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Analysis of mixture experimental data with process variables

Yong B. Lim'

Department of Statistics, Ewha Womans University

Purpose: Given the mixture components — process variables experimental data, we propose the strategy to
find the proper combined model.

Methods: Process variables are factors in an experiment that are not mixture components but could affect
the blending properties of the mixture ingredients. For example, the effectiveness of an etching solution
which is measured as an etch rate is not only a function of the proportions of the three acids that are combined
to form the mixture, but also depends on the temperature of the solution and the agitation rate. Efficient
designs for the mixture components — process variables experiments depend on the mixture components
- process variables model which is called a combined model. We often use the product model between the
canonical polynomial model for the mixture and process variables model as a combined model.

Results: First we choose the reasonable starting models among the class of admissible product models and
practical combined models suggested by Lim(2011) based on the model seletion criteria and then, search
for candidate models which are subset models of the starting model by the sequential variables selection
method or all possible regressions procedure.

Conclusion: Good candidate models are screened by the evaluation of model selection criteria and checking
the residual plots for the validity of the model assumption. The strategy to find the proper combined model
is illustrated with examples in this paper.

Key Words : Mixture Components — Process Variables Experiments, Strategy to Find Proper
Combined Model, Model Seletion Criteria
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Fig. 1. lllustration of product design for the flour
blends and process variables
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Table 1. Combind model mixture process fit summary table

Sequential P-vlaue Summary Statistics
Mixture Order Process Order Mix Process adj— R? pred— R?
L L < 0.0001 < 0.0001 0.8250 0.8059
L 2F1 < 0.0001 0.5673 0.8229 0.7919
L Q < 0.0001 < 0.0001 0.8922 0.8608
Q L 0.8755 < 0.0001 0.8145 0.7679
Q 2F1 0.8615 0.6288 0.8102 0.7140
Q Q 0.3633 < 0.0001 0.8952 0.7892
C L 0.7551 < 0.0001 0.8023 0.6847
C 2F1 0.8433 0.7653 0.7899 0.4343
C Q 0.0346 < 0.0001 0.9273 0.7283
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Table 2. Model selection criteria values and relative efficiency for the candidate models in the pool

CaM“Sidiite ““?;E;rs Of | dj—R? | pred—R? | relative eff.1 | relative eff.2 m“t“i'v Zferfefl.a_ o Zferfe;a_
candl 45 0.9272 0.8301 0.9999 0.9445 0.9445 0.9722
cand2 44 0.9262 0.8322 0.9988 0.9469 0.9469 0.9728
cand3 38 0.9255 0.8503 0.9981 0.9675 0.9675 0.9828
cand4 36 0.9273 0.8638 1.0000 0.9828 0.9828 0.9914
candb 22 0.9079 0.8682 0.9791 0.9878 0.9791 0.9835
cand6 11 0.8955 0.8789 0.9657 1.0000 0.9657 0.9829
cand? 17 0.9002 0.8737 0.9708 0.9941 0.9708 0.9824
cand8 16 0.8978 0.8764 0.9682 0.9972 0.9682 0.9827

o} whebs Ade wy o Fiase] HAg) B 29 52 FAATY] &5 24 2] we A g vy
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cand4 %% Huie FAsHAN £94E9] 32 gibe} cand7 Bl tigk 2y HE 7|& FAFEC] <& 3>
NG ARaNe] WAL vyl —ay)z, O RFHO] ATk HRR G, SAF BRI candd
8o gakala Qu). malo] 7o) EWs g o] F35 1L, PRESS ZaHE9] Aujx] 9] & 2
Agole e AR Agae gAUse] 4y S 28 cand? Rl
Table 3. Comparison of the performance of recommended four candidate models
Candidate Model number of terms adj— R* pred— R* e Cp)
cand4 36 0.9273 0.8638 1673.542 38.05
candb 22 0.9079 0.8682 1591.071 42.19
cand6 11 0.8955 0.8789 1544.248 47.55
cand? 17 0.9002 0.8737 1542.276 46.21
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Table 4. combind model mixture process fit summary table

Sequential P-vlaue Summary Statistics
Mixture Order | Process Order Mix Process Lack of fit adj— R? pred— R*
L L 0.0002 < 0.0001 0.6761 0.9362 0.9020
L 2F1 0.0006 0.4021 0.6761 0.9364 0.8814
Q L 0.2618 < 0.0001 0.7706 0.9445 0.8821
Q 2F1 0.3997 0.5333 0.7529 0.9422 -120.3955
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Table 5. Model selection criteria values and relative efficiency for the candidate models in the pool

z

r

C?\I/}gidﬁte nugr)renrs of adj— pred— R* | relative eff.1 | relative eff.2 H;i?i'v(e)f er;efl.— aZZ.VZfeI”fefll_
éﬁ?ﬁ:; 9 09362 | 0.9020 0.9786 0.9708 0.9708 0.9747
candl 13 09567 | 0.9266 1.0000 0.9973 0.9973 0.9987
cand2-1 10 09513 | 0.9259 0.9944 0.9966 0.9944 0.9955
cand2-2 11 09548 | 0.9291 0.9980 1.0000 0.9980 0.9990
cand3 14 0.9489 | 0.9109 0.9918 0.9804 0.9804 0.9861
g1 12 09522 | 0.9214 0.9953 0.9917 0.9917 0.9935
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Table 6. Comparison of the performance of recommended three candidate models

Candidate Model number of terms adj— R? pred— R* Slei il Clp)
candl 13 0.9567 0.9266 139.1437 10.38
cand2-1 10 0.9513 0.9259 142.7619 9.06
cand2-2 11 0.9548 0.9291 139.5284 8.72
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Normal Plot of Residuals

Residuals vs. Predicted
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