STA 6208 – Exam 3 – Spring 2012 – PRINT Name ___________________________
Conduct  Individual Test/CI’s at  = 0.05 significance level, and all simultaneous tests/CI’s @ experimentwise rate 0.05

Q.1. A randomized complete block design is conducted with 2 (fixed) treatments in 3 blocks. 

Case 1: Random Blocks
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p.1.a. E(yij)  =                                                p.1.b. V(yij) =                     
p.1.c.(i≠i’) COV(yij , yi’j) =                             p.1.d. (j≠j’) COV(yij , yij’) =
p.1.e. Derive 
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Case 2: Fixed Blocks
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p.1.f. E(yij)  =                                                p.1.g. V(yij) =                     

p.1.h. (i≠i’) COV(yij , yi’j) =                             p.1.i. (j≠j’) COV(yij , yij’) =

p.1.j. Derive 
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Q.2. Authors of an academic research paper report that they conducted a randomized block design, with 3 treatments and 8 blocks. They report that the Bonferroni Minimum Significant Difference for comparing pairs of treatment means is B = 12.0. What is the Mean Square Error from their Analysis of Variance?
Q.3. A split-plot experiment is conducted to compare 5 cooking conditions (combinations of temperature/time) and 8 recipes for quality of taste of cupcakes. Because of the logistics of the experiment, each of the 5 cooking conditions can be conducted once per day (in random order). The recipes are randomly assigned to the slots in the oven (each recipe is observed once in each cooking condition). The experiment is conducted on 3 different days (blocks). Give the Analysis of Variance (sources and degrees of freedom and critical F-values), assuming no interaction between blocks and subplot units. The response is an average taste rating among a panel of judges.

[image: image5.emf]Source Label df Error df F(.05)

Whole Plot Factor

Blocks #N/A #N/A

Error1 #N/A #N/A

Sub Plot Factor

WP*SP Interaction

Error2 #N/A #N/A

Total #N/A #N/A


Q.4. A latin-square design is used to compare 6 brands of energy enhancing drinks on alertness, measured by the amount of items completed in a fixed amount of time on skills tests. There are 6 different skills tests, and 6 participants, such that each energy drink is observed once on each skills test and once for each participant.  The drink means and partial ANOVA table are given below.
p.4.a. Complete the tables.


[image: image6.emf]Drink1 Drink2 Drink3 Drink4 Drink5 Drink6 Overall

Mean 30 50 36 42 44 38 40

SS



[image: image7.emf]Source df SS MS F F(.05)

Energy Drink

Skills Test 460

Participant 2000

Error

Total 4600


p.4.b. Compute Tukey’s HSD and Bonferroni’s MSD for comparing all pairs of drinks.
Tukey’s HSD: ______________________________    Bonferroni’s MSD __________________________________
Q.5. A 23 factorial experiment is conducted to determine the main effects and interactions among 3 factors (presence/absence) on taste quality for frozen dinners. The following table gives the design, mean, and standard deviation (SD) for the 8 combinations of factor levels. There were 3 replicates per treatment.

[image: image8.emf]Trt A B C AB AC BC ABC Mean SD

(1) -1 -1 -1 1 1 1 36 4

a 1 -1 -1 -1 -1 1 64 3

b -1 1 -1 -1 1 -1 28 3

c -1 -1 1 1 -1 -1 32 2

ab 1 1 -1 1 -1 -1 68 1

ac 1 -1 1 -1 1 -1 72 2

bc -1 1 1 -1 -1 1 24 3

abc 1 1 1 1 1 1 76 3


p.5.a. Give the +1/-1 levels for the ABC Interaction in the table above.
p.5.b. Compute MSE

p.5.c. Compute 
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     Test H0: No Factor A effect
lA = _____________       SSA = _________________    Test Statistic = _________________   Rejection Region: __________

Q.6. A Repeated measures design is used to test for effects among 3 treatments at 2 points in time. A sample of 30 subjects is selected, and assigned at random so that 10 subjects receive Trt A, 10 receive Trt B, and 10 receive Trt C.
The (univariate) model fit is: 
[image: image10.wmf](

)

()

1,2,31,21,...,10

ijkikijijk

ij

ydeijk

mabab

=+++++===


The subject within treatment sum of squares is: 
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                                 The table of treatment/time means is:      
[image: image12.emf]Trt\Time 1 2

1 50 70

2 40 60

3 60 80


p.6.a. Complete the following ANOVA table with corrected total sum of squares = 20,000

[image: image13.emf]Source df SS MS F F(.05)

Treatments

Subject(Trts)

Time

Trt*Time

Error

Total


p.6.b. Compute Tukey’s HSD and Bonferroni’s MSD for comparing pairs of treatment means
Tukey’s W =   _______________________________           Bonferroni’s B = ______________________________              

Q.7. Jack and Jill each fit an Analysis of Covariance, relating post-trt score (Y) to treatment and pre-trt score (X). The overall pre-treatment mean score is 
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and there are r=5 subjects per treatment and no interaction.

Jack’s Model: 
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Jill’s Model: 
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[image: image17.emf]Jack's Beta Jill's Beta

59.20

m1

40.28

b0

54.83

m2

0.33

b1

48.57

m3

10.64

g1

0.33

b

6.27

g2

Trt 1 2 3overall

y-bar 58.38 54.83 49.40 54.20

x-bar 22.5 25 27.5 25


p.7.a. Show how Jack uses his model to obtain an estimate of Jill’s  
p.7.b. Show how Jill uses her model to obtain an estimate of Jack’s 3
p.7.c. Compute the adjusted means for each treatment.

Trt 1 _________________________      Trt 2 __________________________   Trt 3 ___________________________
Sheet1

		Source		Label		df		Error df		F(.05)

		Whole Plot Factor

		Blocks						ERROR:#N/A		ERROR:#N/A

		Error1						ERROR:#N/A		ERROR:#N/A

		Sub Plot Factor

		WP*SP Interaction

		Error2						ERROR:#N/A		ERROR:#N/A

		Total						ERROR:#N/A		ERROR:#N/A
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Sheet1

		Source		Label		df		Error df		F(.05)						Drink1		Drink2		Drink3		Drink4		Drink5		Drink6		Overall				Trt\Time		1		2		Overall

		Whole Plot Factor												Mean		30		50		36		42		44		38		40				1		50		70

		Blocks						ERROR:#N/A		ERROR:#N/A				SS																		2		40		60

		Error1						ERROR:#N/A		ERROR:#N/A																						3		60		80

		Sub Plot Factor																														Overall

		WP*SP Interaction

		Error2						ERROR:#N/A		ERROR:#N/A

		Total						ERROR:#N/A		ERROR:#N/A

		Source		df		SS		MS		F		F(.05)

		Energy Drink

		Skills Test

		Participant

		Error

		Total
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Sheet1

		Source		Label		df		Error df		F(.05)						Drink1		Drink2		Drink3		Drink4		Drink5		Drink6		Overall				Trt\Time		1		2		Overall

		Whole Plot Factor												Mean		30		50		36		42		44		38		40				1		50		70

		Blocks						ERROR:#N/A		ERROR:#N/A				SS																		2		40		60

		Error1						ERROR:#N/A		ERROR:#N/A																						3		60		80

		Sub Plot Factor																														Overall

		WP*SP Interaction

		Error2						ERROR:#N/A		ERROR:#N/A

		Total						ERROR:#N/A		ERROR:#N/A

		Source		df		SS		MS		F		F(.05)

		Energy Drink

		Skills Test

		Participant

		Error

		Total

		Source		df		SS		MS		F		F(.05)

		Treatments

		Subject(Trts)

		Time

		Trt*Time

		Error

		Total





Sheet4

		-4.3553427531

		-4.6246668717

		-1.0651490356

		2.2437291136

		-4.1727730604

		-1.2132602478

		-2.2858159809

		-0.4868184078

		-2.5223812372

		-3.0885018987

		1.1982223214

		-0.0473363571

		-0.1781046421

		1.9989101929

		-2.3050517939





Sheet2

		Trt		mu1		mu2		mu3		Int		z1		z2		x		xc		e		y						Jack_X										X'X										X'Y

		1		1		0		0		1		1		0		24.7846802494		-0.2153197506		-3.3462038118		56.6107322381						1		0		0		-0.2153197506				5		0		0		-12.5				291.8785815049

		1		1		0		0		1		1		0		15.0101474219		-9.9898525781		4.1899966163		62.1920261007						1		0		0		-9.9898525781				0		5		0		0				274.1748745742

		1		1		0		0		1		1		0		25.1546854315		0.1546854315		-3.6064739106		56.4244631757						1		0		0		0.1546854315				0		0		5		12.5				246.992204678

		1		1		0		0		1		1		0		25.3886415748		0.3886415748		1.9833214537		62.0610497687						1		0		0		0.3886415748				-12.5		0		12.5		373.3301959332				-9.1372836737

		1		1		0		0		1		1		0		22.1618453224		-2.8381546776		-4.8420588428		54.5903102217						1		0		0		-2.8381546776

		2		0		1		0		1		0		1		25.2659010079		0.2659010079		-3.44093678		51.6122434216						0		1		0		0.2659010079

		2		0		1		0		1		0		1		30.3734868288		5.3734868288		4.4069383875		60.4816357533						0		1		0		5.3734868288														Jack's beta

		2		0		1		0		1		0		1		27.7621911158		2.7621911158		2.1519008442		57.7043390673						0		1		0		2.7621911158														59.2047755409		m1

		2		0		1		0		1		0		1		24.2422704054		-0.7577295946		-1.5384648577		53.3099892233						0		1		0		-0.7577295946														54.8349749148		m2

		2		0		1		0		1		0		1		17.3561506421		-7.6438493579		-2.4045630198		51.0666671086						0		1		0		-7.6438493579														48.5693816957		m3

		3		0		0		1		1		0		0		30.7795492189		5.7795492189		-1.5292425815		49.6266672623						0		0		1		5.7795492189														0.331623696		b

		3		0		0		1		1		0		0		23.1766851028		-1.8233148972		3.1936269806		52.8289640012						0		0		1		-1.8233148972

		3		0		0		1		1		0		0		23.1481724439		-1.8518275561		-1.6925196178		47.937114871						0		0		1		-1.8518275561

		3		0		0		1		1		0		0		24.0541769598		-0.9458230402		-7.6336800703		42.1771553217						0		0		1		-0.9458230402

		3		0		0		1		1		0		0		36.3414162747		11.3414162747		2.1540199668		54.4223032218						0		0		1		11.3414162747

																												Jill_X

																												1		1		0		24.7846802494				X'X										X'Y

																												1		1		0		15.0101474219				15		5		5		375				813.0456607571

										Jack's Beta				Jill's Beta														1		1		0		25.1546854315				5		5		0		112.5				291.8785815049

										59.20		m1		40.28		b0												1		1		0		25.3886415748				5		0		5		125				274.1748745742

										54.83		m2		0.33		b1												1		1		0		22.1618453224				375		112.5		125		9748.3301959332				20317.0042352526

										48.57		m3		10.64		g1												1		0		1		25.2659010079

										0.33		b		6.27		g2												1		0		1		30.3734868288

																												1		0		1		27.7621911158														Jill's Beta

																												1		0		1		24.2422704054														40.2787892965		b0

								Trt		1		2		3		overall												1		0		1		17.3561506421														10.6353938452		b1

								y-bar		58.38		54.83		49.40		54.20												1		0		0		30.7795492189														6.2655932192		g1

								x-bar		22.5		25		27.5		25												1		0		0		23.1766851028														0.331623696		g2

								 								 												1		0		0		23.1481724439

								 								 												1		0		0		24.0541769598

																												1		0		0		36.3414162747



																												Jill_X

																												1		24.7846802494		1		0				X'X										X'Y

																												1		15.0101474219		1		0				15		375		5		5				813.0456607571

																												1		25.1546854315		1		0				375		9748.3301959332		112.5		125				20317.0042352526

																												1		25.3886415748		1		0				5		112.5		5		0				291.8785815049

																												1		22.1618453224		1		0				5		125		0		5				274.1748745742

																												1		25.2659010079		0		1

																												1		30.3734868288		0		1

																												1		27.7621911158		0		1														Jill's Beta

																												1		24.2422704054		0		1														40.2787892965		b0

																												1		17.3561506421		0		1														0.331623696		b1

																												1		30.7795492189		0		0														10.6353938452		g1

																												1		23.1766851028		0		0														6.2655932192		g2

																												1		23.1481724439		0		0

																												1		24.0541769598		0		0

																												1		36.3414162747		0		0
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Sheet1

		Source		Label		df		Error df		F(.05)						Drink1		Drink2		Drink3		Drink4		Drink5		Drink6		Overall				Trt\Time		1		2		Overall

		Whole Plot Factor												Mean		30		50		36		42		44		38		40				1		50		70

		Blocks						ERROR:#N/A		ERROR:#N/A				SS																		2		40		60

		Error1						ERROR:#N/A		ERROR:#N/A																						3		60		80

		Sub Plot Factor																														Overall

		WP*SP Interaction

		Error2						ERROR:#N/A		ERROR:#N/A

		Total						ERROR:#N/A		ERROR:#N/A

		Source		df		SS		MS		F		F(.05)

		Energy Drink

		Skills Test

		Participant

		Error

		Total

		Source		df		SS		MS		F		F(.05)

		Treatments

		Subject(Trts)

		Time

		Trt*Time

		Error

		Total
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Sheet1

		Source		Label		df		Error df		F(.05)						Drink1		Drink2		Drink3		Drink4		Drink5		Drink6		Overall

		Whole Plot Factor														30		50		36		42		44		38		40

		Blocks						ERROR:#N/A		ERROR:#N/A

		Error1						ERROR:#N/A		ERROR:#N/A

		Sub Plot Factor

		WP*SP Interaction

		Error2						ERROR:#N/A		ERROR:#N/A

		Total						ERROR:#N/A		ERROR:#N/A

		Source		df		SS		MS		F		F(.05)

		Energy Drink

		Skills Test				460

		Participant				2000

		Error

		Total				4600
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Sheet1

		Store\Week		1		2		3		4		5		Wk Mean		Pack Mean

		1		100		120		110		90		80		100		109

		2		140		150		160		145		155		150		92

		3		60		40		50		70		30		50		102

		4		110		120		130		90		100		110		100

		5		90		70		80		110		100		90		97

		St Mean		100		100		106		101		93		100		100



		ANOVA

		Source		df		Sum Sq		Mean Sq		F		F(0.05)

		Package

		Store								ERROR:#N/A		ERROR:#N/A

		Week								ERROR:#N/A		ERROR:#N/A

		Error								ERROR:#N/A		ERROR:#N/A

		Total				30250		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A
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		ANOVA

		Source		df		SS		MS		F		F(.05)		Sig Effect?

		Treatments				4000

		Subject(Trt)				22800				ERROR:#N/A		ERROR:#N/A		ERROR:#N/A

		Time				1260

		TrtxTime				84

		Error2								ERROR:#N/A		ERROR:#N/A		ERROR:#N/A

		Total				30538		ERROR:#N/A
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		Temp		1		2		3		4		1		2		3		4		1		2		3		4						Day1		Day1		Day1		Day2		Day2		Day2		Day3		Day3		Day3								Trt		A		B		C		AB		AC		BC		ABC		Mean		SD

		Ran#		0.96		0.91		0.16		0.22		0.21		0.34		0.28		0.27		0.75		0.23		0.37		0.20						Pos1		Pos2		Pos3		Pos1		Pos2		Pos3		Pos1		Pos2		Pos3								(1)		-1		-1		-1		1		1		1				36		4

		Mix		1		2		3		1		2		3		1		2		3		1		2		3				Per1																										a		1		-1		-1		-1		-1		1				64		3

		Ran#		0.10		0.54		0.58		0.59		0.70		0.79		0.26		0.74		0.72		0.83		0.17		0.56				Per2																										b		-1		1		-1		-1		1		-1				28		3

		Mix		1		2		3		1		2		3		1		2		3		1		2		3				Per3																										c		-1		-1		1		1		-1		-1				32		2

		Ran#		0.2872027483		0.6389908385		0.4311828547		0.756669687		0.6491582633		0.5570248566		0.9677947393		0.2783796092		0.0627449042		0.8265969657		0.7597941543		0.6374138661				Per4																										ab		1		1		-1		1		-1		-1				68		1

		Mix		1		2		3		1		2		3		1		2		3		1		2		3																														ac		1		-1		1		-1		1		-1				72		2

		Ran#		0.9119661895		0.5463445304		0.8338521946		0.4349761048		0.6864453485		0.1862851581		0.9785535698		0.7873795786		0.3580346367		0.2605821546		0.7793289983		0.1144015277																														bc		-1		1		1		-1		-1		1				24		3

																																																								abc		1		1		1		1		1		1				76		3






Sheet1

		Source		Label		df		Error df		F(.05)						Drink1		Drink2		Drink3		Drink4		Drink5		Drink6		Overall

		Whole Plot Factor												Mean		30		50		36		42		44		38		40

		Blocks						ERROR:#N/A		ERROR:#N/A				SS

		Error1						ERROR:#N/A		ERROR:#N/A

		Sub Plot Factor

		WP*SP Interaction

		Error2						ERROR:#N/A		ERROR:#N/A

		Total						ERROR:#N/A		ERROR:#N/A

		Source		df		SS		MS		F		F(.05)
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		Skills Test

		Participant

		Error

		Total
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