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APPENUIX 1) 

Formula for Statistical Analysis 

(Design F. xpcrt Version 7.1.6, User's Guide) 

I. Model rcprcý, cnts the tcrms cstinuitinu Iäctor cflccts. 

Residual are the unexplained variation seen as the dil'lerence between the 

ob, ýcrv cd response and the value predicted by the model lör a particular design 

point. It is used to estimate experimental error. 

Lack of At compares the residual error mean square (MS) to the lure error MS 

and represents the v ariatlon of data around the fined model for a particular design 

point. It is Used to estimate experimental error. 11'a model has a significant lack of 

fit it is not Lood predictor ol'the response and should not be used. 

4. I'111'c crl'ol' of r\pci'llllciital cl-1-01. is the noi'nlal variation in the response which 
, lhhe; lrs \V hell all c\perilllelll is repeated. Repeated experiments Palely produce 
eyaetly the ,; i lie l'esllIts. Purr error is the minimum variation expected in a series 

of eypel'llilelltS. 
It rail he estllllated by replicating points in the design. The more 

replicated points the heuer will he the estimate of the pure error. Pure error is used 
to test the Lick of lit teillls liar possible signilicance. 

('()I'I'CCIC(I total 1S the total Slllll Ol squares corrected for the mean. It 1S the sum OI 

lilc Slýllal'ý'ýI dlllcrcIICeS het\VCCII the llldlV'idllaI observations and the ovcrall 

tilllll lli squares (. SS) is the ,, lllll ol the squared distances from the mean C{L1C to an 

ý"Itý'ýl. 

t,. 1 \Iu. IcI SS is the sum ol'squares for terms in the model. 

(ý. Residual SS is the sum oi'squares tier all the terms not included in the 

1110del. 

IZcsidual SS C'orrcctcd total SS - Model SS 
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o.., Lack of tit SS is the residual SS alter removing the pure error SS. 

Lack oflit SS = Corrected total SS - Pure error SS - Model SS 

(). 4 Pure error SS is the purc cri-or SS lör replicated points. 

h. ý ('()I'1'Cl'[Cd total IS ihC SUM (lt squared deviations OI each point Cl'olil 

the Illcull. 

7. I)e:; ree of fITcdlºIll (d. l) is the number of independent comparisons available to 
ý'Sllnlale a harameler. 

7.1 Model (IS is the model which comprises the number of model terms 
including the intercept minus one. 

N, ludcl d. 1'=l: +k(k+ 1)/? 

\ý hcrc. h= l)ciree of 1-reedom of first order coed icients 

7. ýI csidual d. fis the estimation of v ariancc around the model. 

Rcsidual d. f Corrected total d. f- Model d. f 

7.. ', Lack of fit (f. f IS the amount of Information available 11-oill the 

replicated points. 

I 
. ack oI' tit d. 1' - Residual d. l- Pure error d. f 

7.4 I)lll'l' CI'1'llt' 11. t1S 111C Zllll()llilt ol' available from replicated 
ýýýýIIIIs. 

Purr ricer ni -I 

\\ hLIC. Iii -- fatal number ol'center points 
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-. 5 Corrected total d. f is the total degrecs of l-cedom Im the experiment. 
IIIIIlU" llne 1,01- the Illcall. 

Corrected total d. I= III + n, 1 

\1 bcrc. ni Total number of center points 

n, - Total number of axial and fractional points 

1lcan sýýuarc (NIti) is the sum of' squares divided by the number of degrees of 
t'rCCdOnl and it i: used to estinuttc the variance. 

S. I Model Nlti i: the estimate 0I, m0del variance. 

Model \1S Model SS / Model d. f 

ti. -, Kc, icIual N1S is thc cstimmtc oC process variance. 

Residual CIS Residual SS / Residual d. (' 

S_ý Lack of fit \I is the cstimatc of lack ol' fit. 

Lack 0f lit MS Lack of It SS / Lack of lit d. l' 

S. 4 PUI C cr1-01- NIS is the CStinulle ol-pure error variance. 

I'urc crror NIS -- l'urc error SS/ Purc error d. f 

ýý F-Nalllc 1> It pnoh; lhllltý dlktrlhutlon used to compare variances by examining their 
I: II W. II' ihcv arc equal then the l` value would equal I. "[he F value in the 

. A\( )\ .A table i; the ratio ol, model mean square (MS) to the appropriate error 
mean syuate. I he lame the ratio. the laruet the l value and the more likely that 
file ý: II'1.111ce co ill'Ihtlted by the model is sigllllIcalltIv larger than random error. 
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1). I F-value of model compares model variance with residual variance. 

I`-valuc ol'modcl = Nlodcl MS / Residual MS 

1). i F-value of lack of tit compares lack of tit variance with pure error 
\ a1'lal1Cc. 

I'-v aluc of lack of lit = Lack of' tit NIS/ Pure error MS 

1 U. I'roh>F i,, the probability v alue that is associated with the F Value for this term. 
It is the prohahilit' of getting an F Value of this size il' the term did not have an 
ellcct on the response. In general. a term that has a probability value less than 
0.05 would he considered a significant eflcct. A probability value greater than 
(). 1O is ýceneralIý re, -, alded as not signilicant. 

1l. ('ocfflcient of determination (R2) is an estimate of the overall variation in the 
data aroulld the mean accounted for by the model. A value of 1 . 00 represents the 

Ideal case at vv hich 11)() ()o of the variation in the observation value can be 

eypfdn d by the chosen model. 

I: ' I-I IZcsiduul SS / (Model SS + I: csidual SS)J 
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