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INTRODUCTION:
UNLOCKING
EFFICIENCY WITH
DESIGN OF
EXPERIMENTS IN
JMP

In  today's  competitive
landscape,  industries
r a n g i n g  f r o m
pharmaceuticals  to
manufacturing  are
constantly  seeking
ways  t o  op t im i ze
processes,  reduce
costs,  and  improve
product quality. One of
the  most  powerful
s t a t i s t i c a l

m e t h o d o l o g i e s
available for achieving
these  goa ls  i s  the
Design of Experiments
(DOE).  When  paired
with  a  sophisticated
analytical platform like
JMP,  the  Design  Of
Experiments  Guide
Doe Jmp  becomes an
indispensable resource
f o r  e n g i n e e r s ,
scientists,  and  data
analysts  who  want  to
move beyond trial-and-
error experimentation.
Traditional  approaches
to  experimentation
often involve changing
one  factor  at  a  time
while  keeping  others
c o n s t a n t .  W h i l e
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intuitive, this method is
inefficient,  fails  to
capture  interactions
between  factors,  and
r e q u i r e s  a  l a r g e
n u m b e r  o f
experimental  runs.  A
well-structured  design
of  experiments,  by
contrast, allows you to
systematically  vary
m u l t i p l e  f a c t o r s
s i m u l t a n e o u s l y ,
extracting  maximum
information  from  a
minimal  number  of
trials.  JMP,  developed
by  SAS  I ns t i t u te ,
provides a user-friendly
y e t  p o w e r f u l
e n v i r o n m e n t  f o r
planning,  executing,
and analyzing designed
experiments.  This
art ic le  serves  as  a
comprehensive  guide
to  understanding  how
to  leverage  JMP  for
DOE, from foundational
concepts  to  advanced
applications.

WHAT IS DESIGN
OF EXPERIMENTS
(DOE)?

At  its  core,  Design  of
E x p e r i m e n t s  i s  a
statistical  framework
f o r  p l a n n i n g
experiments  so  that
the data collected can
be  analyzed  to  yield
valid  and  objective
conclusions.  DOE  is
used to determine the
relationship  between
f a c t o r s  ( i n p u t
v a r i a b l e s )  a n d
responses  (output
v a r i a b l e s ) .  B y
d e l i b e r a t e l y
introducing changes to
the  factors,  you  can
identify  which  inputs
h a v e  t h e  m o s t
significant  impact  on
the  output,  how  they
in te rac t  w i th  one
another,  and  what
sett ings  y ie ld  the
optimal performance.
DOE is  widely  applied
i n  r e s e a r c h  a n d
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development,  quality
improvement,  process
opt imizat ion,  and
product  design.  It  is
particularly  valuable
when  you  need  to:

Identify critical
process
parameters that
affect product
quality.
Develop robust
processes that
perform well
under varying
conditions.
Reduce
variability and
improve
consistency.
Optimize
multiple
responses
simultaneously.
Accelerate
discovery and
shorten
development
timelines.

Without  a  structured
design,  experimenters

risk  drawing  incorrect
conclusions,  wasting
resources, and missing
critical  interactions.
T h i s  i s  w h e r e  a
dedicated  Design  Of
Experiments  Guide
Doe  Jmp  becomes
e s s e n t i a l  f o r
practitioners who want
to  app ly  r igo rous
statistical  thinking  to
their  experimental
work.

WHY CHOOSE JMP
FOR DESIGN OF
EXPERIMENTS?

J M P  i s  a  l e a d i n g
statistical  software
platform that excels in
exp lo ra to ry  da ta
a n a l y s i s  a n d
experimental  design.
Its  interactive,  visual
approach  makes  it
accessible  to  users
with  varying  levels  of
statistical  expertise
while  still  offering
depth  for  advanced
practitioners.  Several
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features  make  JMP  a
standout  choice  for
DOE:

Intuitive
Interface
and
Guided
Workflow
s
JMP provides a step-by-
step  inter face  for
creating  experimental
designs.  Instead  of
memorizing  complex
formulas,  users  can
se lect  the  type  o f
design  they  need,
specify  factors  and
responses, and let JMP
generate a randomized
run order. The software
also  offers  diagnostic
tools  to  evaluate  the

quality  of  a  design
before  any  data  is
collected.

Compreh
ensive
Design
Library
JMP  supports  a  wide
range of design types,
including  factorial
designs,  response
s u r f a c e  d e s i g n s ,
m ix tu re  des igns ,
optimal  designs,  and
split-plot  designs.  This
versatility  means  you
c a n  m a t c h  t h e
experimental  plan  to
t h e  p r a c t i c a l
constraints  of  your
situation.

Integrate
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d
Analysis
and
Visualizat

ion
Once data is collected,
JMP  provides  powerful
analysis tools that are
seamlessly  integrated
with the design phase.
You  can  fit  models,
generate  prediction
profilers,  create
contour  plots,  and
perform  sensitivity
analyses all within the
same  environment.
T h i s  i n t e g r a t i o n
reduces  the  friction
between planning  and
interpretation.

Custom
Design
Capability
R e a l - w o r l d
experiments  often
have  constraints  such
as  budget  limitations,
time  restrictions,  or
physical  limitations  on
factor  settings.  JMP's
custom designer allows
you  to  create  optimal
designs tailored to your
specific  needs,  making
i t  one  o f  the  most
flexible tools available.

KEY CONCEPTS IN
DOE YOU NEED TO
KNOW

Before  diving  into  the
practical steps of using
JMP,  it  is  helpful  to
u n d e r s t a n d  t h e
fundamental  concepts
that  underpin  any
design of experiments.
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These  ideas  form  the
language you will  use
when  working  with
JMP's DOE platform.

Factors
and
Response
s
A factor  is  any  input
variable  that  you  can
control  and  that  you
suspect  may  influence
the  outcome  of  your
experiment.  Factors
can  be  categorical
(e.g., type of material)
or  continuous  (e.g.,
t e m p e r a t u r e ) .  A
response is the output
variable  you  measure
to  assess  the  effect  of
the  factors.  Every
experiment  begins  by
clearly  defining  the
factors  and  responses.

Main
Effects
and
Interactio
ns
A  main  effect  is  the
individual  effect  of  a
factor on the response,
averaged  across  the
levels of other factors.
An interaction occurs
when  the  effect  of  one
factor depends on the
level of another factor.
Detecting  interactions
is  one  of  the  primary
advantages  of  DOE
over  one-factor-at-a-
time experiments.  JMP
excels  at  visualizing
and  quantifying  these
interactions.
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Randomiz
ation and
Replicatio

n
Randomization refers
t o  r u n n i n g  t h e
experimental trials in a
random order to avoid
bias from uncontrolled
variables.  Replication
involves  running  the
same  combination  of
factor settings multiple
t imes  to  est imate
experimental  error.
Both  are  critical  for
v a l i d  s t a t i s t i c a l
inference,  and  JMP
a u t o m a t i c a l l y
i n c o r p o r a t e s
randomization into the
designs it generates.

Design
Resolutio
n
Resolution  describes
the  degree  to  which
main  effects  and
i n t e r a c t i o n s  a r e
c o n f o u n d e d  ( o r
al iased)  with  each
o t h e r .  H i g h e r -
resolution  designs
p r o v i d e  c l e a r e r
information but require
more runs.  JMP allows
you to choose designs
w i th  app rop r i a te
resolution  based  on
your  priorities.

TYPES OF DESIGNS
AVAILABLE IN JMP

JMP  offers  a  rich
c a t a l o g  o f
experimental  designs.
Understanding  which
one to use is a key part
o f  any  Design  Of
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Experiments  Guide
Doe Jmp. Here are the
most  commonly  used
types:

Full
Factorial
Designs
I n  a  fu l l  f ac to r i a l
design,  every  possible
combination  of  factor
levels  is  tested.  This
provides  complete
information  about  all
main  effects  and
interactions.  However,
the  number  of  runs
grows  exponentially
with  the  number  of
factors ,  making  i t
impractical  for  large
exper iments .  JMP
makes it easy to create
a n d  a n a l y z e  f u l l
factorial  designs when
the number  of  factors
is manageable.

Fractional
Factorial
Designs
When you have many
factors  but  l imited
resources,  a  fractional
factorial  design  tests
only  a  subset  of  the
combinations.  These
designs are efficient for
screening many factors
to  identify  the  most
important  ones.  JMP
offers  several  fractions
and  clearly  indicates
which  effects  are
a l iased  wi th  each
other.

Response
Surface
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Designs
A f t e r  y o u  h a v e
identified  the  key
factors ,  response
surface  designs  help
y o u  o p t i m i z e  t h e
response  by  fitting  a
quadra t i c  mode l .
D e s i g n s  s u c h  a s
Central  Composite
Design (CCD) and Box-
Behnken are  available
in JMP and are widely
used  in  formulation
a n d  p r o c e s s
optimization.

Optimal
Designs
Optimal  designs  are
custom-built  to  satisfy
specific  criteria,  such
as  min imiz ing  the
var iance  of  model
coefficients  (D-optimal)
or improving prediction
precision  (I-optimal).
JMP's Custom Designer

allows  you  to  specify
factor  ranges,  model
terms, and the number
of  runs,  and  i t  wi l l
generate  an  optimal
design tailored to your
requirements.

Mixture
Designs
When  the  factors  are
c o m p o n e n t s  o f  a
mixture and the sum of
their  proportions  is
fixed  (e.g.,  100%),
mixture  designs  are
app rop r i a te .  JMP
suppor ts  s imp lex
lattice  and  simplex
centroid  designs,  as
well as optimal mixture
designs.

Split-Plot
Designs
Some  experiments
involve factors that are
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hard  or  expensive  to
change.  Spl i t -plot
designs  account  for
th i s  s t ruc tu re  by
grouping  trials  into
w h o l e  p l o t s  a n d
subplots.  JMP provides
specialized support for
these  designs,  which
a r e  c o m m o n  i n
i n d u s t r i a l  a n d
agricultural settings.

STEP-BY-STEP
GUIDE TO USING
JMP FOR DOE

Now  that  we  have
c o v e r e d  t h e
background,  let  us
w a l k  t h r o u g h  a
practical workflow. This
step-by-step  Design
Of  Exper iments
Guide  Doe  Jmp  will
show you how to move
from problem definition
to actionable insights.

Step 1:
Define
the
Objective
Clearly state what you
want  to  achieve.  Are
you  screen ing  for
important  factors? Are
y o u  o p t i m i z i n g  a
response? Do you need
to  make  a  process
robust  to  variation?
The objective will guide
your  choice  of  design
type.

Step 2:
Identify
Factors
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and
Response

s
List  all  factors  that
could  affect  the
response. Include both
c o n t i n u o u s  a n d
categorical  variables.
Define  the  range  or
levels  for  each factor.
For  the  response,
ensure  you  have  a
reliable  measurement
method. JMP allows you
t o  e n t e r  t h i s
information  directly
into  the  DOE  dialog.

Step 3:
Select
and

Generate
the
Design
In  JMP,  navigate  to
DOE  >  Classical  or
D O E  >  C u s t o m
Design.  Choose  the
design  that  matches
your  objective.  Enter
y o u r  f a c t o r s  a n d
responses, and specify
any  constraints.  JMP
will  generate a design
t a b l e  w i t h  a
randomized  run  order
and  space  to  record
your results.

Step 4:
Evaluate
the
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Design
Before  running  the
experiment,  use  JMP's
diagnostic  tools  to
evaluate  the  design.
Check  for  aliasing,
assess  the  power  of
the  design  to  detect
effects,  and  ensure
that  the  number  of
runs  is  adequate.  JMP
provides  color-coded
alerts  and  detailed
reports  to  help  you
m a k e  i n f o r m e d
decisions.

Step 5:
Conduct
the
Experime

nt
Follow the run order in
the  des ign  tab le .
Record your responses
accurately.  If  practical
const ra in ts  fo rce
changes  to  the  plan,
document  them.  JMP's
design  table  can  be
updated  to  reflect
deviations.

Step 6:
Analyze
the
Results
Use  JMP's  Analyze  >
Fit Model platform to
fit a statistical model to
y o u r  d a t a .  T h e
software  will  generate
est imates  of  main
effects  and
interactions, along with
analysis  of  variance
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(ANOVA)  tables  and
diagnostic  plots.  JMP's
interactive  profiler
allows  you  to  explore
the model visually.

Step 7:
Interpret
and
Validate
Examine the results to
identify  significant
f a c t o r s  a n d
interactions.  Use  the
prediction  profiler  to
find  optimal  factor
sett ings.  Conduct
confirmation  runs  to
validate  the  model
predict ions.  JMP's
graphical tools make it
easy  to  communicate
findings  to
stakeholders.

BEST PRACTICES

FOR SUCCESSFUL
DOE WITH JMP

To get the most out of
your  DOE  efforts,  keep
these best practices in
mind:

Invest time in
planning: The
quality of your
design
determines the
quality of your
conclusions.
Work with
subject matter
experts to
identify the right
factors and
ranges.
Keep it simple:
Start with
screening
designs to
reduce the
number of
factors before
moving to
optimization.
Avoid
unnecessary
complexity.
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Use blocking
wisely: If there
are sources of
variation you
cannot control
(such as different
batches of raw
material), use
blocking to
account for
them. JMP
supports blocked
designs.
Always
randomize:
Unless there is a
compelling
reason not to,
randomize the
run order to
avoid
confounding
effects with time
trends.
Check
assumptions:
After fitting a
model, examine
residuals for
normality,
constant
variance, and

independence.
JMP provides
diagnostic plots
for all of these.
Document
everything:
Keep a record of
your design, the
actual run order,
any deviations,
and your
analysis. Good
documentation
supports
reproducibility
and regulatory
compliance.

REAL-WORLD
APPLICATIONS OF
DOE WITH JMP

The versatility  of  DOE
means it is used across
countless industries. In
p h a r m a c e u t i c a l
development,  DOE
h e l p s  o p t i m i z e
f o r m u l a t i o n  a n d
m a n u f a c t u r i n g
processes,  supporting
Qual i ty  by  Des ign
(QbD)  initiatives.  In
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consumer  goods,  it  is
u s e d  t o  b a l a n c e
product  attributes  like
taste,  texture,  and
shelf life. In automotive
a n d  a e r o s p a c e
engineering,  DOE aids
in  optimizing  material
p r o p e r t i e s  a n d
assembly processes. In
the  chemical  industry,
response  sur face
designs  are  routinely
used to maximize yield
a n d  m i n i m i z e
impurities. JMP's visual
and  interactive  nature
makes  it  particularly
w e l l - s u i t e d  f o r
collaborative,  cross-
functional  teams.

COMMON PITFALLS
TO AVOID

Even  with  a  powerful
tool like JMP, mistakes
can happen.  Here  are
some pitfalls  to watch
for:

Choosing too
narrow a factor
range: If you do
not explore a
wide enough
range, you may
miss the region
where the
optimum lies.
Ignoring
interactions:
Assuming that
factors act
independently
can lead to
suboptimal
results. Always
check for
interactions,
especially in
screening
designs.
Overfitting the
model: Including
too many terms
in the model can
lead to
predictions that
do


