DoE APPROACHED
DIFFERENTLY

MAKING EVERY EXPERIMENT COUNT
IN PILOT PLANTS
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“THINKING IS ONE OF THE MOST IMPORTANT
WEAPONS IN DEALING WITH PROBLEMS”,
NELSON MANDELA (1918-2013)




DESIRE FOR DESIGN OF EXPERIMENTS

Design of Experiments is:

» Structured

» Efficient

Design of Experime
» Analysd

riments desires:

ood preparation
» Good software tool(s]
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EXPERIMENTING IN UNILEVER GLOBAL
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INTRODUCING DoE IN PILOT PLANTS

Challenges:
» 40+ pilot plants, 500+ colleagues
» Statistics is “not their cup of tea”

» Possible lack of knowledge
* Many DoE’s available

* Analysis techniques

* Interpretation of results

Possible solutions:

» Detalled training

» Increase statistical support
» Force the use of Dok

» Simplify the process of applying DoE




SIMPLIFIED PROCESS OF APPLYING DoE IN
PILOT PLANTS

Avoid statistically language:
» About type of DoE
» About analysis techniques

Focus on what information is required &
knowledge they have

Help at every stage of setting up DoE & analysis

Forced decisions:
» Qutput of one design

k » Predefined set of analysis techniques



HELPING HAND: “PLYOS” SOFTWARE TOOL

Plyos tool (globally available within Unilever):
»Runs in JMP

» Collects known information (responses, factors)
» Q&A for additional information (context sensitive]
» Explains every step and communicates decisions

» Checks input and suggests improvements based
on Unilever constraints

» Supplies efficient DoE
» Analyses experimental data
» Helps Iin interpreting statistical results

A



FLOW OF PLYOS

Start
Responses
Factors

Q&A

Decisions & consequences

Set up Designs

Plyos system Exit

Create new or change existing File locations Exit Plyos

Existing Designs

Load data table
Modify Responses

Training & Examples

Plyos Manual

JMP implementation: Octoplus Information Solutions (Pty) Ltd.

Copyright of Plyos System: Unilever 2011 - 2014,
The use of Plyos outside the Unilever Netwaork is prohibited.
The use of Plyos is recorded for development and maintenance purposes.

For issues, questions or remarks please contact:
Peter van Bruggen, Data Sciences, Unilever Research & Development, Viaardingen.

Plyos Version: 1.00.04.01 running locally.

Ready to use design of experiments

Analysis of results




FLOW OF PLYOS

tart

4
Responses B9 Select Response t.. | =

Reponsename [ ] Drer S m—
Hard or st Responie Precsionof method [ <] © Viscosty
) Taste

Replocesoftbyhard [ | Rengeofordinalscale [ | Storage Stability
) Mouthfeel
Mrenangg

Add Response| (Update Response| (Sort Respanses [setect Respons Scan for errors

Finishing

Create/Update Respense information

Created Responses
actors — —
Response  HardSoft softbyhard type Driver of method ~Scale Range

Viscosity Hard Continuous  Consumer interest High c (55 Help Text - MP Pro 5 [ |
aste Soft Ordinal Consumer interest 5 -
Storage Stability Soft Nominal Expected consumer interest

Mouthfeel Soft Stevens Continuous  Consumer interest Medium

Help Information

i this step you are requested to enter the response variable (the quality parameter to be measured).

n the field ‘Response name’ you can enter the name of the variable

n field *Hard or soft Response’ you define whether this is a hard or a soft measurement, a hard measurement is an

instrumental or chemical/physical measurement, a soft measurement often is a subjective score by a panel (member)
n field ‘Replace soft by Hard' you can indicate whether a soft measurement can be replaced by a hard measurement,
.q. perceived thickness by viscosity or Stevens. I this is not the case leave this field blank. Otherwise name the

replacement response here and fill out the other fields (Measurement type’ etc) regarding this new response

evaluations done

ecisions & consequences
eady to use design of experiments

nalysis of results




FLOW OF PLYOS

Start

59 Help Text - IMP Pro =6 %

Responses P —

Do you expect that factors may interact, i.e. have a synergistic or antagonistic effect? This means that the difference in
the response variable caused by one factor depends on the level of another factor.
If this is expected select ‘Yes',

Factors .

ct: ENEIS
Q&A -
Plyos System Questions - Question:21
Do interactions? @ Yes
@ No

Decisions & consequences
Ready to use design of experiments

Analysis of results




FLOW OF PLYOS

tart

[} Plyos$Proj ENBIS 145Trial_Example$CustomDesign - IMP Pro =8 &
File Edit Tables Rows Cols DOE Analyze Graph Tools Ins  View  Win Help Plyos
AREd| | @ B (e pimgge R B H B Fha =
| = Piyossproj_ENBIST... | 4 = Processing Storage Storage.
DF= w =) IngredientA | IngredientB | MixerType | Mixing speed speed Viscosity Taste#1 Taste#2 | Stability#1 | Stability#2 | Stevens
Response  Viscosity 1 10 20 Mixer P 10000 High . B . B
=) Analyse Viscosity 2 5 30 MixerP 10000 High . . . .
@CfﬂtswﬂﬂesmﬂH 3 10 30 MixerP 10000 High . . . .
) Analyse Other Respo 4 5 30 Mixer P 10000 Slow . - . -
5 10 30 Mixer P 15000 High . B . B
=lCniunos [ED) 6 5 20 Mixer P 15000 Slow . . . .
:i:g::i::'g: 7 3 20 Mixer P 10000 Slow . . . .
8 5 20 Mixer P 10000 High . - . -
Mixer Type 3k
4 Miing speed 9 10 20 Mixer P 15000 High . B . B
4 Processing speed 10 5 30 Mixer P 15000 High -
A Viscosity 1 5 30 Mixer P 15000 Slow 89 Assistance with design - JMP Pro ==
A Taste#1 3 12 10 30 Mixer P 10000 Slow
Taste#2 % 13 5 20 Mixer P 15000 High
th storage Stability=1 % ! 10 20 Mixer P 15000 Slow
ik Storage Stability#2 3% 15 10 30 Mixer Q 10000 High Help Information
Btk 16 5 30 Mixer 10000 Slow This is a modelling design for 5 factors.
17 5 30 MixerQ 10000 High You have not provided an external estimate for the error. The design uses 24 runs. As you have indicated that interactions may
s 5 20 MierQ 15000 | Siow exist. the design offers the possibilty to test for interactions.
1 I 30 MixerQ 15000 Slow The p-value for statistical analysis is usually set to 0.05, but factors with p-values slightly above might still be interesting for
= 5 B MoerQ 10000 High further investigation.
(= Rows 2 10 20 Mixer Q 15000 High
:!I;zt";: 18 2 10 20 MixerQ 10000 Slow If you have indicated factor(s) being ‘Hard'to change than the design has been randomised using blacks of the hard to change
e . 3 5 30 MixerQ 15000 High factor(s). Only at this moment you are allowed to interchange the ordier of these biocks. This could be done by changing the
b o 1 5 20 MixerQ 10000 Slow order of the (Hard to change’) factors and/or their levels at input of the factors (you need to restart Plyos and redo this design
Labelled 0 to do s0)
‘Within the blocks the order is random. This order should remain.
—{ | In all other cases the order of the runs is randomised.
evaluations done

You should execute the runs in the given order. Enter the measured response and save the data.
Chose the red triangle next to “Analyse .. and select "Run Script” to start the statistical analysis of your response data.

With "Create Other Responses® you can create columns for the remainder of the responses that has been filled previously.

. .
e C I S I O I l S & C O I I S e q l I e I l < e S With "Analyse Other Responses" these columns can be analysed after data has been filled.

[& O~
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% Jouma Help Screen - IMP Pro

5 Plyos Analyss Viscosity - JMP Pra [B=ET—)
4 Plyos Analysis Viscosity

[eumst | [Close Repor]|
4 Plyos Analysis Viscosity - Result

4/~ Response Viscosity
< Actual by Predicted Plot
6000

Vircasity Actual

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Viscosity Predicted P-0.0214 RSq=1.00
RMSES1031

4 summary of Fit

3664
Observations {or Sum Wats) 12
4 Analysis of Varlance
Sum of

Source  DF Squmes MeanSquare  FRatio
Model 5 15088145 16T64EL 460444

Errer ) 3410 Prob> F
Clotl 11 15160964 00214

b Parameter Estimates
b Effect Tests
Residual by Predicted Plot

B

Viscosity Residul

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Viscosity Predicted

4 Residual by Row Plot

Rsidual

4 Please Note: Type of Response (M)

” Manual
4 Assumptions

Depending on the design the respanse data is analysed using several staistical techniques, For the
larger part of these techniques the following assumptions are applied:

1. The resut of the analysis is based upon normality of the data. Examples of non-normal data could
be viscosity, micro biological growth and, somtimes, concentrations. Normality in this context means
that the residuals of the response, i. the difference between the value predicted by the stafistical
madel and the observed value, follow a normal distribution.

2. Exqualty of variance (homescedasticty is assumed.

3. The effects of the main factors and interactions are expected to be linear (except when testing for
non-linearity).

4. is assumed that effects of main factors in screening designs are much larger than their
confounding imteradtion effects (Le. it is assumed that interactions do not exist). The same goes far
2-factor interactions and their confounding higher order interaction effects in ather designs. If this
assumption is invaiid it may lead to missing importan factors.

5. Outiers are assumed to be absent. Oulliers may resull in unexpected resuls of facters.
Non-significant efects may become signdicant when outers are removed or signdicant effects
disappear when outliers are removed. But removal of suspected outlers is not recommended uless a
clear cause for the deviating resut can be found.

& There are no missing values

With respect to assumption 3 it should be emphasized that a nor-linear Behaviour may result in
erronecus conclusions when linear effects are tested only. The same holds for assumption 4: The
presence of interactions may lead to erroneous resuls if mteractions are not induded in the model.

# Actual by Predicted Plot

The Actual by Predlicted Plot gives a graphical impression af the fit of the madel, The closer the points
on the plot e o the straight ine the better the fit of the model is. ¥ the scatter of paints about the
straight line display a patiern, ene or mare assumptions underlying the analysis may be vielated.

m

In the plot on the horizontal axis the predicted

responss is plotted against the observed o

” actual response on the vertical axs.In this

example the data are relatively dose to the

straight ine. This would be an indication for a

good fit of the model. The red doted fines

2 indicate the confidence interval of the modl

» prediction. T part of the blue line falls outside
the red dotted ines (as in this example) this

@ % 8 T8 N0 0 uieaes that the model is statistically

Percent Reacted Predicted

sigrificant,
P0001 RSq=0.98 RMSE=35773

Pacent
Reacted Actual
£ 83 328

0 the text below the plot the probabilfy of the madel not being due to chance slone s given. &
number close to 1 means that a high probability exists that the madel is due to chance alone, ie. a
real model that explains the effect of the factors on the response does not exst. If the P-value is small
the madelis more likely 1o exist, The RSq (R-Squared) is an indhcator of the fit of the model The
passible outcomes lie between O and 1. the atter indicating a perfect it Fnally. the RMSE is equivalent
to the residual standard error, i.e. the vaniability of the residuals.

4 Summary of Fit
The Sumenary of Fit table presents the infarmation an the fit of the complete model as well as the
residual variabilty, ie. the variability remining ater fiting the model.

eady to use design of experiments
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DEVELOPMENT CHALLENGES

Major challenges/problems during development
of Plyos:

» How to assure the correct design as output?
» How to create the design?
» How to present the right help at the right stage?

Some minor challenges:

» JMP language Issues

» JMP default setting issues
» JMP version issues

A



DEVELOPMENT:
HOW TO ASSURE THE CORRECT DESIGN

Problem:
» What design would be needed?
» Could we describe the constraints?

Decision:

» Driven by expert knowledge we defined over 280
different situations with specific demands.

Solution:
» Creation of a table with demands/constraints

k per design (the “Backbone”).



DEVELOPMENT:
HOW TO CREATE THE DESIGN

Problem:
» Use of classical designs (no Custom Design).
» Not showing the JMP DoE dialogue panels.

Decision:
» Create designs manually.

Solution:
» Use of nested loop procedures.
» Data table with coded designs for other designs.

A



DEVELOPMENT:
RIGHT HELP AT RIGHT STAGE

Problem:

» Help for DoE set up process, the use of the tool,
[forced) decisions by the tool, design data tables
and analysis techniques.

» Easy maintenance.

Decision:
» Store help text in different sources.

Solution:

»Some In scripts, most In data tables, description
of analysis techniques in a journal.




DEVELOPMENT:
MINOR CHALLENGES

JMP language Issues:
» Test on language at start of Plyos.

JMP default setting issues:
» No solution found.
» Warnings in help text.

JMP version Issues:
» Separate subroutines build for JMP9 & JMP11.
» No longer an issue (all uses JMP11].

A



ROLL OUT OF PLYOS

Use of Plyos Is self-explanatory:
» Guided manual
» Additional procedures available

The use of Plyos Is also part of a training:
» Minor background of Dok
» Practising the use of Plyos

» Focus on preparation to set up DokE:
« "Think Hard Before You Start”

A



USER STATISTICS (2012-2014)

Worldwide availability
» 20+ countries

000+ registered users
»~100 “hard core” users

Creation of DoE for 600+ business cases started
In Plyos

» Plyos delivered DoE in ~95% of the cases

» ~5% needed input of a statistician

k Supported by senior management



CONCLUSION

AT

Undlover

Simplification of the DoE process seems to be
successful.

» First time users react positive:

« “...lfound it easy to play with as a beginner even without the manual. The interface is
user-friendly. ... | was clearly guided by the system to reach the final step. ...”
(S.Wang, Chinal.

» Questions we recelve are primarily on design details
not on tool detalls:

« E.g. about differences between continuous, ordinal, nominal or interactions.

Possible lack of attraction to the DoE technique remains
a concern. |t Is improving In time.

“Think Hard Before You Start” approach is beneficial.
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