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Experimental Design

e Definition 1
e Variables (Factors Responses)

y =1(x1,x2, .y Xn) c s

y= b{] + bx; + ng-_g + me;Xg 8 -

y=bo+ b x|+ byxy + bnlll + bzsz% + baxixz




Main Steps of
Experimental Design
Screening Design

X1 X2 X3
1 1 1
2 1 1
3 1 1

X1 X2 X3

No Mathematical
Model

No Interactions can be
Detected

X1

SELECTION OF INITIAL FACTORS AND RESPONSES

)

SELECTION OF EXPERIMENTAL DOMAIN

l

SCREENING DESIGH

)
DISCARD UNIMPORTANT FACTORS

4
SELECTION OF STRATEGY
1 4
SEQUENTLAL DESIGNS SIMULTANEOUS DESIGNS
1 1
SELECTION OF OPTIMUM TWO-LEVEL FACTORIAL DESIGN
i
DETERMINATION OF IMPORTANT
VAR[ABLES AND INTERACTIONS
"4 bt
INTERACTION NO INTERACTION
PRESENT
d 1
X 2 X3 MORE THAN TWO- MORE THAN TWO-
LEVEL MORE- LEVEL ONE-
VARIABLE DESIGN VARIABLE-AT-A
1 1 FOR DESCRIPTION TIME INVESTIGATION
OF RESPONSE SURFACE
1 2 1 L
SELECTION OF SELECTION OF
1 3 OPTIMUM OPTIMUM



Main Steps of
Experimental Design

) i SELECTION OF STRATEGY
Sequential Design i
i
SEQUENTIAL DESIGNS SIMULTANEOUS DESIGNS
No Mathematical Model | L
No Interactions can be Detected SELECTION OF OPTIMUM TWO-LEVEL FACTORIAL DESIGN
l
DETERMINATION OF DMPORTANT
VARIABLES AND INTERACTIONS
K N
IMTERACTION MO INTERACTION
PRESENT
A8 l
MORE THAN TWO- MORE THAN TWO-
LEVEL MORE- LEVEL ONE-
VARIABLE DESIGN VARIARLE-AT-A
FOR DESCRIPTION TIME INVESTIGATION
OF RESPONSE SURFACE
l )
SELECTION OF SELECTION OF
OPTIMUM OPTIMUM




Main Steps of
Experimental Design
2-Level Factorial Design N=2K

pH |

5_

S——

1.2

Solvent
strenath

Y2

Yy

3

Y7

SM!LTANEG:US DESIGNS
l
TWO-LEVEL FACTORIAL DESIGN
DETERMINATION OF IMPORTANT
VARIABLES AND INTERACTIONS
¥ b
INTERACTION NO INTERACTION
PRESENT
l )
MORE THAN TWO- MORE THAN TWO-
LEVEL MORE. LEVEL ONE-
VARIABLE DESIGN VARIABLE-AT-A
FOR DESCRIPTION TIME INVESTIGATION
OF RESPONSE SURFACE
' l
SELECTION OF SELECTION OF

OPTIMUM

OPTIMUM



Main Steps of
Experimental Design
More than 2 level Design

Full Factorial Design (N=LX)

 Central Composite Rotatble Design N= 2X + 2K + 1
* Box Benken Design

* Doehlert Design



Main Steps of

EIESESESIN EIESECIRCEING
1

_ _ 1 1 1 1 6 2 1
Experimental Design
Full Factorial Desi 2 2 1 1 7 2 2 1
ull Factorial Design NS S
¢ K=3 4 4 1 1 9 4 2 1
¢ =5 5 5 1 1 10 5 2 1
al x| xa vl n| x| -
1 3 1 16 1 1
2 3 1 17 2 1
3 3 1 18 3 1
4 3 1 19 4 1
5 3 1 20 5 1




Main Steps of
Experimental Design

CCRD Design (K=2, N=9)

o = 2K/4- — 21/2

Experiment X X2
I —1 -1
2 +1 -1
3 .| +1
4 +1 +1
3 -2 ()
&) +%2 0
7 0 2
B {0 +2
9 eic. 0 [

b)



Main Steps of
Experimental Design

CCRD Design (K=3, N=15)
o = 2K/4- — 23/4

A three-factor central composite design

o7 o S

—— +(}

Experiment Xy Xz X3

1 —1 -1 -1

2 +1 =1 =1

3 -1 +1 —l1

4 +1 +1 -1

5 —1 -1 +1

G +1 —1 +1

7 -1 +1 +1

] +1 +1 +1

o -1 .682 0 0

I} +1.682 0 0

I )] -1 682 0

12 0 +1.682 0
13 0 0 ~1.682
14 0 0 +1.682
|5 etc, ] 0 0




Main Steps of
Experimental Design
Box-Behnken Design

* For K=3, N=13
* Less Number of Experiments
* 3 level for each factor

The Box-Behnken design for k=3

Expt.

P I T R T L A

[ I e e

13 etc.




Main Steps of
Experimental Design
Doehlert Design

 Less Number of
Experiments

e Different Levels
e Can be Transferred

Doehlert design for 2 factors

s3

+0.866

-0.866 1

Expt. X} X2
| 1 0
2 -1 0
3 0.5 (.866
4 -3 {1.E66
5 0.5 —{).866
6 -0.5 ~{).866
7 0 0




Statistical Software

 STATISTICA
‘ Version 10

Statistica
Minitab 17
Design Expert
SPSS
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AN IBM® COMPANY
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STATISTICA - Spreadsheet1 - X
File Edit View Insert Format |Statistics Data Mining Graphs Tools Data Enterprise Window Help
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il Nonparametrics
P Distribution Fitting

—| Data: Spreadsheet1 (10v Distributions & Simulation E@
L Advanced Linear/Nonlinear Models * —
1 # Multivariate Exploratory Techniques * ¢ | 7 | & | ¢ 10
Var1 V Quality Control Charts Var9 | Varl0
1 ¥h Power Analysis Process Analysis
2 Automated Neural Networks @,
3 @l PLS, PCA, Multivariate/Batch SPC Multivariate Quality Contro
g Variance Estimation and Precision 6 Six Sigma (DMAIC) Shortcuts *
6 Statistics of Block Data '
7 #3 STATISTICA Visual Basic
8 i Batch (ByGroup) Analysis
13 ¥l Probability Calculator '
I
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@, Design & Analysis of Experiments; Spreadsheet] ? X

Cluick \Advanced] K

ﬁn Z*K-n) standard designs (Box, Hunter, & Hunter) Cancel

i, F*k-n) and Box-Behnken designs

g Mixed 2 and 3 level designs 3 Options -

@ Central composite, non-factonal, sudace designs For fulbfactoil designs,

s Mivture designs and tiangular sufaces hierarchically nested modets
of designs with unbalanced
nesting, and mited-model
(random effect) designs, see

also Wariance Components
and GLM.

= OpenData

SELECT
s 2 & L]




ﬁ, Design & Analysis of Experiments; Spreadsheet

Cluick |Advanced|

b, 2 k-p) standard designs (Box, Hunter, & Hunter)
B 3*{K-n) and Box-Behnken designs
g Mixed 2 and 3 level designs

@ Central composite, nonfactonal, suface designs
g Misture designs and trangular surfaces

Cancel

B Options ~

Far full-factonial designs,
hierarchically nested models
or designs with unbalanced
ncting, and mioed-modsl
{random effect) designs, see
also Variance Components
and GLM.

= OpenData
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Design experiment | Analyze designl K
@) Standard design () Small design Cancel
- (resolution af cube: V+)
Factors/blocks,/runs: Factors/blocks/runs: & Options v
Ri1i44 81182 MEEN
hizfd4  Bj2/a2 442118
hibfd?  Bfh/82 h{1/24
Bi1/46 higf2d
3T w2k B/1/30
411726 Bi3147 B/2/30
4f2fee 71780 711440
4f3f2d 12/l raLll
hi1fed  7{hfE3 8154
higfen 79787 o/2{5d

Replications, additional points, labels, etc., can be specified on the next dislog; see also the
3**{K-p) and Box-Behnken design option for addtional designs.
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@, Design of a Central Composite (Response Surface) Experiment: Spreadsheet2 ? *

van Varz Var?’ STANDARD DESIGN SUMMRRY: 2**(2) cube plus star (central composite design)

1| Humber of factors: 2
2 Number of blocks: 1
Number of runs: 10 nc=4 ns=4 ni=2
3 Blpha for rotatability: 1.4142 Alpha for orthogonality: 1.0781
4
: 2
6
7 Quick | Dizsplay design | Add to design | Design characteristic | Generators & aliases | Surnrmany 1
8
g Summary: Display design ‘ | Cancel |
0

—

Order of runs

|B’> Summary Box |

(@ Standard order
- Opti - |
(JRandom by hblocks |E L
The information shown in the
Summany Box pertsins to the
Tl Change factor names, values, etc. default design; use the Display
design option to change the

To =ave the design, use option "Display design,” medify the design if necessary, and save the Spreadshest.
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1 2 | 2 | e
Vari Var2 Var3d
1]
2 Facior |Factor| Low | Low | Center | Center | High | High | Star Low | Star Hi.
3 Name | Value | Label | Value Label |Value | Label| Label Label
4 A1) A 1 Low 0 CenterPt 1 High StarLow StarHigh
g | |B (2) |B -1 Low 0 CenterPt 1 High StarLow StarHigh
7
8
]
10
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B (2) [Time  12.93 Low 20 CenterPt [ 27.07|High  StarLow  StarHigh
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|

-y

/]| Design of = Cental Compo. | 8 Design ofa Cental Compo..| |3, Design of a Cemtral Co... |

ForHep.pressf? 0000000000000  Spreadshee? CIVI 0000000000



STATISTICA - [Data: Spreadsheet2 (10v by 10c)]
‘ Eile Edit View Insert Format 5Statistics Data Mining Graphs Tools Data Enterprise Window Help

=l T S o ; &%  Add 0 Workboo Add 0 Benon

Mumber of genuine replicates: DE

Mumber of center points (per block): DE |@? summary Bex ‘

Mumber of blank columns (dep. vars): DE

] # ig - ':I!In:'lf _ 5a . G * 5 A : s s DTS T e T _-r":él A Bt
UL aia “Jf10 ~ A2 L REES 8\ 8 - (5~
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6
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0
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Eﬂfile Edit View Insert Format 5tatistics Data Mining Graphs Tools Data Workbook Enterprise Window He

2**(2) central composite, nc=4 ns=4 n0=2 Runs=10 (Spreadsheet2)

Standard |+ 3 center points
Run Fe Time DV _ 1
1 [0.129289] 12 92893
2 0.129289 27 07107
3 0.270711 12.92893
4 0.270711 27.07107
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9 (C) 0.200000 20.00000
10 (C) 0 200000 20 00000
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0.200000 20 00000
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2 0.129289 27 07107 65899 B 2=K-p ~ o
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7 0.200000 10.00000 73.00 4126 Bp3j47 672430
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4 0270711 27.07107 82.31 Elocking ez nmnz
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S s ﬁ Analysis of a Central Composite (Response Surface) Experiment: CCD 1111 ? x
‘m Arial VH 10~ H-“ DESIGN SUMMARY:
7l 4 B Ter ‘. Number of factors (independent wariables): 2
o B - Total number of runs (cases, experiments): 13
2 (2} Dentral DDmDDSIter nc—-"-‘ Nu;ber of unigues runs (cases Egerimen:s:l: b=
Standard |+ 3 center points Number of blocks: 1
Run Fe —I—"_"e RE Mumber of replications: O - 4
1 0.129289 12.92893
2 0.129289 27.07107 B2
3 gg;g;j::: ;?gg?g? Wariahle: |RE;’-' V‘ |@¢ Erint results | All wariables .
2 0.100000 20.00000 Review/save residuals | Fesidual plats | Box-Cox | Prediction & profiling
6 0.300000 20.00000 Quick | Model | Design |  ANOvA/Efects | Means
7 0.200000 10.00000 B Options ~
8 0.200000 30.00000 AN A, Fredicted (estimated) response
9 0.200000| 20.00000 Summary: Effect estimates | |L-§/ Fitted response surface | Iﬂ By Group |
10 0.200000 20.00000
11 0.200000 20.00000 ANOWA table | | Fifted response profiles |
12 0.200000 20.00000
13 0.200000 20.00000 Fareto chart of effects | |E Critical values {min, max, saddle) |

These results are for the cument medel; you can change the model (add or remove interaction effects) on the Model tab.
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= Workbook2* Effect Estimates: VarRE% R-sqr=95682: Adj- 92597 (CCD 1111)
El@ Experimer 2 factors, 1 Blocks, 13 Runs; MS Residual=4.810328
=+cp Analysi DV: RE%
] Effe Effect | Std.Err. t(7) p -95 % +05 % Coeff. Std.Err. | -95% +05 %
Factor Cnf Limt | Cnf Limt Coeff. | CnfLimt | Cnf.Limt
Mean/interc. | 85.4780] 0.980849 87.14691| 0.000000 83.1587 87.79734( 85.47800 0.980849  83.15866| 87.79734
(1)Fe (L) 14 8638 1.550859 9.58426 0.000028 11.1966 18.53103| 7.43192 0.775430 559832 926552
Fe (Q) -8.2155| 1.663111| -4.93984| 0.001675| -12.1481 -4 28287| -4 10775 0.831556 -6.07407 -2.14143
(2)Time (L) 1.1836 1.550859 0.76318 0.470288 -2.4836 4.85079) 0.59179 0.775430 -1.24180 2.42539
Time (Q) -11.2255 1.663111| -6.74970| 0.000265 -15.1581 -7.29287| -5.61275| 0.831556| -7.57907| -3.64643
1L by 2L 1.2700 2.193246 057905 0.580702 -3.9162 6.45620| 0.63500 1.096623 -1.95810 3.22810
<
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LDESIGN SUMMARY:
7 i Humber of factors (independent variables): 2
- Total number of runs (cases, experiments): 13 —
a Workbook2* Effecl ES' Humber of unigqgue runs (cases exXperiments): 3
E-5p Experimer Humber of blocks: 1
ﬁ P 2 fa[:l(}rs, Humber of replications: 0 - 4
=} I& Analysi DV: RE%|
w1 Effex Effect SN
Factor
Mean/interc. | 854780 . . |F{EJ’.’ V‘ ‘@? Erint results | All variahles

(1)Fe (L) | 148634

Fe (Q) -8 2154 Rewview/sawve residuals | Residual plots I Box-Cox | Frediction & profiling
(2)Time 1.183¢ | | | |

(L) Quick Model Design | ANOVA/Effects | Means

Time (Q) | -11.225¢
1L by 2L 1.27

AMNOWA, Fredicted (estimated) response I8l Options

Summary: Effect estimates I |L§/ Fitted response surface | Iﬂ By Group |
ANONVA tafle | | Fitted response profiles |
Fareto chart of effects | |ﬁ Critical walues (min, max, saddle) |

These results are for the cumant medsl; you can changs the medsl (3dd or remowe interaction effects) on the Model tab.
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2 factors, 1 Blocks, 13 Runs; MS Residual=4.810328

DV: RE%
-I'] Effec|Factor SS df MS F
.[ancl(f)Fe (L) (24186721 1 441.8672 9185801
Fe (Q) 117.3816) 1) 117.3816 2440200
(2Time (L) | 28018 1 28018 058245
Time (Q) 2191510 1] 219.1510) 45 55844
1L by 2L 1.6129 1 1.6129 0.33530
Error 336723 7 4. 8103
2

Total S5 779.7469

-y

< . > || Effect Estimates: Var:RE%: R-sqr=95682; Adj. 92597 (CCD 1111) || ANOVA: Var:RE%: R-sqgr=95682: Adj:92597 (CCD 1111)
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DESICN SUMMARY:
£ B Numier of factors (independent wariables): 2
. Total number of runs (cases, experiments): 13 —_—
B‘ Workbook2* F\NUV}!\,; \l Number of unigue runs (cases experiments): 3
- Experimer Number of blocks: 1
EHZI&F; I E]LEDF:[E;’] Number of replications: 0 - 4
nalysi .
-] Effec|Factor SS o) |
I ]ANC|(1)Fe (L) [441.8672
Fe (Q) 117.381€ «opicpie: |F’1E;’-r V| ‘g Frint results ‘ Allvariahles
(2)Time (L) | 2.8018
Time (Q) 219 1510 Feview/save residuals | Fesidual plots | Box-Cox | Frediction & profiling
1L by 2L 1.6129 Cuick | Model | Design | ANOVA/Efects | Means
Error 33.6723 _ _
A O A, FPredicted (estimated) response
Total SS 779.7464 ( ) resp
Summary: Effect estimates ‘ ‘LQ/ Fitted response surface ‘ EEI By Group |
AMNOYWA table 1 ‘ Fitted response profiles ‘
Pareto chart of effects ‘ ‘E Critical walues (min, max, saddle) ‘

These results are for the curent model; you can change the model (add or remove interaction effects) on the Model tab.
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= Workbook2*
-y Experimer Pareto Chart of Standardized Effects; Variable: RE%
EHEp Analysi 2 factors, 1 Blocks, 13 Runs; MS Residual=4.810328
-] Effe DV: RE%
[T ANC B
@) Pare
& Pare
(1Fe(l) 0584259
Time(Q)
Fe(Q) -4.93984
(2)Time(L) 7631829
1Lby2L } 5790504
< > E ANOVA; Var.RE%; R-sqr=95682; Ad}.92597 (CCD 1111) @ Pareto Chart of Standardized Effects; Vanable: RE®%: @ Pareto Chart of Standardized Effects: Vari:
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ﬂ Analysis of a Central Composite (Response Surface) Experiment: CCD 1111

| Workbook2*
: ; DESIGN SUMMARY:
Elb E)(pe"mer Number of factors (independent wvariables): 2
BB Analysi Total number of runs (cases, experiments): 13
Humber of unigue runs (cases experiments): 5

7] Effe

Number of blocks: 1
Number of replications: 0 - 4

L5

()Fe(L) | YWariahle: @7 Erint results Allvariahles
Rewview/sawve residuals | Residual plots | Box-Cox | Prediction & profiling
Quick Model |  Design |  ANOVA/Eflects |  Means
AMOWA Predicted (estimated) response
Time(Q) ¢
@ Summary: Effect estimates | |L§/ Fitted response surface | By Group |
AMOWA table | | Fitted response praofiles |
Fareto chart of effects [ Critical values (min, max, saddle)
Fe(Q) + i | |

()Time(L) }

1Lby2L }

These results are for the cument medel; you can change the model (add or remove interaction effects) on the Model tab.
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DERRA SR B® | | # Addto Workbook - Add to Report - Add to MS Word - ° | @ K2 .

L__‘i‘o' Waorkbook2*
=+Ep Experimer Fitted Surface; Variable: RE%

Ell-? Analysi 2 factors, 1 Blocks, 13 Runs; MS Residual=4.810328

DV: RE%

ey

< > & Pareto Chart of Standardized Effects; Variable: RE% (&) Pareto Chart of Standardized Effects; Variable: RE% Eﬁ Fitted Surface: Variable: RE%
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@; Analysis of a Central Composite (Response Surface) Experiment: CCD 1111 ? X
[ Workbook2*
H - DESIGN SUMMARY:
Bb E)(pe"mer Number of factors (independent wvariables): 2
BB Analysi Total number of runs (cases, experiments): 13
Humber of unigue runs (cases experiments): 5

7] Effe

Number of blocks: 1
Number of replications: 0 - 4

L5

‘Variahle: [RE# v Allvariables

Rewview/sawve residuals | Residual plots | Box-Cox | Prediction & profiling
Quick Model |  Design |  ANOVA/Eflects |  Means

AMOWA Predicted (estimated) response
Summary: Effect estimates | |L§/ Fitted response surface | By Group |

ANOWA table | h Fitted response profiles ;

g Fareto chart of effects | |§ Critical values (min, max, saddle) |

=
These results are for the cument medel; you can change the model (add or remove interaction effects) on the Model tab.
< > @ Pareto Chart of Standardized Effects; Variable: RE% @ Pareto Chart of Standardized Effects; Viariable: RE% @ Fitted Surface; Variable: RE% @J Fitted Surface; Variable: RE% EIZ‘
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= Workbook2*
£}y Experimer Fitted Surface; Variable: RE%
55 Analysi 2 factors, 1 Blocks, 13 Runs; MS Residual=4 810328
-] Effe
DV: RE%
-7 ANC ?
@ Pare
@ Pare
@ Fitte
@ Fitte
L4b]
E
|—
< 3 & Pareto Chart of Standardized Effects: Variable: RE% (& Pareto Chart of Standardized Effects; Variable: RE% (& Fitted Surface: Variable: RE% &) Fitted Surt
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0 £

M = =A=' i B __E.\\ = e lr' Add ta Workbook ~ Add to Report ~ Add to b Nord - = 2
_JUIEINormal Grap.. ~ ! i &l ﬂi Fir . @, Analysis of a Central Composite (Response Surface) Experiment: CCD 1111 ? X
= Workbook2*
: - DESIGN SUMMARY :
BB Experlmer Humber of factors (independent wvariakles): 2
Bb Analysi Total number of runs (cases, experiments): 13
Number of unigue runs (cases experiments): 3
ID Eﬂ:Et Number of blocks: 1
D ANC HNumber of replications: O — 4
@ Pare
@ Pare B2
-l Fitte .
gFﬁ Yariahle: |REA ~ \Qf‘ Erint results ‘ Allvariakles
Feview/save residuals | Fesidual plots | Box-Cox | Frediction & profiling
Quick Model | Design | ANOVA/Effects | teans
ANOWA Fredicted (estimated) response
Summany: Effect estimates ‘ |L§/ Fitted response surface ‘ EEI Bw Group |
ARONVA tahle ‘ | Fitted response profiles ‘
g |E Pareto chart of effects ‘ |E Critical values {min, max saddle) ‘
=
These results are for the curent model; you can change the medel (add er remove interaction effects) on the Medel tab.
< > @ Pareto Chart of Standardized Effects; Variable: RE% @ Pareto Chart of Standardized Effects: Variable: RE% @ Fitted Surface: Variable: RE% Eﬁ! Fitted Surface; V
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= Workbook2* Critical values: Variable: RE% (CCD 1111)

Elﬁ' Experimer Solution: maximum
Elﬁ Analysi Predicted value at solution: 88.900338

-Eﬁa Critical | Observed
Minimum | Values | Maximum

. .
10.00000 20.73785 30.00000

: Criti+

< - 3 (& Fitted Surface: Variable: RE% Response surface; Variable: RE% (CCD 1111) Eigenvalues and eigenvectors ; Variable: RE%
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infl [ @, Analysis of a Central Composite (Response Surface) Experi

= Workbook2*
H - DESIGN SUMMARY:
Bﬁ Expe"mer Number of factors (independent wariables): 2
Eﬁ Analysi Total number of runs (cases, experiments): 13
Number of unigue runs (cases experiments): 5
D Effec Number of bklocks: 1
D AMNC Number of replications: 0 - 4
@1 Pare 2l
@ Pare | ﬁﬂ
P Fitte ;
g itt i Yariahle: [RE& ~ |@¢ Erint results | Allvariahles
17 Resp 85 [ Quick | hodel | Design | ANOVA/Effects Means |
1] Eige Feview/save residuals | Residual plots | Baow-Cox Frediction & profiling
D Desi | Response desirakility profiling | Fredicted ws. observed values i
] 80 By G
Y Laroup
@ Fitte |§ Fredict dependent wvariable values ‘
& Obst o ‘L@/ Surface plot fited respanse) |
o
< ‘ Contour plot ffited respanse) |
B 1ot _ _
5 [ ] Show fitted function
E [v] Show area contours
o
70 |E Critical walues (min, max, saddle)
Thesze results are for the cumrent model; you can change the model (3dd or remove interaction effects) on the Model tab.
65 t /
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Central Composite Design
Factors: 2 Replicates:
Base runs: 13 Total runs:
Base blocks: 1 Total blocks:
Two-level factorial: Full factorial
Cube points: 4
Center points in cube: )
Axial points: 4
Center points in axial: 0
a: 1.41421
Design Table
Run Blk A B
1 1 -1.00000 -1.00000
2 1 1.00000 -1.00000
3 1 -1.00000 1.00000
4 1 1.00000 1.00000
5 1 -1.41421 0.00000
6 1 1.41421 0.00000
7 1 0.00000 -1.41421
8 2 0.00000 1.41421
9 1 0.00000 0.00000
10 1 0.00000 0.00000
11 1 0.00000 0.00000
12 1 0.00000 0.00000
13 1 0.00000 0.00000
v
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StdOrder RunOrder| PtType | Blocks C3  PtType
C4  Blocks
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| 1 C6 Time (" Individual plots
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6 6 6 -1 1

T R i ion: i v

7 - - E 1 [¥ Regression equation ISeparate equation for each set of factor levels __] 5
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9 9 9 0 1 1 ‘_J
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Response Surface Regression: RE% versus Fe, Time
Analysis of Variance
Source DF Adj sS Adj MS F-Value P-Value
Model 5 746.075 149.215 31.02 0.000
Linear 2 444.669 222.334 46.22 0.000
Fe 1 441.867 441.867 91.86 0.000
Time 1 2.802 2.802 0.58 0.470
Sguare 2 299.793 149.896 31.16 0.000
Fe*Fe 1 117.382 117.382 24.40 0.002
Time*Time 1. :219.151 219.15% 45.56 0.000
2-Way Interaction 1 1.613 1613 0.34 0.581
Fe*Time 1 1.613 1.613 0.34 0.581
Error 7 33.672 4.810
Lack-of-Fit 3 17,993 5.998 1.53 0.337
Pure Error 4 15.680 3.920
Total 12 779.747
Model Summary
S R-sq R-sg(adj) R-sg(pred)
2.19325 95.68% 92.60% 80.45%
v
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Model Summary
s R-sg R-sg(adj) R-sg(pred)

2.19325 95.68% 92.60% 80.45%

Coded Coefficients

Term Effect Coef SE Coef T-Value P-Value VIF

Constant 85.478 0.981 87.15 0.000

Fe 14.864 7.432 0.775 9.58 0.000 1.00

Time 1.184 0.592 0.775 0.76 0.470 1.00

Fe*Fe -8.215 -4.108 0.832 -4.94 0.002 1.02

Time*Time -11.226 -5.613 0.832 =6.75 0.000 1.02

Fe*Time 1.27 0.63 1.10 0.58 0.581 1.00

Regression Equation in Uncoded Units

RE$ = -9.9 + 408.3 Fe + 4.320 Time - 822 Fe*Fe - 0.1123 Time*Time + 1.27 Fe*Time

Residual Plots for RE%

v
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