2-Factor ANOVA – Fixed Effects Model
Factor A @ a levels,  Factor B @ b levels.  r replicates/treatment

· Cell Means Model:  
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Where: 
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· Treatment Effects Model – Additive Effects:   
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· Treatment Effects Model – Interaction Effects:   
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· Problem: 1+a+b+ab Parameters and only ab cell means (although restrictions given above work). Other restrictions also work (and are easier to implement in general computations for possibly unequal replication).

· Least Squares Estimates (Interaction Model). Subject to: 
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· Sums of Squares and degrees of freedom:
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[image: image9.emf]Means Form1 Form2 Form3 Overall

Brand1 13.4025 9.5000 9.1000 10.6675

Brand2 32.3975 21.3000 24.4975 26.0650

Overall 22.9000 15.4000 16.7988 18.3663

Effects Form1 Form2 Form3 Overall

Brand1 -1.7988 1.7988 0.0000 -7.6988

Brand2 1.7988 -1.7988 0.0000 7.6988

Overall 4.5338 -2.9663 -1.5675 0.0000

SumSqrs Form1 Form2 Form3 Overall

Brand1 12.9420 12.9420 0.0000 711.2490

Brand2 12.9420 12.9420 0.0000 711.2490

Overall 164.4391 70.3891 19.6565 0.0000


· Expected Mean Squares:  
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· F-Tests:
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[image: image12.emf]ANOVA

Source df SS MS F F(.05) P-value

A 1 1422.49801422.4980 257.0423 4.4139 0.0000

B 2 254.4847 127.2423 22.9924 3.5546 0.0000

AB 2 51.7680 25.8840 4.6772 3.5546 0.0231

Error 18 99.6138 5.5341

Total 23 1828.3646


· Estimable functions:      h’    such that h’ = t’X   (1 and 0 in X are column vectors of length r)
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· Least Squares Estimates in SAS:
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	Parameter
	Estimate
	 
	Standard Error
	t Value
	Pr > |t|

	Intercept
	24.49750000
	B
	1.17623354
	20.83
	<.0001

	brand 1
	-15.39750000
	B
	1.66344543
	-9.26
	<.0001

	brand 2
	0.00000000
	B
	.
	.
	.

	form 1
	7.90000000
	B
	1.66344543
	4.75
	0.0002

	form 2
	-3.19750000
	B
	1.66344543
	-1.92
	0.0706

	form 3
	0.00000000
	B
	.
	.
	.

	brand*form 1 1
	-3.59750000
	B
	2.35246709
	-1.53
	0.1436

	brand*form 1 2
	3.59750000
	B
	2.35246709
	1.53
	0.1436

	brand*form 1 3
	0.00000000
	B
	.
	.
	.

	brand*form 2 1
	0.00000000
	B
	.
	.
	.

	brand*form 2 2
	0.00000000
	B
	.
	.
	.

	brand*form 2 3
	0.00000000
	B
	.
	.
	.


_1359433869.unknown

_1359437036.unknown

_1359449417.unknown

_1359450610.xls
suntan

		Brand		Form		BrandForm		ClrChg		B1		F1		F2		BF11		BF12		BMean		FMean		BFMeam		AllMean		SSE		SSTO

		1		1		11		16.79		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		11.47515625		2.4845640625

		1		1		11		12.68		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		0.52200625		32.3334390625

		1		1		11		12.47		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		0.86955625		34.7657640625

		1		1		11		11.67		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		3.00155625		44.8397640625

		1		2		12		10.23		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.5329		66.1985640625

		1		2		12		10.29		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.6241		65.2258140625

		1		2		12		8.97		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.2809		88.2895140625

		1		2		12		8.51		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.9801		97.1456640625

		1		3		13		9.43		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.1089		79.8565640625

		1		3		13		9.45		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.1225		79.4995140625

		1		3		13		8.86		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.0576		90.3687890625

		1		3		13		8.66		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.1936		94.2112890625

		2		1		21		32.85		0		1		0		0		0		26.065		22.9		32.3975		18.36625		0.20475625		209.7790140625

		2		1		21		38.08		0		1		0		0		0		26.065		22.9		32.3975		18.36625		32.29080625		388.6319390625

		2		1		21		30.25		0		1		0		0		0		26.065		22.9		32.3975		18.36625		4.61175625		141.2235140625

		2		1		21		28.41		0		1		0		0		0		26.065		22.9		32.3975		18.36625		15.90015625		100.8769140625

		2		2		22		25.06		0		0		1		0		0		26.065		15.4		21.3		18.36625		14.1376		44.8062890625

		2		2		22		21.66		0		0		1		0		0		26.065		15.4		21.3		18.36625		0.1296		10.8487890625

		2		2		22		19.86		0		0		1		0		0		26.065		15.4		21.3		18.36625		2.0736		2.2312890625

		2		2		22		18.62		0		0		1		0		0		26.065		15.4		21.3		18.36625		7.1824		0.0643890625

		2		3		23		25.89		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		1.93905625		56.6068140625

		2		3		23		22.96		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		2.36390625		21.1025390625

		2		3		23		24.55		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		0.00275625		38.2387640625

		2		3		23		24.59		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		0.00855625		38.7350640625

		Means		Form1		Form2		Form3		Overall

		Brand1		13.4025		9.5000		9.1000		10.6675

		Brand2		32.3975		21.3000		24.4975		26.0650

		Overall		22.9000		15.4000		16.7988		18.3663

		Effects		Form1		Form2		Form3		Overall

		Brand1		-1.7988		1.7988		0.0000		-7.6988

		Brand2		1.7988		-1.7988		0.0000		7.6988

		Overall		4.5338		-2.9663		-1.5675		0.0000

		SumSqrs		Form1		Form2		Form3		Overall

		Brand1		12.9420		12.9420		0.0000		711.2490

		Brand2		12.9420		12.9420		0.0000		711.2490

		Overall		164.4391		70.3891		19.6565		0.0000

		ANOVA

		Source		df		SS		MS		F		F(.05)		P-value

		A		1		1422.4980		1422.4980		257.0423		4.4139		0.0000

		B		2		254.4847		127.2423		22.9924		3.5546		0.0000

		AB		2		51.7680		25.8840		4.6772		3.5546		0.0231

		Error		18		99.6138		5.5341

		Total		23		1828.3646






_1359522393.unknown

_1359526647.unknown

_1359449864.xls
suntan

		Brand		Form		BrandForm		ClrChg		B1		F1		F2		BF11		BF12		BMean		FMean		BFMeam		AllMean		SSE		SSTO

		1		1		11		16.79		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		11.47515625		2.4845640625

		1		1		11		12.68		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		0.52200625		32.3334390625

		1		1		11		12.47		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		0.86955625		34.7657640625

		1		1		11		11.67		1		1		0		1		0		10.6675		22.9		13.4025		18.36625		3.00155625		44.8397640625

		1		2		12		10.23		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.5329		66.1985640625

		1		2		12		10.29		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.6241		65.2258140625

		1		2		12		8.97		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.2809		88.2895140625

		1		2		12		8.51		1		0		1		0		1		10.6675		15.4		9.5		18.36625		0.9801		97.1456640625

		1		3		13		9.43		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.1089		79.8565640625

		1		3		13		9.45		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.1225		79.4995140625

		1		3		13		8.86		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.0576		90.3687890625

		1		3		13		8.66		1		0		0		0		0		10.6675		16.79875		9.1		18.36625		0.1936		94.2112890625

		2		1		21		32.85		0		1		0		0		0		26.065		22.9		32.3975		18.36625		0.20475625		209.7790140625

		2		1		21		38.08		0		1		0		0		0		26.065		22.9		32.3975		18.36625		32.29080625		388.6319390625

		2		1		21		30.25		0		1		0		0		0		26.065		22.9		32.3975		18.36625		4.61175625		141.2235140625

		2		1		21		28.41		0		1		0		0		0		26.065		22.9		32.3975		18.36625		15.90015625		100.8769140625

		2		2		22		25.06		0		0		1		0		0		26.065		15.4		21.3		18.36625		14.1376		44.8062890625

		2		2		22		21.66		0		0		1		0		0		26.065		15.4		21.3		18.36625		0.1296		10.8487890625

		2		2		22		19.86		0		0		1		0		0		26.065		15.4		21.3		18.36625		2.0736		2.2312890625

		2		2		22		18.62		0		0		1		0		0		26.065		15.4		21.3		18.36625		7.1824		0.0643890625

		2		3		23		25.89		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		1.93905625		56.6068140625

		2		3		23		22.96		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		2.36390625		21.1025390625

		2		3		23		24.55		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		0.00275625		38.2387640625

		2		3		23		24.59		0		0		0		0		0		26.065		16.79875		24.4975		18.36625		0.00855625		38.7350640625

		Means		Form1		Form2		Form3		Overall

		Brand1		13.4025		9.5000		9.1000		10.6675

		Brand2		32.3975		21.3000		24.4975		26.0650

		Overall		22.9000		15.4000		16.7988		18.3663

		Effects		Form1		Form2		Form3		Overall

		Brand1		-1.7988		1.7988		0.0000		-7.6988

		Brand2		1.7988		-1.7988		0.0000		7.6988

		Overall		4.5338		-2.9663		-1.5675		0.0000

		SumSqrs		Form1		Form2		Form3		Overall

		Brand1		12.9420		12.9420		0.0000		711.2490

		Brand2		12.9420		12.9420		0.0000		711.2490

		Overall		164.4391		70.3891		19.6565		0.0000

		ANOVA

		Source		df		SS		MS		F		F(.05)		P-value

		A		1		1422.4980		1422.4980		257.0423		4.4139		0.0000

		B		2		254.4847		127.2423		22.9924		3.5546		0.0000

		AB		2		51.7680		25.8840		4.6772		3.5546		0.0231

		Error		18		99.6138		5.5341

		Total		23		1828.3646
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