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This electronic supporting information $4 contains the main steps for fitting a response
surface model using Minitab 17 (Minitab Inc.).

This process was used in “Predicting instrumental mass fractionation (IMF) of stable
isotope SIMS analyses by response surface methodology (RSM)” by Fabrega et al.

1. Copy and paste the SIMS data and IMF calculations from your spreadsheet to Minitab 17.
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3. If desired, a Response Surface Design toolbar can be created in Tools.
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4. Select Create Response Surface Design.
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5. Introduce the number of continuous factors (predictor variables).
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6. Look at the Available Designs proposed by Minitab.
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7. Choose one of the proposed Designs.
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10. Define the Results.
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11. Click OK - OK and Minitab will generate the specified Response Surface Design. The design
appears in the Session Window, and the Matrix Design appears in the newly created
Worksheet 2.
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12. Go back to the Worksheet 1 (SIMS data). Select Define Custom Response Surface Design.
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13. With double click, select the Continuous Factors (predictor variables) from the left.
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14. Define the Low and High Values for the Factors.
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15. Go to Analyze Response Surface Design:
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16. Introduce the Response. In this case IMF.
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17. Select the initial model Terms.
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18. If desired, in Options you can weight and transform the variables.
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19. If desired, in Stewise you can select an automatic stepwise selection method of the model
terms (we recommend None).
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20. In Graphes, it is recommended to select Standardized residuals and Four in one:
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21. In Results, choose the results you want to visualize.
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22. In Storage, choose (recommended) Fits, Residuals, Standardized Residuals, Leverage and
Cook’s distance. The values will be stored in the Worksheet 1 in the final columns of the
right. Click OK - OK and Minitab will create the starting Response Surface Model.
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23. Check the Residual Plots:

Residual Plots for IMF
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24. Check the Leverage (HI) and Cook’s distance (COOK) of the model points looking for high
influential observations.

= Plagioclase database **

+ c21 c22 23 =X 25 2 27 28 ¢
PtType FITS RES| SRES HI COOK

1 1 5 55 5

2 1 0.984560 | -0.0004911| -1.15153 | 0.095350 0.008735

3 1 0.984602 | -0.0004053 | -0.94974 | 0.094198 0.005863

4 1 0984524 | 0.0002066 | 0.49105 | 0.119493 0.002045

5 1 0.984558 | 0.0003695 | 0.87911 | 0.121358 0.006672

[ 1 0.984531 | 0.0003120 | 0.74413 | 0.125601 0.004871

25. In the Session Window, Minitab shows the statistics of the model. Check the Model
Summary, which contains the statistics S, R-sq (R?), R-sq adj. (adjusted R?) and R-sq pred.
(prediction R?). From the Analysis of Variance, decide the first term that shouldn’t stay in
the model, using as elimination criteria the p-value, the VIF or your background knowledge.
In this example, the first term eliminated from the model will be X*Chamber Pressure,
because it displays the highest p-value (0.895) of all the terms.

] Minitab - Plagio response surface.MP) - [Session]
PCf Fle Edit Data Calc Stat Graph Editor Tools Window Help Assistant
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Model Summary

S  R-sg R-sq{adj) R-sg(pred)
0.0003758 94.61% 92.33% 85.59%

Coded Coefficients

Term Effect Cosf  SE Coef T-Value P-Value VIF
Constant 0.985144 0.000446 0.000
X -0.002758 -0.001379 0.000667 0.042 109.86
¥ 0.000801  0.000401 0.000377 0.292  42.29
Chanber Pressure -0.002586 -0.001283 0.000631 0.040  66.95
Primary Intensity 0.000943  0.000471 0.000860 0.585  72.58
LTidefk -0.001628 -0.000814 0.000717 0.259 101.90
LTidef¥ -0.002696 -0.001348 0.000692 0.055  71.15
an 0.005600 0.002800 0.000612 0.000 114.29
KA -0.001360 0.000725 0.087
iS4 0.000465 0.000538 0.390
Chamber Pressure*Chamber Pressure 0.000444 0.000544 0.417
Primary Intensity*Primary Intensity -0.000757 -0.000378 0.000830 0.650
LT1defX+LIldefx 0.001596  0.000798 0.000692 0.252
LTidefY+LTidefy 0.003496  0.001748 0.000610 0.005
An*Rn -0.000630 -0.000315 0.00068% 0.648
KA -0.000293 -0.000147 0.000916 0.873
K*Chamber Pressure 0.000221  0.000110 0.000835 0.895
X*Primary Intensity -0.004156 -0.002078 0.000939 0.030
K*LTldefx 0.002354  0.001177 0.000541 0.033
K+LT1defy -0.003006 -0.001503 0.000944 0.115
K*an -0.002093 -0.001046 0.000641 0.106
Y*Charber Pressure 0.002079  0.001038 0.000676 0.128
Y*Privary Intensity -0.004218 -0.002109 0.000938 0.027

¥*LT1defk 0.001515  0.000757 0.000749 0.315




26. Go back to Terms (Crtl+E) and move the term decided in Step 25 (X*Chamber Pressure in the
example) from the list of Selected Terms to the list of Available Terms.

aAnal:,tze Response Surface Design: Terms *
H Indude the following terms: |Full quadratic -
Available Terms: Selected Terms:
AC N
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< |aa
BB
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Ll Help 0K | Cancel | _‘
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27. Click OK-OK and run the model again. Repeat the backward selection process of steps 23-
24-25-26 until a satisfactory model is reached. Most of the terms remaining in the final
model should be significant for the regression (p-value<0.05) and present low
multicollinearity (VIF<10). The single terms of a hierarchical model can be no significant (p-
value>0.05).

Model Summary

R-3q R-sqladj) R-sq(pred)
0.0004484 90.47% £9.09% B86.74%

Coded Coefficients

Term Effect Coef SE Coef T-Value |P-Value VIF
Constant 0.985444 0.000125 7 0.000
X -0.000592 -0.000296 0.000106 0.008
Y -0.000127 -0.000064 0.00009%9 0.524
cp -0.001696 -0.000848 0.000187 0.000
21 0.000038  0.00001% 0.000297 0.943
LIldefX -0.000883 -0.000442 0.000171 0.011
LIldefy 0.000030  0.000045 0.000163 0.790
an 0.003279  0.00163% 0.000127 0.000
E¥E -0.004733 -0.002366 0.000213 -11.11 0.000
LT1defX*LT1defX 0.005032 0.002516 0.000301 8.36 0.000
LT1defY*LT1defY  0.00. 0.001339 0.000217 6.16 0.000
E*Rn -0.004078 -0.002039 0.000220 -9.29 0.000
¥+PI -0.002055 -0.001028 0.000432 -2.35 0.021
T*An 0.002364 0.001122 0.00034¢6 3.42 0.001
LT1defX*LT1defY 0.002117 0.001058 0.000403 2.63 0.010
LT1defX*An -0.002931 -0.001465 0.000230 -6.36 0.000

Regression Equation in Unceded Units

IMF = 0.98306 + 0.000000 X + 0.000002 Y - 362389 CP + 97098 PI - 0.000011 LIldefx
- 0.000018 LT1defY + 0.000032 An - 0.000000 X*X + 0.000000 LT1defX+LT1defX
+ 0.000000 LT1defY*LT1defY - 0.000000 X*An - 425 Y+BI + 0.000000 ¥*An
+ 0.000000 LT1defX*LT1defY - 0.000000 LT1defX*An

Fits and Diagnostics for Unusual Observations

Obs Fit Resid Std Resid

9 0 0.985820 -0.000263 -2.02 R
0 0 0.985709 -0.001095 55 R
24 0 0.985866  0.001056 59 R
37 0 0.984610 -0.001083 .60 R
39 0. 0.984885 -0.001114 70 R
4z 0 0.984668  0.001017 .52 R
46 0 0.987705  0.000978 .37 R
50 0 0.990996 -0.000444 19 X

0 0

983119 984003 -0.000884

,a
s
m

R Llarge residual
X Unusual X

<
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28. Check the Leverage and Cook’s distance of the model points to ensure that the final fitted
model does not contain highly influential points.

29. Go to Predict.

oM %

o Il 86 by ¥ % 5

Predict
Ic28 29 | Predict response values based on a 33
TEPEE LIMC fitted model.

01392 | 0.984459  0.985051 0.983844  0.985706

01384 | 0.984285  0.984334  0.983629  0.085480
- N E—

30. Enter the columns of values for prediction. The predicted values will be stored in the final
columns of the right:

Predict X

C1 Date A | Response: |IMF A
C2  Hour J
C3  Label
2 x Enter columns of values ~|
c5 Y

[

7 Pl x
8 LTidef

S e P1 LT1defx LT1defy An

c1o an P1 LT1defX LT 1defy
c11 160

c12 130 d 2
C13 Raw d180 VSM
C13  d180 SE VSMO'
15 Raw 130 /160
C16 180 /160 Fluor
c17 I

C18  StdOrder
C19 RunOrder

Ca1  PiType
FITS

Options... Results... ‘ Storage... ‘ !\EwMudE\m‘
Help oK Cancel

10985824 0.0006355 | 154656 0.1599471 0.028462 0.985894 0.0001793 0.985538 0.986243 0.984936

n SEUR

[ o e | Dy - I @ b D

c32 33 C34 €35 C36 C37 C38 39 c40 C4
LIMP_1 PFITS1 | PSEFITS1 cLim1 CLm2 PLIM1 PLIM2
0985706 L0.984775 Q0001392 0.984499 0935051 | 0.933844 0985706
0935490 0.924560 0.0001384 0.984285 0.984834 0983620 0983490
0985532 0.984602 0.0001376 0.984329 | 0.984875 0983672 0.985532
0983465 0.984524 0.0001550 0.984217  0.984832  0.983583  0.985463
0985499 0.984558 0.0001562 0.984248 | 0.984868 0983616 0.985499
0933474 0984531 0.0001589 0.984215  0.984846 0983587 0983474
0985272 0.984323 0.0001673 0983991 | 0.984655 0983374 0985272
0934958 0983983 0.0001945 0983603 0.984375  0.983020 0.984958
0986745 0.985820 0.0001274  0.985568 | 0.986073  0.9848956 0.986745
0086633 0.985709 0.0001265 0.985458 | 0.985353  0.984785 0.986633 :I
0986529 0.985613 0.0001101 0985395 | 0.985831  0.984697  0.986529 T
0986571 0.2585653 0.0001151 | 0.985425 0985881 | 0.984735  0.986571
0986609  0.985688 0.0001208 0985448 | 0.985927 | 0.984767  0.986609
0.986658 0.885736 0.0001235 | 0.985491 | 0.985981  0.984813 | 0.986658
0987023 0.986085 0.0001516 | 0.985784 | 0.986386  0.985146  0.987023
00868850 0,085031 00001 0985867 (988198 (985004 (936830
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31. Generate the scatterplot of the predicted vs. the actual IMF values. The points should follow
a 1:1 slope.

Minitab - 52.Plagicclase response surface model.MP)
File Edit Data Calc 5tat | Graph| Editor Tools Window Help Assistant
EEIS) 8 DB o [EiSme =IO EN
2 = 1 l_ Matrix Plot... 2
& [+ fm l'_ Bubble Plot.. Scatterplot :|
= - Examine the relationship between a
[ Marginal Plot... Y¥-variable and an X-variable. ==
| |= | = | = |dly Histogram...
|1 Plagioclase database Dotplot... r23 c24 c25
| | Plagicclase response surface Hg? Stem-and-Lesf... s RESI SRES
L Probability Plot... 4775 -0.0007906 -1.855
il T OUUS053 Uo7raTT U TST355 T UOUDDT
B1 Fa¥atut b K Ta) Filr 2 VL] NA25601 | nANAGT
Scatterplots *
P3
po With Regression
bp | - Simple With Groups  With Regression  and Groups
0o | - - o
n3 | - o @ e - e
L L] L]
B3 -
Ba
with Connect  With Connect
Bo Line and Groups
BS | -
T B/a/af"
Bl
Fa | -
RO
Help cK Cancel
pa
2 | Scatterplot: Simple x po| 0
3 55 O
o[ €1 Date ~ ¥ variables| X variables ~ E o
2z Hour 1 |PFITS1 MF
“lcs v 2 || 3 0
5| [|C8  CP 3 59 | O
C7 FI 4
1| flca  LTidefx 5 10
o LTidefr 6
Tlfcwo an = v glo
a|llcit 180 b7 | o
C12
5| ||C13  Raw d130 ¥SMC 81 | 0
C14 d180 SE VSMOW Scale... | Labels... | Data View. ..
6|lc15s Raw 180 /160 B6 O
C16 180 /160 Fh
2 ci7 IMF ! o Multiple Graphs. .. | Data Options... | 86 0
i} 59 | 0
3 B4 O
4 47 | 0
2 Help OK | Cancel a0
9| 0.985865 | 0.986428 | 0.985213 | 0.987079 | 0.986146 | 0.0001419 | 0.985865 | 0.986428 | 0
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Scatterplot of PFITS1 vs IMF

0.991

0.990

0.989

0.988

0.987

PFITS1

0.986

0.985

0.984

0.983
0.983 0.984 0.985 0.986 0.987 0.988 0.989 0.990 0.991

IMF

32. If desired, you can generate 3D surfaces or contour plots to visualize de behavior of the
response respect to different pairs of predictor variables.

B ot 8 o | & bo MBS )

30 c31 c32 C36 c37 C*
Mc1  ump | Lmpq| SurfacePlot cUM2 | PUMI | PU
— - Plot the relationship between two —

85051 0.083844 | 0.98570 _onvinyuous predictors and a fitted | 0-985051 0.983844 | 0,02
84834 0.983629  0.98549( response with a 3-D surface. 0.984834 0.983629  0.98
84875 | 0.983672 | 0.985532 | 0.984602 0.0001376| 0.984320 | 0.984875 0.983672  0.98

64832 0.983583 0985465 0984524 0.0001550 | 0.954217  0.984832 0.883583 0.98

601 | 0.004971 | 0.984531 0.0001589 | 0.984215  0.984846  0.983587 0.9

297 Surface Plot = Y
211 g
714 Response: - 3
563 g
1 Variables:
314 g
g53 {+ Select a pair of variables for a single plot 4
537 X Axis: |x ﬂ g
884 ¥ Axis: |Y ﬂ .9
351 i ) ) g
" Generate plots for all pairs of continuous variables
288 g
{*
1464 9
~
444 g
a7e g
313 Settings... Options... | View Madel... | q
211 g
Help oK | Cancel |
p4G( g
CATT U g
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3D Graph Tools n
L8|l d kel elel|otel| @ Q| 4 Y

The 3D surfaces can be rotated with the 3D Graph Tools toolbar.

33. A double click on each part of the graph (surface, axis, title...) opens the respective edition

window.
r -
i i — L=
 Surface Plot of IMFvs === B
=
Surface Plot of IMF vs Y; X ‘| /
Edit Surface x
1
ol Attributes | wethod | Lights |
i
H Surface Type Surface Patter
€ Surface C Automatic
& Hiretame: @ custom
p sufscecolons [ |-
5.
Wit
wessm S
it virecoor: |~
= ’/I//,,,I{rlll,,’ |
oo 4
v oo ) Wire size 1 =
s000 ™00 Oy
Help oK Cancel
25688 | 0.0001208
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