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1.   Some	DOE	History	

2.   Screening	and	alias	op&mality	

3.   What	is	a	defini&ve	screening	design	(DSD)?	

4.   Conference	matrix	based	DSDs	(briefly)	

5.   Adding	two-level	categorical	factors	(very	briefly)	

6.   Blocking	schemes	for	DSDs	(very	briefly)	

7.   A	new	method	for	model	selec&on	

Overview	
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Where	have	we	been?	

–  10th	Century:	Rhazes	

–  Hospital	director	in	Baghdad	

–  First	clinical	trial---efficacy	of	

bloodle\ng	on	meningi&s	
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Where	have	we	been?	

•  Avicenna:	Eleventh	century	

•  Seven	rules	for	medical	

experimenta&on,	including	

–  Vary	one	factor	at	a	&me	

–  Need	for	controls	and	replica&on	

–  Use	of	mul&ple	levels	of	a	treatment	

–  Don’t	use	animals	
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Where	have	we	been?	

•  James	Lind,	1753:	 A	Trea&se	on	Scurvy 	

•  First	(published)	one-way	layout	
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From	 A	Trea&se… 	

On the 20th May, 1747, I took twelve patients in the scurvy on board the Salisbury at 
sea. Their cases were as similar as I could have them. They all in general had putrid 
gums, the spots and lassitude, with weakness of their knees.

• Two of these were ordered each a quart of cyder a day… 

• Two others took twenty five gutts of elixir vitriol three times a day upon an empty 

stomach…

• Two others took two spoonfuls of vinegar three times a day upon an empty stomach…

• Two of the worst patients, with the tendons in the ham rigid (a symptom none the rest 
had) were put under a course of sea water… 

• Two others had each two oranges and one lemon given them every day…

• The two remaining patients took the bigness of a nutmeg three times a day…

The consequence was that the most sudden and visible good effects were perceived 
from the use of the oranges and lemons 	
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Where	have	we	been?	

•  Gergonne:	1815	

•  Designs	for	polynomial	regression,		

	response	surface	design	

•  S.	C.	Peirce:		1870s	:	Randomiza&on	

•  K.	Smith,	1918:	Biometrika,	Op&mal	

design	for	polynomial	regression	
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R.	A.	Fisher	put	it	all	together	

Fisher,	1920s:	

•  Randomiza&on	as	mathema&cal	basis	for	analysis	

•  Local	control	and	blocking	

•  Replica&on	

•  Factorial	designs	

•  Split	plot	designs	

•  Confounding	

•  ANOVA	

•  F,	t	distribu&ons,	etc.,	etc.	
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R.	A.	Fisher	put	it	all	together	

R.	A.	Fisher:		

To	many	observers:	Father	of	modern	

sta&s&cs,	greatest	sta&s&cian	of	the	20th	

century		
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R.	A.	Fisher	put	it	all	together	

R.	A.	Fisher:		

To	many	observers:	Father	of	modern	

sta&s&cs,	greatest	sta&s&cian	of	the	20th	

century		

	

According	to	evolu&onary	biologists	Richard	

Dawkins	and	W.	D.	Hamilton,	Fisher	was:	

	“The	greatest	biologist	of	the	20th	Century”	

	



© no duplication without permission 12 

1920s-1950s:	Orthogonality	is	the	driving	principle	

•  Fisher,	Yates:	need	for	ease	of	computa&on,	

independence	of	effects	

•  R.	C.	Bose,	C.R.	Rao,	and	Indian	School:	

Combinatorics,	BIBDs,	PBIBDs	

	

•  Finney,	1945:	Frac&onal	replica&on	

•  Plackem	and	Burman,	1946	
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…culmina&ng	in	the	2k-p	System	



1950s:	Baby	steps	away	from	orthogonality	

Also	Box	and	Lucas,	1959,	Nonlinear	Design	



© no duplication without permission 15 

Gold	Standard	in	industrial	DOE	Since	1960	

Step	1:			

Screen:	Resolu&on	III	or	IV	frac&onal	factorial	

or	Plackem-Burman	designs		

Step	2:	

Find	interac&ons:		Resolu&on	V	frac&onal	

factorial	designs	

Step	3:			

Op&mize:		Central	composite	response	surface	

designs	
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Conclusions	(by	many):		DOE	is	a	dead	field	

•  All	of	the	useful	designs	have	been	catalogued	

•  We’re	now	in	the	age	of	big	data;	design	of	experiments	is	

irrelevant	
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Let’s	take	an	example	from	the	Journal	of	Food	

Science:		

•  Objec&ve	is	to	maximize	

food	solids	obtained	from	

the	process	

•  6	factors	

•  Budget	is	12-16	runs	

	

1	 Water	pH	level	 6.95	 8	

2	 Water	temp	 20C	 60C	

3	 Extrac&on	&me	 15	 40	

4	 Water-Peanuts	Ra&o	 5	 9	

5	 Agita&on	speed	 5,000	 10,000	

6	 Presoaking?	 0	 15	
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Standard	Choice	1:			Frac&onal	Factorial	Design	

•  2
6-2	

frac&onal	factorial	design	in	16	runs	(Resolu&on	IV)	
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Standard	Choice	1:			Frac&onal	Factorial	Design	

•  2
6-2	

frac&onal	factorial	design	in	16	runs	(Resolu&on	IV)	
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Standard	Choice	1:			Frac&onal	Factorial	Design	

•  2
6-2	

frac&onal	factorial	design	in	16	runs	(Resolu&on	IV)	
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JMP	Analysis	
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Standard	Choice	1:	JMP	Analysis	

 All-knowing oracle:  The active effects are: 

MEs:    Agitation Speed, pH, Water Temp, Ratio 

2FIs:    pH*WaterTemp, Ratio*AgitSpeed 

Curvature:   pH2 

✔ 
✔ 
✔ 
✔ 

✖ 

✖ 
✖ 
✖ 
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Standard	Choice	2:	Plackem-Burman	Design	

•  Plackem-Burman	Design	in	12	runs	
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Standard	Choice	2:	Plackem-Burman	Analysis	

•  Plackem-Burman	Design	in	12	runs	
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Standard	Choice	2:	Plackem-Burman	Analysis	

•  Plackem-Burman	Design	in	12	runs	

	

	

	

Design Failure!!!   Nothing is active 
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If	only	there	were	another	design		

with	this	alias	matrix	and	no	2FI	confounding:	
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Turns	out	there	is:	Defini&ve	Screening	Design	

Run	 A	 B	 C	 D	 E	 F	

1	 0	 1	 -1	 -1	 -1	 -1	

2	 0	 -1	 1	 1	 1	 1	

3	 1	 0	 -1	 1	 1	 -1	

4	 -1	 0	 1	 -1	 -1	 1	

5	 -1	 -1	 0	 1	 -1	 -1	

6	 1	 1	 0	 -1	 1	 1	

7	 -1	 1	 1	 0	 1	 -1	

8	 1	 -1	 -1	 0	 -1	 1	

9	 1	 -1	 1	 -1	 0	 -1	

10	 -1	 1	 -1	 1	 0	 1	

11	 1	 1	 1	 1	 -1	 0	

12	 -1	 -1	 -1	 -1	 1	 0	

13 0 0 0 0 0 0 

Six foldover 
pairs 
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Defini&ve	Screening	Design	for	6	factors	

Run	 A	 B	 C	 D	 E	 F	

1	 0	 1	 -1	 -1	 -1	 -1	

2	 0	 -1	 1	 1	 1	 1	

3	 1	 0	 -1	 1	 1	 -1	

4	 -1	 0	 1	 -1	 -1	 1	

5	 -1	 -1	 0	 1	 -1	 -1	

6	 1	 1	 0	 -1	 1	 1	

7	 -1	 1	 1	 0	 1	 -1	

8	 1	 -1	 -1	 0	 -1	 1	

9	 1	 -1	 1	 -1	 0	 -1	

10	 -1	 1	 -1	 1	 0	 1	

11	 1	 1	 1	 1	 -1	 0	

12	 -1	 -1	 -1	 -1	 1	 0	

13 0 0 0 0 0 0 

 
Center point in 

each row 
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Defini&ve	Screening	Design	for	6	factors	

Run	 A	 B	 C	 D	 E	 F	

1	 0	 1	 -1	 -1	 -1	 -1	

2	 0	 -1	 1	 1	 1	 1	

3	 1	 0	 -1	 1	 1	 -1	

4	 -1	 0	 1	 -1	 -1	 1	

5	 -1	 -1	 0	 1	 -1	 -1	

6	 1	 1	 0	 -1	 1	 1	

7	 -1	 1	 1	 0	 1	 -1	

8	 1	 -1	 -1	 0	 -1	 1	

9	 1	 -1	 1	 -1	 0	 -1	

10	 -1	 1	 -1	 1	 0	 1	

11	 1	 1	 1	 1	 -1	 0	

12	 -1	 -1	 -1	 -1	 1	 0	

13 0 0 0 0 0 0 

 
 

 

 

 

 
 

 

One overall 

center point 
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How	did	we	find	this	design?*	

We	used	constrained	op&mal	design:	

•  Minimize	the	average	magnitude	of	the	alias	matrix	entries…	

•  Subject	to	a	constraint	on	the	sta&s&cal	efficiency	of	the	

design	for	es&ma&ng	main	effects	(e.g.,	efficiency	>	90%)	

*Jones, Nachtsheim, Technometrics, 2011 



Now	generalize	this	structure	for	m	factors	

31

Can we find 
great designs 

for any 

number of 

factors? 



© no duplication without permission 32 

32

JOURNAL OF QUALITY TECHNOLOGY , VOL. 43, NO. 1, QICID: 33051, January 2011, pp. 1-15 
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An	mxm	square	matrix	C	with	0	diagonal	and	+1	or	-1	off	diagonal	

elements	such	that:	

	

	

It	turns	out	there	is	a	 Conference	Matrix 	solu&on	

C
T
C = (m −1)I

m×m
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Conference	Matrix	of	Order	6	

C = 
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Here	is	the	amazing	result:	

Form the augmented matrix: 
 

 

 

 

 
 

 

 

…and you get an orthogonal (for main effects) 

definitive screening design! 
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•  Feasible	design	sizes	(n)	are:	

•  Like	Plackem-Burman,	the	

designs	are	available	in	steps	

of	four,	with	the	excep&on	of	

m	=	22.	

Conference	matrix-based	DSDs	do	not	exist	for	n	odd	

m	 n	

6	 13	

8	 17	

10	 21	

12	 25	

14	 29	

16	 33	

18	 37	

20	 41	

NA	 NA	

24	 49	

26	 53	

28	 57	

30	 61	
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Our	View:		What	to	do	if	m	is	odd	

•  DSDs	exist	for	m	odd,	but	not	orthogonal	for	main	effects	

•  For	m	odd:	

1.   Add	one	fake	factor	so	that	m’	=	m	+	1	is	even	

2.   Construct	the	DSD	for	m	+	1	factors	

3.   Now	drop	the	fake	factor	

4.   Result	is	an	orthogonal	m-factor	DSD	with	n	=	2(m	+	1)	+	1	

•  You	obtained	an	orthogonal	design:	price	is	2	extra	runs		

37 
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1.   The	number	of	required	runs	is	only	one	more	than	twice	

the	number	of	factors.	

Design	Proper&es	
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1.   The	number	of	required	runs	is	only	one	more	than	twice	

the	number	of	factors.	

2.   Unlike	resolu&on	III	designs,	main	effects	are	completely	

independent	of	two-factor	interac&ons.			

	

Design	Proper&es	
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40 

1.   The	number	of	required	runs	is	only	one	more	than	twice	

the	number	of	factors.	

2.   Unlike	resolu&on	III	designs,	main	effects	are	completely	

independent	of	two-factor	interac&ons.			

3.   Unlike	resolu&on	IV	designs,	two-factor	interac&ons	are	not	

completely	confounded	with	other	two-factor	interac&ons,	

although	they	may	be	correlated	

	

Design	Proper&es	
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1.   The	number	of	required	runs	is	only	one	more	than	twice	

the	number	of	factors.	

2.   Unlike	resolu&on	III	designs,	main	effects	are	completely	

independent	of	two-factor	interac&ons.			

3.   Unlike	resolu&on	IV	designs,	two-factor	interac&ons	are	not	

completely	confounded	with	other	two-factor	interac&ons,	

although	they	may	be	correlated	

4.   Unlike	resolu&on	III,	IV	and	V	designs	with	added	center	

points,	all	quadra&c	effects	are	es&mable	in	models	

comprised	of	any	number	of	linear	and	quadra&c	main	

effects	terms.	

Design	Proper&es	
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5.   Quadra&c	effects	are	orthogonal	to	main	effects	and	not	

completely	confounded	(though	correlated)	with	

interac&on	effects.	

	

Design	Proper&es	(con&nued)	
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5.   Quadra&c	effects	are	orthogonal	to	main	effects	and	not	

completely	confounded	(though	correlated)	with	

interac&on	effects.	

6.   With	six	through	(at	least)	12	factors,	the	designs	are	

capable	of	es&ma&ng	all	possible	full	quadra&c	models	

involving	three	or	fewer	factors	with	very	high	levels	of	

sta&s&cal	efficiency.	

	

Design	Proper&es	(con&nued)	
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5.   Quadra&c	effects	are	orthogonal	to	main	effects	and	not	

completely	confounded	(though	correlated)	with	

interac&on	effects.	

6.   With	six	through	(at	least)	12	factors,	the	designs	are	

capable	of	es&ma&ng	all	possible	full	quadra&c	models	

involving	three	or	fewer	factors	with	very	high	levels	of	

sta&s&cal	efficiency.	

7.   It	turns	out	that	DSDs	are	superior	to	two	level	designs	for	

sequen&al	experimenta&on,	design	augmenta&on	

	

Design	Proper&es	(con&nued)	
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1.   The	world	is	not	linear!	

2.   We	can	include	current	se\ngs	

in	experiments	where	we	are	

assessing	the	impact	of	

increases	and	decreases	to	the	

current	“best”	se\ngs.	

3.   We	may	be	able	to	screen	and	

op&mize	in	one	fell	swoop.	

	

Screening	at	Three	Levels	has	Dis&nct	Advantages	
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Upshot	–	Defini&ve	Screening	Designs	

1.   My	view:	engineers,	scien&sts	prefer	three	levels.	

2.   Can	es&mate	curvatures	

3.   Can	disentangle	interac&ons	

4.   I	see	limle	or	no	reason	to	con&nue	the	prac&ce	of	using	

2k-p	designs	or	Plackem-Burman	designs	for	four	or	more	

con&nuous	factors.	
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•  SAS/JMP	

•  Minitab	

•  Design	Ease	

•  R	

	

Obtaining	the	Designs	
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Adding	Two-Level	Categorical	Factors	
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Examples:	

•  Two	operators	

•  Two	produc&on	lines	

•  Drug	and	placebo	

•  Two	catalysts	

•  Two	machines	

•  Etc.,	

	 	DSDs,	as	originally	developed,	cannot	handle	these	

Many	design	problems	involve	categorical	factors	
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Two	construc&on	methods*	

1.   DSD-augment	

2.   ORTH-augment	

*Jones	and	Nachtsheim,	2013,	JQT	
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Two	construc&on	methods*	

1.   DSD-augment	

2.   ORTH-augment	

*Jones	and	Nachtsheim,	2013,	JQT	

*Nachtsheim,	Shen,	Lin,	2017,	JQT	expand	this	class	of	designs	
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•  Foldover	structure	of	DSDs	makes	them	incredibly	easy	

construct	orthogonal	incomplete	blocks…	

•  Such	that	the	block	effects	are	orthogonal	to	the	main	

effects	

•  Number	of	incomplete	blocks	can	range	from	2	to	m	

(number	of	factors)	in	varying	block	sizes	

•  Each	block	contains	at	least	one	foldover	pair	and	a	center	

point	

Blocking	Schemes	for	DSDs*	

*Jones and Nachtsheim (2015), Technometrics 
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Example:	Cases	for	m	=	5	or	6	

m												n							B				Blocksizes…	4 12 4 3 3 3 3

62or2(5) 142(13) 2 72(6) 7

62or2(5) 152(14) 3 52(4) 5 5

62or2(5) 162(15) 4 52(4) 5 3 3

62or2(5) 172(16) 5 52(4) 3 3 3 3

62or2(5) 182(17) 6 32(2) 3 3 3 3 3

82or2(7) 182(17) 2 92(8) 9

82or2(7) 192(18) 3 72(6) 7 5

82or2(7) 202(19) 4 52(4) 5 5 5

82or2(7) 212(20) 5 52(4) 5 5 3 3

82or2(7) 222(21) 6 52(4) 5 3 3 3 3

82or2(7) 232(22) 7 52(4) 3 3 3 3 3 3

82or2(7) 242(23) 8 32(2) 3 3 3 3 3 3 3
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Final	topic:	Analyzing	DSDs	
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•  Un&l	recently	we	didn’t	have	any	par&cular	method	for	

analysis	

•  These	are	supersaturated	designs	for	the	full	quadra&c	

model	

•  Need	a	method	for	n	<<	p	

•  Recommenda&on	has	been	Stepwise/AICc	or	even	bemer,	

Dantzig	or	Lasso	(Errore,	et	al,	JQT,	in	press)	

•  We	now	have	a	bemer	recommenda&on	

	

Some	background	
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•  Design	structure	allows	us	to	decompose	the	response	

vector	into	two	orthogonal	components,	Y1	and	Y2	

–  Y1	contains	all	of	the	informa&on	about	main	effects	

–  Y2	contains	contains	all	informa&on	about	second-order	effects	

and	the	intercept	

•  In	first	stage,	iden&fy	ac&ve	main	effects	using	Y1	with	no	

variance	infla&on	from	poten&al	second-order	terms	

•  In	second	stage,	iden&fy	second-order	effects	Y2	

independent	of	first-order	terms	

*	Jones	and	Nachtsheim,	Technometrics,	in	press.	

Effec&ve,	design-based	model	selec&on	for	DSDs*	
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•  We	recommend	use	of	two	“fake	factors”	in	the	design:	

But	first,	background	on	“fake	factors”	

Cost = 4  
additional 

runs 
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•  Model:		

	

	

•  In	matrix	form:		

•  So:	

How	do	fake	factors	help	(besides	power)?	
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•  Since	the	projec&on	operators	sum	to	the	iden&ty,	are	

mutually	orthogonal,	and	βf	=	0,	

	is	an	unbiased	es&mator	of	σ2.	

•  If	we	have	repeat	center	points,	we	can	pool	their	df:	

Now	apply	Cochran’s	Theorem	

and so 
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Miller	and	Simer	(2005,“Using	Folded-Over	Non-orthogonal	

Designs,”	Technometrics)	had	a	key	insight:	

•  With	foldover	designs,	structure	allows	you	to	conduct	

separate	analyses	of	the	“odd	func&on	terms”	and	“even	

func&on	terms”	

–  g	is	an	odd	func&on	if	g(−x)	=	−g(x)	for	all	x	

–  g	is	an	even	func&on	if	g(−x)	=	g(x)	for	all	x	

•  Odd	func&on	terms:	Main	effects,	third-order	effects	etc.	

•  Even	func&on	terms:	Intercept,	second-order	terms,	fourth-

order	terms,	sixth-order	terms,		etc.	

The	odd	and	even	regression	terms	
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Odd	Space:		space	spanned	by	the	odd	func&on	terms	

Even	Space:	space	spanned	by	the	even	func&on	terms	

	

•  The	response	vector	for	analysis	of	odd	(even)	func&on	

terms	is	obtained	by	projec&ng	Y	onto	the	Odd	(Even)	Space	

	

	

The	odd	and	even	spaces	

Odd	Space	Y:	

Even	Space	Y:	
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1.   Iden&fy	ac&ve	main	effects	using	YME	and	the	unbiased	

es&mate	of	σ2.	

2.   If	assuming	strong	heredity,	form	all	possible	second-order	

terms	that	involve	the	ac&ve	main	effects	terms.		If	not,	form	

all	possible	second-order	terms.	

3.   Use	Y2nd	and	a	“best	subsets”	procedure	to	iden&fy	up	to						

(m	+	mf)/2	ac&ve	second-order	terms	

4.   Excep&on:	if	there	are	only	three	or	fewer	ac&ve	main	effects,	

there	is	no	limit	to	the	number	of	ac&ve	second-order	effects	

Model	Selec&on	(Big	Picture)	
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Simple	example:	Y	is	generated	from	a	model	containing	four	

main	effects	and	six	second-order	terms	

	

The	next	page	shows	the	decomposi&on	of	Y	into	YME	and	Y2nd.	

Why	is	the	decomposi&on	effec&ve?	



64 
64 64 
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•  Note	responses	for	each	foldover	pair	sum	to	

zero.	

•  The	response	for	the	center	run	is	zero.	

•  There	are	17	rows	but	only	8	independent	

values	

•  There	are	6	real	factors	but	8	df,	so	there	are					
8	–	6	=	2	df	for	es&ma&ng	σ

2	

Examining	the	ME	response	vector	

65 
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•  Note	responses	for	each	foldover	pair	are	the	same.	

•  The	response	for	the	center	run	is	nonzero.	

•  There	are	17	rows	but	only	9	independent	values	(df)	

•  Once	you	es&mate	the	intercept,	there	are	8	df	le{	

to	es&mate	2nd	order	effects.	

•  Use	the	es&mate	of	σ2	from	the	analysis	of	the	main	

effects	to	guide	subsets	selec&on	from	the	2nd	order	

effects.	

Examining	the	2nd	Order	Effects	Response	

66 
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Using	Y	leads	to	an	inflated	es&mate	of	the	variance	

•  Regress	Y	on	main	effects	(nothing	ac&ve):	

•  Regress	YME	on	main	effects	(3	or	4	terms	ac&ve):	

s	=	5.42	

s	=	0.07	
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Finding	main	effects:		

New	vs	Hierarchical	Net	vs	SW/AICc		
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Simula&on	Comparisons	New	Method	vs.	Stepwise	

Comparison	for	DSD	with	6	

factors	and	17	runs	(i.e.	2	

fake	factors)	

	

Power	for	detec&ng	2FIs	and	

Quadra&c	effects	is	much	

higher	for	the	new	method	

especially	when	fewer	MEs	

are	ac&ve	
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A	Recent	Experiment	at		In’Tech	Industries	
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Problem:		Need	to	laser	etch	labels	on	small	plas&c	

parts	in	an	“op&mal”	fashion			
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Laser	etching	in	progress….	
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Laser	etching	in	progress….	

Laser 
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Ini&al	experience:		From	easy	to	read,		
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Ini&al	results:	……………..	to	not	so	easy	to	read	
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Factors	and	ranges….	

Factors Low*level High*level

Mark*Speed 8 15

Frequency 1 5

Percent*Power 15 55

Repetitions 1 5

Humidity 5% 15%

Blocking*factor*is*operator

Factor*ranges
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•  Stage	1	

•  Stage	2	

•  Full	model	

Analysis	of	the	data	
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Op&mal	Laser	Etch	Se\ngs	

		Speed 	 				Frequency 	 				Power 		
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Op&mal	Etch	
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•  DSDs	are	general	purpose,	three-level	screening	designs	that	
provide	useful	second-order	informa&on	

•  My	bias:	they	are	superior	to	classical	screening	designs	such	

as	PBDs,	Resolu&on	III	and	IV	FF	designs	

•  We	can	now:	

–  Add	categorical	factors	

–  Block	flexibly	

–  Augment	(see	Nachtsheim,	Jones,	Montgomery,	Stu|en)	

–  Analyze	effec&vely		

Conclusions	
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Impact?		First	published	DSD	case	study,	2013	
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Impact?		From	the	conclusions:	

“Definitive-screening designs were used to efficiently 
select a model describing the formulation of a protein 

under clinical development. The ability of the single 

definitive screening design to identify and model all the 

active effects obviated the need for further 

experimentation, reducing the total number of 
experimental runs required to 17 from the greater than 

or equal to 70 runs that would have been necessary 

using the traditional screening/RSM approach.” 
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Doug	Montgomery	on	DSDs		

	

	

				

	

		 	 		 		

	 		 	 		 	 		 		

*2013	Hunter	Conference	 83

The most important development in DOE since  
response surface designs* 
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•  DSDs	are	general	purpose	three-level	screening	designs	that	
provide	useful	second-order	informa&on	

•  My	bias:	they	are	superior	to	classical	screening	designs	such	

as	PBDs,	Resolu&on	III	and	IV	FF	designs	

•  We	can	now:	

–  Add	categorical	factors	

–  Block	flexibly	

–  Augment	

–  Analyze	effec&vely		

Summary	

If	you’re	lucky,	they	

can	be	used	to	

screen	and	op7mize	

in	one	step	
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•  DSDs	are	general	purpose	three-level	screening	designs	that	
provide	useful	second-order	informa&on	

•  My	bias:	they	are	superior	to	classical	screening	designs	such	

as	PBDs,	Resolu&on	III	and	IV	FF	designs	

•  We	can	now:	

–  Add	categorical	factors	

–  Block	flexibly	

–  Augment	

–  Analyze	effec&vely		

Ques&ons?	

If	you’re	lucky,	they	

can	be	used	to	

screen	and	op7mize	

in	one	step	


