (B)

	5
	14 (E)
	  8 (A)
	23 (D)
	9 (B)
	3 (C)


Is there any evidence of significant variation from district to district or between heights? Are the results from the different methods of analysis consistent?

Answers
8.6
( FTr = 2.34,     F0.05 (3,12) = 3.49       No significant difference between packers)

8.7
( FTr = 0.14,  FBl = 8.23;     F0.05(2,6) = 5.14,  F0.05(3,6) = 4.76   


No difference between Shifts, but at least two of the Packers different.

8.8
FRoute = 4.53, FDay = 8.20;   F0.05(3,12) = 3.49, F0.05(4,12) = 3.26       Both significant.


Routes: 1 & 2 different to 3 & 4;  Days: Monday different from the rest; Tues & Wed different from Thursday & Friday. 

8.9
(a) FFert = 2.14,  F0.05(3,8) = 4.07  No significant difference.


(b) FFert = 5.88, FBl = 7.98;  F0.05(3,6) = 4.76,  F0.05(2,6) = 5.14  Both significant.


(c) Fertilisers:  A & C different to B & D.  Blocks:  3 different from 1& 2. 

8.10
(a) Thread Structures:  F = 16.95, F0.05(2,12) = 3.89 Significant difference between the strength of the different structures.


Interaction:  F = 5.31,  F0.05(6,12) = 3.00,  interaction significant.


(b) F = 11.39,  F0.05(3,12) = 3.49  Humidity did affect the strength of the threads.

8.11
Districts:  F = 33.73;  Heights: F = 0.32;  Tests: F = 2.15;  F0.05(4,12) = 3.26  So difference between at least two Districts but not between Heights.  The different tests produce consistent results.
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