Introduction to Design of
Experiments (DoE):
work smarter, work cheaper
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What is an experimental domain

/ Factors \
[Insulin]
Temperature
[SIRNA]
FBS batch
Cell type Time
Bacteria sp.

\_

/

Experimental domain

Confounding
factors

4 Experimental unit

e 1 group of SD Rat
* 3 wells of differentiated HepaRG

o

* 1 petri dish containing Salmonella colonies

~

Responses \

Bacterial growth
Glucose curve nadir
PPARa gene expression
Cell viability

/

/




Classic approach : One factor at a time

... = +/- chosen arbitrarily
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A. Dose-response to [Glucose], [Insulin] fixed at |, .,

8 measures

A : Viability is optimal at G, in initial [Insulin] condition (Im)
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Classic approach : One factor at a time

... = +/- chosen arbitrarily G,ax = Chosen with A
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A. Dose-response to [Glucose], [Insulin] fixed at |, ., B. Dose-response to [Insulin], [Glucose] fixed at G, .,
8 measures 8 measures

A : Viability is optimal at G, _, in initial [Insulin] condition (Im)

B : When we change [Insulin] at G, _,, viability is not optimal at . .

= Is the new optimum (G, _,, |....,) really the optimal condition?



Caveats of “one factor at a time” approach

Experiment B
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Cartoon surface response of cell viability



Caveats of “one factor at a time” approach

100

Cell viability

%

[Insulin]

Experiment B

(Gmaxl Im

Local experimental

) True optimal concentrations
optimum

16 measures but we totally missed it
because of the design

Initial experimenta

(Gmax' Iinit). optimum

Experiment A

[Glucose]

Cartoon surface response of cell viability



Caveats of “one factor at a time” approach

Experiment B

How to get less fooled by
the experlmental de5|gn?

optimum
Experimen tA
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Cartoon surface response of cell viability




Design of experiments interest:
Yates pan balance




Yates pan balance: a classic example

. o A

What is the weight of A, B, and C?
Which is the heaviest?

Precision must be very low (error=+/-1g) 1 1
Left pan Right pan
Empty balance does not show 0 g

0 = not on balance

Budget : 800 € (100 €/measure)



Yates pan balance : 1% strategy “kitchen”

15t strategy : only one measure per object, one object at a time (n=1)

- - 1g

1

2 A 38
3 - B 4g
4 C 10g



R

—

M,=Y1
My +M,=Y2
My + Mg =Y3

My + M. =Y4

My=3-1=2g
Mg=4-1=3¢g
M=10-1=9g




v Jo-ael Al o [ c_ -

V(X-Y) = V(X) + V(Y) = 2 * cov(X,Y)

V(aX-b) = a% * V(X)

-

38 _

—

V(M,) = V(Y1) = 62

M, = Y1
Mg+ M, = Y2 My=3-1=2g
Mg+ Mg = Y3 Mp=4-1=3¢g

M=10-1=9¢g
M, + M, = Y4

V(M,) = V(Y1) + V(Y2) = 202

Very inaccurate measure, price =400 €



Can we be more accurate?

Measure more times!



Yates pan balance: 2"9 strategy “do more”

2"d strategy : two measures per object, one object at a time (n=2)

A
B

1
2
3
4 - C
1
2
3
4

A



Yates pan balance: 2"9 strategy “do more”

| N° [o=cte| A | B | C - . YL+ yy

1 1 0 0 0 o™ 2

2 1 1 0 0 Y2 +Y2' My=3-1=2g
Mo+ My =——— EEEp|M=41=3¢g

3 1 0 1 0 < Mo 10129

4 . 0 0 . lg Y3+ Y3 c” ~ 76
M0+MB= 2

1 1 0 0 0 38 ,

2 1 1 0 0 48 MO+MC=Y4+Y4

3 1 0 1 0 10g - 2

4 1 0 0 1



Yates pan balance: 2"9 strategy “do more”

"W lo-ae| A | 8 | c C e
1 0 0 0 o7 2
1 1 0 0 Y2 +Y2'
Mo‘l‘MA:
1 0 1 0 B 2
1 Y3+Y3
1 0 0 1 g My + My = —
1 0 0 0 38 ,
1 1 0 0 4g MO+MC=Y4+Y4
1 0 1 0 10g - 2
1 0 0 1

V(X-Y) = V(X) + V(Y) = 2 * cov(X)Y)

1
2
3
4
1’
2
3
4

) | V.-
i

) V() = LT, g V(M) =

V(aX-b) = a% * V(X)

V(Y2)+V(Y2 )

+ V(My)= 0

Less inaccurate measure, price = 800 €




Yates pan balance: 2"9 strategy “do more”

W EE =S
numbers

V(M,)

Price 400 € 800 € 1600 € 3200 €

Weighing error evolution
12

10

8
6

Wei ght (g)

jﬁﬁ i PWI

On=1 On=2 On=4 Bn=8




Can we do the same for cheaper?

Measure smarter!



Yates pan balance: 3™ strategy “Smart”

3'd strategy : Measure each object 2 times by pairs, (“n”=2)

- - Yl

1

2 A+B Y2
3 - A+C Y3
4 B+C Y4



Yates pan balance: 3™ strategy “Smart”

1
2
3
4

O e = Y ==

© »r = O

-, O +—»r O

(@]

= = O O

lg
68
12 g
13 g

My=Y1
Mg+ M, +Mg=Y2
Mg+ M, +M-.=Y3

Mo+ Mg + M =Y4

M= (Y24Y3-Y4-Y1)/2=2¢g
Mg= (Y2+Y4-Y3-Y1)/2 =3 ¢g
M= (Y4+Y3-Y2-Y1)/2=9¢g




Yates pan balance: 3™ strategy “Smart”

O e = Y ==
© r »r O
-~ O = O

1
2
3
4

V(X-Y) = V(X) + V(Y) = 2 * cov(X)Y)

V(aX-b) = a% * V(X)

(@]

= = O O

lg
68
12 g

13 g

V(M) =V(Y1) = o?

M,=Y1

Mg+ M, +Mg=Y2
Mg+ M, +M-.=Y3
Mo+ Mg + M =Y4

M= (Y2+Y3-Y4-Y1)/2=2¢g
Mg= (Y2+Y4-Y3-Y1)/2 =3 ¢g
M= (Y4+Y3-Y2-Y1)/2=9¢g

V(My) =

V(Y2)+V(Y3)+V(Y4) +V(Y1)= e

22

As inaccurate as before, price =400 €



Can we be more accurate AND
cheaper?

Measure smarter-er!



Yates pan balance : 4t strategy “smarter”

Ath strategy : Measure each object 4 times in 3-tuples (“n” = 4)

1 A+B+C

2 A B+C Y2
3 B A+C Y3
4 C A+B Y4



Yates pan balance : 4t strategy “smarter”

v To-ce| A | b | c i

My-M,-M,-M.=Y1
1 1 -1 -1 -1 -13 g 0 A B TTC My= (Y1+Y2+Y3+Y4)/4=1¢g
2 1 -1 1 1 11g | My-My+Mg+Mc=Y2 M,= (-Y1-Y2+Y3+Y4)/4=2 g
M= (-Y1+Y2-Y3+Y4)/4 =3
3 : ! B 1 og Mo + M, - Mg + M, = Y3 o= | /4=3¢
4 1 1 1 -1

M= (-Y1+Y2+Y3-Y4)/4 =9 g

38 M, + M, + M, - M, = Y4



Yates pan balance : 4t strategy “smarter”

v lo-cel A | o | i

1 1 1 1 -1 138 Mo = My = Mg = Mc = Y1 Mo= (Y1+Y2+Y3+Y4)/4=1¢g
2 1 1 1 1 11g | Mg-M,+ Mg+ Mg = Y2 M,= (-Y1-Y2+Y3+Y4)/4=2 g
Mg= (-Y1+Y2-Y3+Y4)/4 =3¢

3 1 1 -1 1 i _ B
. ; ; 1 1 o8 Mo+ My -Mg +Mc=V3 M= (-Y1+Y2+Y3-Y4)/4 =9 g
38 — Mg+ M, + Mg - M= Y4
V(X-Y) = V(X) + V(Y) = 2 * cov(X,Y)
_ V(r1)+v(y2)+V(¥Y3)+V(Y4) _ V(Y2)+V(Y3)+V(Y4)+V (Y1)
V(aX-b) = a2 * V(X) ‘ V(M) = 27 = o7/4 V(My) = 7 = 0%/4

Least inaccurate measure, price =400 €



Yates pan balance: 2"9 strategy “do more”

Measures ~ ~ 4th strategy:
mm D 4 (“n"=4)

V(M,) 2 02 02 0%2 c¥/4 o%/4
Price 400 € 800 € 1600 € 3200 € 400 €

Weighing error evolution

[Eny
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What if | think my factors interact
with each other or | have a lot of
factors?



How to choose your DoE?

Assessable Number of usages
Number of Factors in cited studies’

DOE Approaches

12

Plackett-Burman design

4

Resolution IlI
Fractional factorial design

Definitive screening design

Mixed levels
Orthogonal array design

Mixture design

16

Resolution IV
Fractional factorial design

Fixed levels
Orthogonal array design

Resolution V
Fractional factorial design

34

Response surface method

37

Full factorial design

Pros (§4) and Cons (X) Purpose

2 Over 40 factors assessable
X Strongly disturbed by interactions

2 Over 20 factors assessable
X Strongly disturbed by interactions

Main, interaction, and quadratic effects assessable
X Disturbed by the number of active factors

For screening
2 Over 10 factors assessable with 3 levels

X Interactions NOT assessable

Specialized for investigating "proportion”
X NOT assessable other than “proportion”

Large main effects assessable
X Disturbed by Interactions

For optimization
4 Main and interaction effects assessable

X Limited number of assessable factors

2 Almost similar result to full factorial design
¥ Limited number of assessable factors

¥4 Factors with 3 or 5 levels assessable
¥ Limited number of assessable factors

¥ “Golden standard” approach
X Inefficient

Clever experimental designs: shortcuts for better iPSC differentiation, Ryota Yasui et al., Cells, 2021

https://doi.org/10.3390/

cells10123540



https://doi.org/10.3390/cells10123540
https://doi.org/10.3390/cells10123540
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DEFINITIVE SCREENING IN THE PRESENCE OF SECOND-ORDER EFFECTS
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Optimisation du choix des essais
et de linterprétation des résultats

FIGURE 1. Designs for m = 4 Through m = 12 Factors.

Devenez Black Belt en Lean Six Sigma

UpTra

Interview B. Jones and C. J. Nachtsheim, 2011, Journal of Quality Technology 43(1):1

Jacques Goupy
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https://www.researchgate.net/journal/Journal-of-Quality-Technology-2575-6230

	Diapositive 1 Introduction to Design of Experiments (DoE): work smarter, work cheaper
	Diapositive 2 What is an experimental domain
	Diapositive 3 Classic approach : One factor at a time
	Diapositive 4 Classic approach : One factor at a time
	Diapositive 5 Classic approach : One factor at a time
	Diapositive 6 Classic approach : One factor at a time
	Diapositive 7 Caveats of “one factor at a time” approach
	Diapositive 8 Caveats of “one factor at a time” approach
	Diapositive 9 Caveats of “one factor at a time” approach
	Diapositive 10 Design of experiments interest: Yates pan balance
	Diapositive 11 Yates pan balance: a classic example
	Diapositive 12 Yates pan balance : 1st strategy “kitchen”
	Diapositive 13
	Diapositive 14 Yates pan balance : 1st strategy “kitchen”
	Diapositive 15 Can we be more accurate?  Measure more times!
	Diapositive 16 Yates pan balance: 2nd strategy “do more”
	Diapositive 17 Yates pan balance: 2nd strategy “do more”
	Diapositive 18 Yates pan balance: 2nd strategy “do more”
	Diapositive 19 Yates pan balance: 2nd strategy “do more”
	Diapositive 20 Can we do the same for cheaper?  Measure smarter!
	Diapositive 21 Yates pan balance: 3rd strategy “Smart”
	Diapositive 22 Yates pan balance: 3rd strategy “Smart”
	Diapositive 23 Yates pan balance: 3rd strategy “Smart”
	Diapositive 24 Can we be more accurate AND cheaper?  Measure smarter-er!
	Diapositive 25 Yates pan balance : 4th strategy “smarter” 
	Diapositive 26 Yates pan balance : 4th strategy “smarter” 
	Diapositive 27 Yates pan balance : 4th strategy “smarter” 
	Diapositive 28 Yates pan balance: 2nd strategy “do more”
	Diapositive 29 What if I think my factors interact with each other or I have a lot of factors?
	Diapositive 30 How to choose your DoE?
	Diapositive 31 Resources

