Worksheet – 3-Way ANOVA – Yarn Strength
Factorial experiment relating yarn strength to 3 factors: Corn Starch, nordux, and Fats. Conducted in Sudan.

Variables/Columns

Experiment(Replicate)   8

Corn Starch   16  /* 0=85g,  1=140g  */

Nordux   24    /*  0=50g,   1=100g  */

Fats    32   /*  0=12.5g,   1=30g   */

Single strength   36-40

[image: image1.emf]Corn Starch = 85 (1)

Nordux\Fats F=12.5 (1) F=30 (2) Overall

Nordux=50 (1) 398.9 396.8 397.9

Nordux=100 (2) 411.3 446.6 428.9

Overall 405.1 421.7 413.4

Corn Starch = 140 (2)

Nordux\Fats F=12.5 (1) F=30 (2) Overall

Nordux=50 (1) 428.0 473.5 450.7

Nordux=100 (2) 463.6 438.5 451.1

Overall 445.8 456.0 450.9


SS(Corn Starch) = 

SS(CS*ND) = 

ANOVA:  


[image: image2.emf]ANOVA y trtmeany-trtmeanallmeany-allmean

Source df SS MS F_obs F(.05) P-value 419.7 398.9 20.8 432.1 -12.4

Corn             378.1 398.9 -20.8 432.1 -54.0

Nordux 1 984.4 984.4 1.06 5.318 0.3338 404.1 396.8 7.3 432.1 -28.0

Fats 1 716.9 716.9 0.77 5.318 0.4057 389.5 396.8 -7.3 432.1 -42.6

C*N             457.4 411.3 46.2 432.1 25.3

C*F 1 41.3 41.3 0.04 5.318 0.8384 365.1 411.3 -46.2 432.1 -67.0

N*F 1 274.7 274.7 0.30 5.318 0.6017 450.8 446.6 4.3 432.1 18.7

C*N*F 1 2913.3 2913.3 3.13 5.318 0.1148 442.3 446.6 -4.3 432.1 10.2

Error       442.7 428.0 14.7 432.1 10.6

Total     413.3 428.0 -14.7 432.1 -18.8

479.1 473.5 5.6 432.1 47.0

467.8 473.5 -5.7 432.1 35.7

435.2 463.6 -28.4 432.1 3.1

492.0 463.6 28.4 432.1 59.9

432.7 438.5 -5.8 432.1 0.6

444.3 438.5 5.8 432.1 12.2

SS 7444.1 18947.4


Means: Overall :_________





Corn Starch = 85 _________   CS =140 ________





Nordux = 50 ________  Nordux = 100 _________





Fats =12.5 __________ Fats=30 ______________
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		Corn St		Nordux		Fats		Strength		Elong		i		j		k		ij		ik		jk		ijk		ybar(i**)		ybar(*j*)		ybar(**k)		ybar(ij*)		ybar(i*k)		ybar(*jk)		ybar(ijk)		ybar(***)		SSC		SSN		SSF		SSCN		SSCF		SSNF		SSCNF		SSError		SSTotal						Corn Starch = 85 (1)

		1		1		1		419.7		3.22		1		1		1		11		11		11		111		413.375		424.2875		425.4375		397.85		405.075		413.45		398.9		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		432.64		154.5359765625						Nordux\Fats		F=12.5 (1)		F=30 (2)		Overall				Fats		N50_C85		N100_C85		N50_C100		N100_C100

		1		1		1		378.1		2.88		1		1		1		11		11		11		111		413.375		424.2875		425.4375		397.85		405.075		413.45		398.9		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		432.64		2919.3759765625						Nordux=50 (1)		398.9		396.8		397.9				1		398.9		411.25		0		0

		1		1		2		404.1		1.88		1		1		2		11		12		12		112		413.375		424.2875		438.825		397.85		421.675		435.125		396.8		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		53.29		785.7509765625						Nordux=100 (2)		411.3		446.6		428.9				2		396.8		405.075		0		0

		1		1		2		389.5		2.02		1		1		2		11		12		12		112		413.375		424.2875		438.825		397.85		421.675		435.125		396.8		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		53.29		1817.4234765625						Overall		405.1		421.7		413.4				3		0		0		428		473.45

		1		2		1		457.4		1.6		1		2		1		12		11		21		121		413.375		439.975		425.4375		428.9		405.075		437.425		411.25		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		2129.8225		638.5097265625																4		0		0		463.6		438.5

		1		2		1		365.1		1.4		1		2		1		12		11		21		121		413.375		439.975		425.4375		428.9		405.075		437.425		411.25		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		2129.8225		4493.1884765625						Corn Starch = 140 (2)

		1		2		2		450.8		2.44		1		2		2		12		12		22		122		413.375		439.975		438.825		428.9		421.675		442.525		446.55		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		18.0625		348.5222265625						Nordux\Fats		F=12.5 (1)		F=30 (2)		Overall

		1		2		2		442.3		2.44		1		2		2		12		12		22		122		413.375		439.975		438.825		428.9		421.675		442.525		446.55		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		18.0625		103.4034765625						Nordux=50 (1)		428.0		473.5		450.7

		2		1		1		442.7		2.78		2		1		1		21		21		11		211		450.8875		424.2875		425.4375		450.725		445.8		413.45		428		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		216.09		111.6984765625						Nordux=100 (2)		463.6		438.5		451.1

		2		1		1		413.3		2.37		2		1		1		21		21		11		211		450.8875		424.2875		425.4375		450.725		445.8		413.45		428		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		216.09		354.6159765625						Overall		445.8		456.0		450.9

		2		1		2		479.1		2.34		2		1		2		21		22		12		212		450.8875		424.2875		438.825		450.725		455.975		435.125		473.45		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		31.9225		2206.0634765625

		2		1		2		467.8		1.92		2		1		2		21		22		12		212		450.8875		424.2875		438.825		450.725		455.975		435.125		473.45		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		31.9225		1272.2597265625

		2		2		1		435.2		1.88		2		2		1		22		21		21		221		450.8875		439.975		425.4375		451.05		445.8		437.425		463.6		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		806.56		9.4172265625

		2		2		1		492		2.02		2		2		1		22		21		21		221		450.8875		439.975		425.4375		451.05		445.8		437.425		463.6		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		806.56		3584.2672265625

		2		2		2		432.7		2.12		2		2		2		22		22		22		222		450.8875		439.975		438.825		451.05		455.975		442.525		438.5		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		33.64		0.3234765625

		2		2		2		444.3		1.74		2		2		2		22		22		22		222		450.8875		439.975		438.825		451.05		455.975		442.525		438.5		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		33.64		148.0784765625

																																								sum		5628.750625		984.390625		716.900625		944.025625		41.280625		274.730625		2913.300625		7444.055		18947.434375

		ANOVA

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

		Corn		1		5628.750625		5628.750625		6.0491230922		5.3176550628		0.0393496416

		Nordux		1		984.390625		984.390625		1.0579079547		5.3176550628		0.3337837585

		Fats		1		716.900625		716.900625		0.7704409761		5.3176550628		0.4056687035

		C*N		1		944.025625		944.025625		1.014528372		5.3176550628		0.3433105811

		C*F		1		41.280625		41.280625		0.0443635895		5.3176550628		0.8384444774

		N*F		1		274.730625		274.730625		0.2952483559		5.3176550628		0.6016847289

		C*N*F		1		2913.300625		2913.300625		3.1308749062		5.3176550628		0.1147861848

		Error		8		7444.055		930.506875

		Total		15		18947.434375
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		Corn St		Nordux		Fats		Strength		Elong		i		j		k		ij		ik		jk		ijk		ybar(i**)		ybar(*j*)		ybar(**k)		ybar(ij*)		ybar(i*k)		ybar(*jk)		ybar(ijk)		ybar(***)		SSC		SSN		SSF		SSCN		SSCF		SSNF		SSCNF		SSError		SSTotal						Corn Starch = 85 (1)

		1		1		1		419.7		3.22		1		1		1		11		11		11		111		413.375		424.2875		425.4375		397.85		405.075		413.45		398.9		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		432.64		154.5359765625						Nordux\Fats		F=12.5 (1)		F=30 (2)		Overall				Fats		N50_C85		N100_C85		N50_C100		N100_C100

		1		1		1		378.1		2.88		1		1		1		11		11		11		111		413.375		424.2875		425.4375		397.85		405.075		413.45		398.9		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		432.64		2919.3759765625						Nordux=50 (1)		398.9		396.8		397.9				1		398.9		411.25		0		0

		1		1		2		404.1		1.88		1		1		2		11		12		12		112		413.375		424.2875		438.825		397.85		421.675		435.125		396.8		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		53.29		785.7509765625						Nordux=100 (2)		411.3		446.6		428.9				2		396.8		405.075		0		0

		1		1		2		389.5		2.02		1		1		2		11		12		12		112		413.375		424.2875		438.825		397.85		421.675		435.125		396.8		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		53.29		1817.4234765625						Overall		405.1		421.7		413.4				3		0		0		428		473.45

		1		2		1		457.4		1.6		1		2		1		12		11		21		121		413.375		439.975		425.4375		428.9		405.075		437.425		411.25		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		2129.8225		638.5097265625																4		0		0		463.6		438.5

		1		2		1		365.1		1.4		1		2		1		12		11		21		121		413.375		439.975		425.4375		428.9		405.075		437.425		411.25		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		2129.8225		4493.1884765625						Corn Starch = 140 (2)

		1		2		2		450.8		2.44		1		2		2		12		12		22		122		413.375		439.975		438.825		428.9		421.675		442.525		446.55		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		18.0625		348.5222265625						Nordux\Fats		F=12.5 (1)		F=30 (2)		Overall

		1		2		2		442.3		2.44		1		2		2		12		12		22		122		413.375		439.975		438.825		428.9		421.675		442.525		446.55		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		18.0625		103.4034765625						Nordux=50 (1)		428.0		473.5		450.7

		2		1		1		442.7		2.78		2		1		1		21		21		11		211		450.8875		424.2875		425.4375		450.725		445.8		413.45		428		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		216.09		111.6984765625						Nordux=100 (2)		463.6		438.5		451.1

		2		1		1		413.3		2.37		2		1		1		21		21		11		211		450.8875		424.2875		425.4375		450.725		445.8		413.45		428		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		216.09		354.6159765625						Overall		445.8		456.0		450.9

		2		1		2		479.1		2.34		2		1		2		21		22		12		212		450.8875		424.2875		438.825		450.725		455.975		435.125		473.45		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		31.9225		2206.0634765625

		2		1		2		467.8		1.92		2		1		2		21		22		12		212		450.8875		424.2875		438.825		450.725		455.975		435.125		473.45		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		31.9225		1272.2597265625

		2		2		1		435.2		1.88		2		2		1		22		21		21		221		450.8875		439.975		425.4375		451.05		445.8		437.425		463.6		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		806.56		9.4172265625

		2		2		1		492		2.02		2		2		1		22		21		21		221		450.8875		439.975		425.4375		451.05		445.8		437.425		463.6		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		806.56		3584.2672265625

		2		2		2		432.7		2.12		2		2		2		22		22		22		222		450.8875		439.975		438.825		451.05		455.975		442.525		438.5		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		33.64		0.3234765625

		2		2		2		444.3		1.74		2		2		2		22		22		22		222		450.8875		439.975		438.825		451.05		455.975		442.525		438.5		432.13125		351.7969140625		61.5244140625		44.8062890625		59.0016015625		2.5800390625		17.1706640625		182.0812890625		33.64		148.0784765625

																																								sum		5628.750625		984.390625		716.900625		944.025625		41.280625		274.730625		2913.300625		7444.055		18947.434375

		ANOVA

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

		Corn		1		5628.750625		5628.750625		6.0491230922		5.3176550628		0.0393496416

		Nordux		1		984.390625		984.390625		1.0579079547		5.3176550628		0.3337837585

		Fats		1		716.900625		716.900625		0.7704409761		5.3176550628		0.4056687035

		C*N		1		944.025625		944.025625		1.014528372		5.3176550628		0.3433105811

		C*F		1		41.280625		41.280625		0.0443635895		5.3176550628		0.8384444774

		N*F		1		274.730625		274.730625		0.2952483559		5.3176550628		0.6016847289

		C*N*F		1		2913.300625		2913.300625		3.1308749062		5.3176550628		0.1147861848

		Error		8		7444.055		930.506875

		Total		15		18947.434375

		ANOVA																y		trtmean		y-trtmean		allmean		y-allmean

		Source		df		SS		MS		F_obs		F(.05)		P-value				419.7		398.9		20.8		432.1		-12.4

		Corn																378.1		398.9		-20.8		432.1		-54.0

		Nordux		1		984.4		984.4		1.06		5.318		0.3338				404.1		396.8		7.3		432.1		-28.0

		Fats		1		716.9		716.9		0.77		5.318		0.4057				389.5		396.8		-7.3		432.1		-42.6

		C*N																457.4		411.3		46.2		432.1		25.3

		C*F		1		41.3		41.3		0.04		5.318		0.8384				365.1		411.3		-46.2		432.1		-67.0

		N*F		1		274.7		274.7		0.30		5.318		0.6017				450.8		446.6		4.3		432.1		18.7

		C*N*F		1		2913.3		2913.3		3.13		5.318		0.1148				442.3		446.6		-4.3		432.1		10.2

		Error																442.7		428.0		14.7		432.1		10.6

		Total																413.3		428.0		-14.7		432.1		-18.8

																		479.1		473.5		5.6		432.1		47.0

																		467.8		473.5		-5.7		432.1		35.7

																		435.2		463.6		-28.4		432.1		3.1

																		492.0		463.6		28.4		432.1		59.9

																		432.7		438.5		-5.8		432.1		0.6

																		444.3		438.5		5.8		432.1		12.2

																				SS		7444.1				18947.4
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