STA 6208 – Spring 2011 – Exam 2  PRINT Name _______________________
Note: Conduct all tests at at  = 0.05 significance level

Q.1. For the 2-way ANOVA with fixed effects and interaction, considering the following two models:
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p.1.a. Write out the Sums of Squares and Degrees of Freedom for each model: 
Model 1:     SSA =                                                                                                        dfA = 

                    SSB =                                                                                                       dfB =

                   SSAB =                                                                                                    dfAB =

Model 2:     SSTrts =                                                                                                   dfTrts =

p.1.b. (Algebraically) Show that SSA + SSB + SSAB = SSTrts   and that  dfA + dfB + dfAB = dfTrts
Hint: The expansion for SSAB is very much like the expansion for SSA.
Q.2. A 2-Factor (fixed effects ANOVA) is fit, with factor A at 5 levels, and factor B at 3 levels. There were 5 replicates for each combination of factor levels. Compute Bonferroni’s and Tukey’s minimum significant differences for comparing all pairs of means, each (Factors A and B, respectively) with an experiment-wise error rate of 0.05. Note: This is the same as the margin of error for the point estimates (half-width of simultaneous CI’s). Assume that interaction is not present, and give your results as functions of only MSE.
Factor:                                                A                                                                       B


Bonferroni


Tukey


Q.3. The following partial ANOVA table gives the results of a balanced 2-Way ANOVA with interaction. Fill in the following values (for the mixed model, assume the unrestricted model):

    
[image: image2.emf]Source df SS

A 3 600

B 5 750

AB 300

Error 72 360

Total
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Q.5. A published report, based on a balanced 1-Way ANOVA reports means (SDs) for the three treatments as:

    Trt 1:    70 (8)      Trt 2:    75 (6)      Trt 3:    80 (10)

Unfortunately, the authors fail to give the sample sizes. 

p.5.a. Complete the following table, given arbitrary levels of the number of replicates per treatment:


[image: image4.emf]r SSTrt SSErr MSTrt MSErr F_obs F(.05)

2

6

10


p.5.b. The smallest r, so that these means are significantly different is:

 i)  r <= 2                   ii)     2 < r <= 6              iii)  6 < r <= 10                iv) r > 10 

Q.6. For the 2-Way ANOVA with random effects,
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Obtain the following quantities: 
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Q.7. In a large factory, with many Operators, Parts, and Devices, an experiment is conducted to measure the variation in measured strengths of parts. Samples of 5 Operators, 10 Parts, and 3 Devices were obtained; with each combination of Operators, Parts, and Instruments being replicated 2 times. The following model is fit (with all random effects independent).
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p.7.a. Complete the following ANOVA Table:


[image: image8.emf]Source df SS MS E(MS)

O 800

P 450

D 400

OP 720

OD 240

PD 90

OPD 144

Error

Total 3144


p.7.b.i  Obtain an unbiased estimate of 
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p.7.c.i  Obtain an unbiased estimate of 
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p.7.d.i  Obtain an unbiased estimate of 
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Q.8. A tire company with 4 factories has 3 teams of workers at each factory (the teams at Factory A are not the same as those at Factory B, and so on). The company is interested in comparing output among factories, as well as among teams within factories. The experiment is conducted as measuring the output of each team on 3 occasions. 

p.8.a. Write out the appropriate statistical model, stating all elements (parameters and random variables) and ranges of subscripts.

p.8.b.  The following table gives means (SDs) for all teams for all factories. Give the ANOVA table, and test statistics and critical values.
	Factory\Team
	1
	2
	3
	
	Source
	df
	SS
	MS
	F_0
	F(.05)

	A
	100 (10)
	90 (8)
	110 (6)
	
	 
	 
	 
	 
	 
	 

	B
	65 (8)
	70 (6)
	75 (10)
	
	 
	 
	 
	 
	 
	 

	C
	110 (8) 
	120 (6)
	130 (10)
	
	 
	 
	 
	 
	 
	 

	D
	95 (6)
	125 (8)
	110 (10)
	
	 
	 
	 
	 
	 
	 


p.8.c.  Use Bonferroni’s and Tukey’s methods to obtain simultaneous 95% Confidence Intervals among Factory Means.
p.8.d. Derive 
[image: image19.wmf](

)

,

iij

COVyy

···


_1361697522.unknown

_1361697768.unknown

_1361697826.unknown

_1361698276.unknown

Sheet1

		Source		df		SS

		A		3		600

		B		5		750

		AB				300

		Error		72		360

		Total





Sheet2





Sheet3






_1361700813.unknown

_1361697839.unknown

_1361697815.unknown

_1361697750.unknown

_1361697760.unknown

_1361697556.unknown

_1361692849.unknown

Sheet1

		Source		df		SS		MS		E(MS)

		O				800
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		Mean		SD		n		Sum(Y)		Sum(Y^2)				Means										ANOVA																r		SSTrt		SSErr		MSTrt		MSErr		F_obs		F(.05)

														Factor A\B		1		2		RowMean				Source		df		SS		MS		F_obs		F(.05)						2

														1		23.4		24.1		23.75				A				12.91												6

														2		24.3		25.8		25.05				B				 												10

														3		25.4		26.2		25.80				A*B				0.57

														ColMean		24.37		25.37		24.87				Error				1.53

																								Total

																								 

														Source		df		SS		MS		F_obs		F(.05)		Reject H0: No Effect?

														Operators				2.6

														Parts				1185.4						1.867

														O*P				27.1						1.603

														Error

														Total				1274.6
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