Worksheet – Response Surface Design
Factors Effecting Crude Oil Removal from Spills

Dataset:  oil_disperse.dat
Source: M.A. Zahed, H.A. Aziz, M.H. Isa, L. Mohajeri (2012). "Response Surface Analysis to Improve Dispersed Crude Oil Biodegradation," Clean - Soil, Air, Water, Vol. 40, #3, pp. 262-267
Description: Response surface analysis of percent crude oil removed by 3 factors: Nitrogen (mg/L), Phosphorous (mg/L), and Time (Days)
Variables/Columns

Nitrogen        4-8  Phosphorous     12-16   Days            18-24   Coded Nitrogen   28-32

Coded Phosphorous   36-40   Coded Days         44-48   % Crude Oil Removed   50-56
Fit the full 2nd-order model with all linear, quadratic, and 2-factor interaction terms, based on coded variables.

Model: E(Y) = 

# of parameters= _______  R2 __________ SSE=___________   Significant terms (p<.10) __________________

Fit the Reduced model, removing all terms with p>.10
Model: E(Y) = 

# of parameters= _______  R2 __________ SSE=___________   Significant terms (p<.10) __________________
Test Whether the Reduced Model is appropriate (all deleted terms are simultaneously not significant):

Test Statistic = ________________ Rejection Region: _________________________ p-value: _____________
Conduct a Lack-of-fit test for the complete model
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55.0 50.1 55.0 0.0 24.0

44.5 48.7 44.5 0.0 17.8

64.9 61.8 64.9 0.0 9.8

56.4 52.7 53.2 10.5 0.3

51.3 52.7 53.2 3.5 0.3

55.7 52.7 53.2 6.4 0.3

47.3 52.7 53.2 34.4 0.3

54.1 52.7 53.2 0.9 0.3

54.2 52.7 53.2 1.1 0.3

sum 56.7 310.8


n = # obs = ___   c = # distinct X-levels = _____   p*= # parms = ______





SSPE =                                        = ___________  dfPE = ________________





SSLF =                                        = ___________  dfLF = ________________





TS: FLF = 





RR: FLF ___________________    P-value = __________________________














Sheet1

		N		P		D		Y

		-1		-1		-1		14.6

		1		-1		-1		24.3

		-1		1		-1		16.1

		1		1		-1		18.8

		-1		-1		1		22.1

		1		-1		1		48.3

		-1		1		1		36.1

		1		1		1		68.1

		-0.5		0		0		34.3

		0.5		0		0		63.5

		0		-0.5		0		39.7

		0		0.5		0		55

		0		0		-0.5		44.5

		0		0		0.5		64.9

		0		0		0		56.4

		0		0		0		51.3

		0		0		0		55.7

		0		0		0		47.3

		0		0		0		54.1

		0		0		0		54.2





Full Model

		N		P		D		N^2		P^2		D^2		NP		ND		PD		Y		Yhat_C		Y-bar_grp								SUMMARY OUTPUT

		-1		-1		-1		1		1		1		1		1		1		14.6		13.8		14.6

		1		-1		-1		1		1		1		-1		-1		1		24.3		22.7		24.3								Regression Statistics

		-1		1		-1		1		1		1		-1		1		-1		16.1		13.5		16.1								Multiple R		0.965456162

		1		1		-1		1		1		1		1		-1		-1		18.8		21.8		18.8								R Square		0.9321056007

		-1		-1		1		1		1		1		1		-1		-1		22.1		19.0		22.1								Adjusted R Square		0.8710006413

		1		-1		1		1		1		1		-1		1		-1		48.3		50.8		48.3								Standard Error		6.0624286346

		-1		1		1		1		1		1		-1		-1		1		36.1		37.6		36.1								Observations		20

		1		1		1		1		1		1		1		1		1		68.1		68.8		68.1

		-0.5		0		0		0.25		0		0		0		0		0		34.3		44.4		34.3								ANOVA

		0.5		0		0		0.25		0		0		0		0		0		63.5		54.5		63.5										df		SS		MS		F		Significance F

		0		-0.5		0		0		0.25		0		0		0		0		39.7		45.7		39.7								Regression		9		5045.7350905041		560.6372322782		15.254172656		0.0001006059

		0		0.5		0		0		0.25		0		0		0		0		55		50.1		55.0								Residual		10		367.5304094959		36.7530409496

		0		0		-0.5		0		0		0.25		0		0		0		44.5		48.7		44.5								Total		19		5413.2655

		0		0		0.5		0		0		0.25		0		0		0		64.9		61.8		64.9

		0		0		0		0		0		0		0		0		0		56.4		52.7		52.7										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		0		0		0		0		0		0		0		0		0		51.3		52.7		52.7								Intercept		52.6665098777		1.8266008846		28.8330692932		0.0000000001		48.5965894796		56.7364302758		48.5965894796		56.7364302758

		0		0		0		0		0		0		0		0		0		55.7		52.7		52.7								N		10.0235294118		2.0793958667		4.8204046051		0.0007018014		5.3903466925		14.6567121311		5.3903466925		14.6567121311

		0		0		0		0		0		0		0		0		0		47.3		52.7		52.7								P		4.4058823529		2.0793958667		2.1188280805		0.0601421162		-0.2273003664		9.0390650722		-0.2273003664		9.0390650722

		0		0		0		0		0		0		0		0		0		54.1		52.7		52.7								D		13.0588235294		2.0793958667		6.2801045911		0.0000914091		8.4256408101		17.6920062487		8.4256408101		17.6920062487

		0		0		0		0		0		0		0		0		0		54.2		52.7		52.7								N^2		-12.883537159		14.0334676321		-0.9180579951		0.3801984996		-44.1520516181		18.3849773001		-44.1520516181		18.3849773001

																																P^2		-19.083537159		14.0334676321		-1.3598589928		0.2037428379		-50.3520516181		12.1849773001		-50.3520516181		12.1849773001

																																D^2		10.316462841		14.0334676321		0.7351328347		0.4791443287		-20.9520516181		41.5849773001		-20.9520516181		41.5849773001

																																NP		-0.15		2.143392199		-0.0699825259		0.9455872785		-4.9257754336		4.6257754336		-4.9257754336		4.6257754336

																																ND		5.725		2.143392199		2.6709997371		0.0234522661		0.9492245664		10.5007754336		0.9492245664		10.5007754336

																																PD		4.725		2.143392199		2.2044495647		0.0520475577		-0.0507754336		9.5007754336		-0.0507754336		9.5007754336

																																RESIDUAL OUTPUT

		Y		Yhat_C		Y-bar_grp		(Y-Ybg)^2		(Ybg-Yhc)^2																						Observation		Predicted Y		Residuals

		14.6		13.8		14.6		0.0		0.6																						1		13.8276631066		0.7723368934

		24.3		22.7		24.3		0.0		2.5																						2		22.7247219302		1.5752780698

		16.1		13.5		16.1		0.0		6.8																						3		13.4894278125		2.6105721875

		18.8		21.8		18.8		0.0		8.9																						4		21.786486636		-2.986486636

		22.1		19.0		22.1		0.0		9.3																						5		19.0453101655		3.0546898345

		48.3		50.8		48.3		0.0		6.5																						6		50.842368989		-2.542368989

		36.1		37.6		36.1		0.0		2.3																						7		37.6070748713		-1.5070748713

		68.1		68.8		68.1		0.0		0.5																						8		68.8041336949		-0.7041336949

		34.3		44.4		34.3		0.0		102.7																						9		44.4338608821		-10.1338608821

		63.5		54.5		63.5		0.0		81.8																						10		54.4573902938		9.0426097062

		39.7		45.7		39.7		0.0		35.9																						11		45.6926844115		-5.9926844115

		55.0		50.1		55.0		0.0		24.0																						12		50.0985667644		4.9014332356

		44.5		48.7		44.5		0.0		17.8																						13		48.7162138233		-4.2162138233

		64.9		61.8		64.9		0.0		9.8																						14		61.7750373527		3.1249626473

		56.4		52.7		53.2		10.5		0.3																						15		52.6665098777		3.7334901223

		51.3		52.7		53.2		3.5		0.3																						16		52.6665098777		-1.3665098777

		55.7		52.7		53.2		6.4		0.3																						17		52.6665098777		3.0334901223

		47.3		52.7		53.2		34.4		0.3																						18		52.6665098777		-5.3665098777

		54.1		52.7		53.2		0.9		0.3																						19		52.6665098777		1.4334901223

		54.2		52.7		53.2		1.1		0.3																						20		52.6665098777		1.5334901223

		sum						56.7		310.8





Sheet3

		N		P		D		ND		PD		Y		Yhat_R								SUMMARY OUTPUT

		-1		-1		-1		1		1		14.6

		1		-1		-1		-1		1		24.3										Regression Statistics

		-1		1		-1		1		-1		16.1										Multiple R		0.733107908

		1		1		-1		-1		-1		18.8										R Square		0.5374472048

		-1		-1		1		-1		-1		22.1										Adjusted R Square		0.3722497779

		1		-1		1		1		-1		48.3										Standard Error		13.3735375388

		-1		1		1		-1		1		36.1										Observations		20

		1		1		1		1		1		68.1

		-0.5		0		0		0		0		34.3										ANOVA

		0.5		0		0		0		0		63.5												df		SS		MS		F		Significance F

		0		-0.5		0		0		0		39.7										Regression		5		2909.3444117647		581.8688823529		3.2533630517		0.037146258

		0		0.5		0		0		0		55										Residual		14		2503.9210882353		178.8515063025

		0		0		-0.5		0		0		44.5										Total		19		5413.2655

		0		0		0.5		0		0		64.9

		0		0		0		0		0		56.4												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		0		0		0		0		0		51.3										Intercept		43.465		2.9904139036		14.5347772584		0.0000000008		37.0512000681		49.8787999319		37.0512000681		49.8787999319

		0		0		0		0		0		55.7										N		10.0235294118		4.5870855325		2.1851629626		0.046370991		0.1852094253		19.8618493983		0.1852094253		19.8618493983

		0		0		0		0		0		47.3										P		4.4058823529		4.5870855325		0.9604971003		0.3531012268		-5.4324376335		14.2442023394		-5.4324376335		14.2442023394

		0		0		0		0		0		54.1										D		13.0588235294		4.5870855325		2.84686724		0.0129295672		3.2205035429		22.8971435159		3.2205035429		22.8971435159

		0		0		0		0		0		54.2										ND		5.725		4.7282595411		1.2108049379		0.2460146324		-4.4161081207		15.8661081207		-4.4161081207		15.8661081207

																						PD		4.725		4.7282595411		0.9993106256		0.3346041037		-5.4161081207		14.8661081207		-5.4161081207		14.8661081207

																						RESIDUAL OUTPUT



																						Observation		Predicted Y		Residuals

																						1		26.4267647059		-11.8267647059

																						2		35.0238235294		-10.7238235294

																						3		25.7885294118		-9.6885294118

																						4		34.3855882353		-15.5855882353

																						5		31.6444117647		-9.5444117647

																						6		63.1414705882		-14.8414705882

																						7		49.9061764706		-13.8061764706

																						8		81.4032352941		-13.3032352941

																						9		38.4532352941		-4.1532352941

																						10		48.4767647059		15.0232352941

																						11		41.2620588235		-1.5620588235

																						12		45.6679411765		9.3320588235

																						13		36.9355882353		7.5644117647

																						14		49.9944117647		14.9055882353

																						15		43.465		12.935

																						16		43.465		7.835

																						17		43.465		12.235

																						18		43.465		3.835

																						19		43.465		10.635

																						20		43.465		10.735






