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INSTRUCTIONS
· Answer question ONE and any other TWO questions.
· Use of calculators and statistical tables is allowed.
· Do not write anything on the question paper.

QUESTION ONE (30 MARKS): COMPULSORY QUESTIONS
(a) Explain the following terms as used in the design of experiment:
(i) Treatment.									(1 marks)
(ii) Randomisation. 								(1 marks)
(iii) Replication. 									(1 marks)
(iv) Control.									(1 marks)

(b) In an experiment, there is 2 two-level factor, A and B; and 6 three-level factors, C, D, E, F G and H and 1 two-factor interaction, AC. Calculate the total degree of freedom. (5 marks)

(c) Using equations define the Taguchi loss of function. 				(6 marks)

(d) Determine the Taguchi experimental design orthogonal array. The operating conditions for each parameter and level are listed on Table 1. 				(4 marks)






Table 1: Experimental operating conditions for each parameter and their levels
	A: Temperature
	B: Pressure
	C: Doping Amount
	D: Deposition Rate

	A1 = 100ºC
	B1 = 2 psi
	C1 = 4%
	D1 = 0.1 mg/s

	A2 = 150ºC (current)
	B2 = 5 psi (current)
	C2 = 6% (current)
	D2 = 0.2 mg/s (current)

	A3 = 200ºC
	B3 = 8 psi
	C3 = 8%
	D3 = 0.3 mg/s



(e) Describe five important characteristics of a well-planned designed experiment. (5 marks)

(f)(i)Explain the main purpose of principal component analysis. 			(2 marks)
(ii) A random sample of sixproducts form Ndagani and fiveproducts from Chuka town was taken and their contamination E. coli contamination levels in CFU obtained as follows:

	Ndagani
	20.00
	16.25
	19.25
	24.75
	28.00
	21.00

	Chuka town
	26.25
	18.00
	24.25
	30.00
	29.50
	


Determine if contamination levels for the two sites are the same assuming that the underlying distribution is unknown. Take α = 0.05.						(4 marks)



QUESTION TWO (20 MARKS)
(a) Discuss the Steepest Ascent Method of Response Surface Methodology used to obtain optimum response.								(6 marks)

(b) A second order model was fitted using the copper-aluminium oxide filmsquality as the response and temperature, copper oxide and aluminium oxideas the independent variables, giving results in Table 2.

Table 2: Results form a second order model fit
	Term
	Estimate
	SD
	F-statistic
	p.value

	(Intercept)
	6.671
	155.542
	-1.778
	0.135

	X1
	9.522
	6.878
	-1.384
	0.022

	X2
	9.139
	5.601
	-1.631
	0.016

	X3
	4.009
	120.426
	-1.611
	0.016

	X1X2
	0.276
	0.184
	1.496
	0.019

	X1 X3
	4.494
	2.956
	-1.520
	0.018

	X2 X3
	0.850
	2.111
	0.402
	0.070

	
	0.565
	0.219
	-2.573
	0.049

	
	0.368
	0.112
	-3.284
	0.021

	
	0.262
	28.713
	-1.645
	0.016


 = Temperatures,  = Copper oxides,  = Aluminium oxides

(i) Write down the summary statistical equation. 				(3 marks)
(ii) Interpret the results. 								(11 marks)

QUESTION THREE (20 MARKS)
(a) A fractional factorial experiment laid down in 5 x 5 Latin Square Design was carried out and the following summary obtained:Treatment totals: Treatment A = 143, Treatment B = 101, Treatment C = 112, Treatment D = 149, and Treatment E = 130. From analysis of variance the following was also obtained: CF = 16129, TSS = 676, SSR = 150, SSC = 68. Test if there is treatment effect. Take α = 0.05. 					(8 marks)

(b) A full factorial experiment with two factors each at two levels and replicate three times was laid out in Randomised Complete Block Design (RCBD). Generate a plot layout and write down a skeleton of analysis of variance (ANOVA) table. 			(12 marks)

QUESTION FOUR (20 MARKS)
Soil samples from fivelocation (A, B, C, D and E) were assessed for their lead contamination in ppb and results in Table 3 obtained.
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Table 3: Concentration (ppb) of lead obtained from 4 locations.
	[bookmark: OLE_LINK1]Location
	Replicate 1
	Replicate 2
	Replicate 3

	A
	6.5
	6.5
	5.7

	B
	7.9
	5.7
	6.3

	C
	5.5
	5.7
	5.9

	D
	5.3
	5.9
	5.7

	E
	8.1
	7.1
	6.9


Perform analyse of variance and test if the five laboratories yields significantly different results. Take α = 0.05. 							 (20 marks)
----------------------------------------------------------------------------------------------------------------
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