
POINTS OF 
INTEREST

See Structure
through graphical visualization

Uncover Relationships
through statistical discovery

Explore Opportunities
through designed experiments
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JMP (pronounced “jump”) is a statisti-
cal visualization and discovery tool that 
graphically displays and analyzes data 
and results. By using graphics, JMP 
lets you discover more, understand 
more, and interact more.

Discover More
JMP helps you discover more with 
graphically-displayed data and analy-
ses, which help you visualize data and 
see how it carries a fit. With graphs, 
you can discover patterns in the data 
and see which points don’t fit the pat-
tern. There may be some phenomena 
in your data that you would never dis-
cover if you had not looked at a graph.

Understand More
With graphically-presented results, the 
statistics themselves become easier 
to understand. This encourages ana-
lyzing data and provides confidence 
to explore. By perceiving data both 
statistically and visually, you can make 
informed judgments. 

Interact More
While analyzing and exploring data, you 
can interact with it using JMP’s point-
and-click responsiveness. Because 
JMP makes it easy to  inter act, you 
explore more. The more you explore, 
the more  discoveries you make.

Built with Your Needs in Mind
JMP is built like an instrument, not a 
language or programming batch. You 
point and click rather than program or 
converse. You are in control. You are 
encouraged to try things rather than 
react to question-and-answer dialogs. 

Some statistical software packages 
are strong in some techniques, such 
as regression, but weak in others, 
such as categorical methods. JMP 
handles all kinds of data in a consis-
tent and unified way. It handles all 
combinations of continuous, ordinal, 
and nominal data. 

For example, JMP treats lack-of-fit in 
regression the same as it does good-
ness-of-fit in categorical models. Most 
regression products don’t do lack-of-
fit tests, and many categorical prod-
ucts don’t test against base models. 
JMP handles both lack-of-fit and tests 
against base models.

Investigation without Frustration
JMP keeps you moving smoothly 
throughout your analysis. Start by 
describing the basic situation, obtain 
a graph and the initial results, and 
then progress to a detailed analysis 
as you lead the investigation naturally. 
Contrast this with the interrupted style 
in older packages, where at every step 
you fight your way through dialogs to 
tell the software what to do. 

JMP is a complete stage for investi-
gating data in an effortless, uninter-
rupted process.

JMP is for the introductory user and 
for the expert. JMP’s unified approach 
to statistical methods and integration 
of statistics with graphics gives its 
operation ease enough for the begin-
ner. It rewards the beginner with analy-
ses that are obtained with ease and 
are readily understood. On the other 
hand, JMP gives experts the depth 
they want, such as

• one-way analyses that continue 
even after classical assumptions 
are left behind

• nonlinear regression and confidence 
intervals that can be trusted

• tools for reliability, Six Sigma, and 
many other industrial applications, 
including capability analysis and a 
large array of control charts that can 
receive data live from a measuring 
instrument

• powerful Design of Experiments 
(DOE) capabilities, including clas-
sical, optimal, and supersaturated 
designs

• k-means, hierarchical, and normal 
mixtures clustering, including self-
organizing maps

• exploratory modeling (sometimes 
known as “data mining”) through 
classification and regression trees, 
and recursive partitioning

• a scripting language that allows 
for automation of repetitive tasks, 
extensions of JMP’s built-in analy-
ses, and creation of instructional 
simulations
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table, all the points in your previously-
made plots and histograms assume 
these characteristics too, so you can 
easily notice any patterns.

Summary Tables
Summary tables are linked to their par-
ent table, so clicking in the summary 
table highlights associated rows in the 
parent table.

Manipulating Histograms
In analysis reports and histograms, 
JMP lets you

• click and drag in the corner of a plot 
to resize it

• double-click a plot axis to rescale it

• access appropriate statistical 
 commands

• click and drag with the hand tool in 
a histogram to change intervals and 
shift the histogram bar positions

Most statistical packages are not 
responsive—the data sit dormant, 
there is a brief flurry of action in 
response to commands, then the 
reports are deposited in a 
non-reactive state. 

JMP, however, is designed as a 
dynamic data analysis system. 
Windows on your desktop are ready 
for action. Data stay in front of you. 
Analyses are ready to respond to 
your interests. Everything is alive until 
closed. When you click in a window, 
JMP responds instantly. 

Using Linked Data
Highlight a point, bar, or row, and 
JMP highlights its corresponding data 
everywhere else in the session it is 
represented. Data are linked so you 
can easily notice patterns.

For example, click a point in a plot. 
The point is highlighted, and when 
the arrow is over the point, its label 

appears. But that’s not all. The row 
representing that point in the data 
table is highlighted. The point for that 
row in other plots is highlighted, too. 

Click a histogram bar and that bar is 
highlighted along with the correspond-
ing rows in the data table. And also, all 
other open histograms and plots that 
contain the corresponding part show 
the same data highlighted.

Linked data is useful when you want 
to look at more than one point. In JMP, 
you can click and drag the cursor to 
select a group of points. As the rect-
angle encloses the points, they are 
highlighted in the plot and everywhere 
else they appear.

You can also tell JMP to hide or 
exclude points from an analysis, label 
them, or give them specific colors or 
shapes. When you do this in a data 

Click a row in a summary table, and all corresponding 
rows in the parent table are highlighted.

Data in JMP are linked: click one area in a histogram, and all 
 coordinating points are highlighted in open data tables and graphs.

Interactivity Among Graphs, Data Tables, and Histograms
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JMP keeps your data table visible in 
a familiar spreadsheet format. You do 
not have to use inquiry functions to 
see it.

Editing and Highlighting
Data tables in JMP are responsive. 
You can

• click a cell to edit its contents

• click a column name and start typ-
ing to change it

• click rows or column headings to 
select them

• click and drag over a set of cells to 
select them

• click a group of cells to drag them 
elsewhere

• copy and paste

• click and drag on a column border 
to resize it

• drag and drop columns to rearrange 
them

Linked Data
JMP allows you several views of your 
data. You can 

• highlight a summary row and all the 
observations in the original data 
table are also highlighted. Then you 
can create a new data table contain-
ing only that highlighted data.

• bring up several windows on the 
same data table and view them 
independently

• edit a value in one window and it 
changes automatically in the other 
windows

Assigning Attributes to Rows
To assign special attributes to rows, 
highlight them and select an option 
from the Rows menu.

After assigning attributes to a row, an 
icon appears in the data table to indi-
cate its attribute(s), which include

   Hide—prevents rows from 
showing in plots

    Exclude—prevents rows from 
being included in an analysis

   Label—labels rows (points) in 
plots

   Color—adds one of any of 65 
colors to points

    Marker—replaces dots in 
graphs with one of 16 shaped 
markers

Rows with assigned attributes.

Manipulating and Forming 
New Tables
 

The Tables menu.

The Tables menu allows you to

    summarize columns from the 
active tables

  subset selected rows and col-
umns

  sort by any number of variables 
in either ascending or descend-
ing order

   stack columns to create a long, 
narrow table

  split columns to create a 
shorter, wider table

  transpose to interchange rows 
and columns

  concatenate to append tables 
end to end

  join tables side by side, or 
match values from one table in 
the other

  update one table with values 
from another table

  drag and drop variables to create 
a table of counts and statistics

  shows pattern of missing 
v alues in data table

Data and Data Tables

A JMP data table.
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JMP communicates seamlessly with 
other applications and data formats. 
For example, it can access data that 
was saved in a variety of formats.

Using ODBC
On Windows and Linux, JMP imple-
ments ODBC (Open DataBase Con-
nectivity). It can open any file type that 
has a corresponding ODBC driver 
installed on your machine. It can access 
either a file or external  databases.

In addition to accessing relational 
data  bases, JMP allows you to issue 
SQL commands to the database to 
extract only the data you want. Once 
connected, reading and writing data 
is seamless.

Importing Data from Text Files
If your data is stored as plain text, 
JMP’s flexible text import facility trans-
forms it into a JMP table. 

JMP implements ODBC.

Whether you are importing from a 
consistently-formatted source, or from 
varied text layouts, JMP’s flexible 
import method can read it. 

• If you know the format of the data 
ahead of time, you can set JMP’s 
preferences so that opening any file 
of this format is a single command. 

• If you are retrieving data from 
sources with different layouts, JMP 
will attempt to discern the format of 
the data. It provides a preview of the 
data, allowing you to tailor the set-
tings on a table-by-table basis.

Reading and Writing Excel Files
JMP can open Excel files. On 
Windows and Macintosh, JMP can 
save data tables in Excel format. By 
giving you this flexibility, JMP provides 
a way for you to transfer your data 
to a wide variety of users. JMP for 
Linux imports and exports OpenOffice 
spreadsheets.

Reading and Writing SAS Files
On Windows, JMP can open SAS 
datasets that are version 5 or later. 
On the Macintosh and Linux, JMP 
only opens version 6 SAS datasets. 
All  versions of JMP can open SAS 
transport files that were saved using 
the SAS XPORT engine.

Using the Save As command, JMP 
can save files as SAS Transport files. 
JMP on Windows can also directly 
save SAS datasets.

JMP can also interact directly with 
the SAS system. Using JSL, you can 
log into a SAS session, construct and 
submit SAS code, and retrieve output 
and log files. There are also JSL com-
mands to manipulate SAS variable 
names and librefs.

Accessing Remote Machines 
and Web Servers
The Windows edition of JMP can open 
HTML, JMP, or text files stored on a 
web server or FTP site, which gives 
you the ability to import web pages 
and files as JMP data tables. 

Live Data Collection
JMP can communicate with external 
devices through the serial port on your 
computer. Through this port, JMP can 
gather data and add it to data tables 
through scripts.

Data Access Capabilities

Access files stored on a web server.

JMP can open plain text files as a data table.

JMP can access and save as several 
 different formats.

Under JMP’s Preferences, you can change 
the default import settings.
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Once you have acquired and analyzed 
data, it is likely that you need to com-
municate your results to others. JMP 
has several capabilities that make this 
task easy.

Saving Reports
Using the journal and layout features, 
JMP can save a report in many for-
mats, including HTML, PNG, JPEG, 
and RTF. (On Linux and Macintosh, 
supported formats are JRN, RTF, and 
HTML.)

Selecting an area of an analysis win-
dow lets you save only the selected 
area. 

JMP reports can be saved as HTML, 
where graphics are automatically col-
lected in a separate folder.

JMP output as viewed in a web browser.

JMP preserves the graphs as pictures 
and the text output as tables when you 
save a report as an RTF file or drag 
and drop a selection into a Microsoft 
Word or PowerPoint window.

Graphs and tables are preserved as pic-
tures and tables when you drag and drop 
into Word.

Manipulating Reports Before Saving
With its Layout window and menu, 
JMP gives you the freedom to open 
an output report in a separate window 
and manipulate its appearance before 
you save it. You can move parts of the 
reports around, add other sections to 
it, and delete sections.

Using the layout feature, you can

• click an object to select it and move 
it anywhere in the layout window. 
The layout window has as many 
pages as you want, outlined with 
gray boundary lines

• double-click a title bar or report 
table column header and edit it

• rerun the analysis in a new window 
or edit the script

The example below shows results 
extracted, combined, and organized 
in a compact form from a bivariate 
analysis (scatterplot and polynomial 
fit), a distribution analysis (histogram 
and frequency count), and a one-way 
analysis (means and t-test). The result 
gives a clean and concise summary 
of oxygen uptake as a function of run 
time in an exercise experiment. This 
layout was arranged by forming a 
layout window for one analysis, then 
dragging the other desired analysis 
elements into the layout window, 
arranging the desired pieces, and 
deleting unwanted elements.

Report Surface Accessibility

Results from multiple analyses that were edited and combined into the layout window.
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As you move the cursor around the 
window, it changes shapes to indicate 
the available action. 

The different shapes mean that 
you can

• click inside a cell to edit its contents

• click and drag inside cells to high-
light a set of cells

• click and drag the border between 
columns to resize column width

• click the red triangle icon and select 
from the pull-down menus

• click rows and columns to assign 
them attributes

Tool Palette
You can also change the function of 
the cursor manually by clicking JMP’s 
tool palette, which contains specialty 
tools. You can use these tools to brush 
over points on a plot to highlight them 
both in the plot and in all other open 
windows. You can also use the magni-
fier tool to take a closer look at points 
by rescaling the axes and enlarging 
the plot.

JMP’s tool palette.

The following is a list of cursors and 
their function in JMP.

  The arrow pushes buttons and 
selects when you click with it. It is the 
default tool.

  The question mark displays help 
text on the area or object clicked.

  The fat plus selects rows or 
regions of rows when you click and 
drag. When you click a section of a 
plot or report, that section highlights 
and can be copied or dragged. 

  The scroller provides an easy 
way to scroll to all parts of large 
reports. Click and drag with it to move 
up and down on the report. 

  The hand moves objects with 
each click and drag. It directly manipu-
lates plots, charts, axes, and formula 
components. It re-bins histograms, 
repositions plot scales, and spins 
plots.

  The brush highlights points in 
rectangular areas of a plot. When you 
click with it, a rectangle appears. Move 
the rectangle over points to highlight 
them and shift-click to extend the 
selection.

  The lasso highlights irregular 
areas in a plot when you click and 
drag to enclose them.

  The magnifier zooms on points 
of interest. The point or area selected 
becomes the center of a new view of 
the data. 

  The crosshairs display a move-
able set of axes measuring plot points 
and distances.

  The annotate tool places a 
text box wherever you click in a report, 
journal, or layout window. You can 
type notes into that text box. The box 
and its text can be any color or can be 
transparent. 

  The line draws thin, thick, or 
dashed lines, which can have arrows 
at either or both ends.

  The polygon draws any shaped 
polygon and can be spline smoothed.

  The simple shape draws either 
ovals or rectangles. Polygons, rectan-
gles, and ovals (simple shapes) can be 
filled and raised to give a three-dimen-
sional appearance. 

The annotate, line, and simple shape tools 
were used on this JMP output report.

Specialty Tools
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Often, your first statistical data inquiry 
consists of checking the distribution 
of values. To help you accomplish 
this, JMP provides you with the 
 distribution command.

The Distribution command.

After selecting the distribution com-
mand, you identify the variables that 
interest you. 

Then, JMP decides how to treat the 
variables based on their modeling types. 

• For continuous variables, JMP 
calculates the mean, standard devi-
ations, and quantiles. It also graphi-
cally presents results in the form of 
histograms and box plots. 

• For nominal and ordinal variables, 
JMP counts frequencies and calcu-
lates percentages. It shows results 
with a frequency bar chart and, 
upon request, gives a divided bar 
chart (also called a mosaic plot).

Results are presented as both graphs 
and text, and they are conveniently 
placed next to each other in the 
same window. Furthermore, the 
report responds to your actions. For 
example, clicking a histogram bar 
highlights the row(s) in the report and 
in the corresponding data table, which 

helps you see patterns among vari-
ables. Additionally, you can click and 
drag the histogram bins to modify their 
widths and locations.

Step-by-Step Analyses
JMP analyses unfold. Additional sta-
tistics and plots are available from 
the report surface in the form of drop-
down menus, allowing you to access 
analyses one at the time as discover-
ies are made. Unlike other statistical 
products, you don’t have to re-run an 
analysis to add additional options to 
an existing report—they are always 
available via the red triangle icon on 
the title bar.

Similarly, JMP contains commands in 
those drop-down menus that describe 
the shape of the distribution. 

• The Fit Distribution option superim-
poses a fitted distribution curve on 
the histogram. Normal, LogNormal, 
Weibull, and many other distribu-
tions—along with the appropriate 
goodness-of-fit statistics—are only 
a click away.

• The Normal Quantile Plot option 
shows the observed values against 
the expected normal order statistics. 
If the data are normal, the points 
on this plot tend to follow a straight 
line. This is a quick and accurate 
visual way of confirming normality.

• The Smooth Curve option lets you 
apply a kernel density smoother to 
the data, which can then be inter-
actively adjusted to get the desired 
level of fit.

Commands that help describe the 
 distribution.

A complete capability analysis, based 
on specification limits that you set, is 
also available. As with other analyses, 
it is presented both graphically and 
textually.

Example of 
a capability 
analysis.

Distribution of Values

Continuous and categorical distributions.



9

When you initiate the Bivariate platform 
in JMP, it starts with a scatterplot of 
two variables.

Bivariate scatterplot with three fits.

• Several fits can be overlaid on a 
single graph for easy comparison 
of their fit.

• The scatterplot can be resized by 
clicking and dragging the plot’s 
sides or corners.

• Hovering over a point in the scatter-
plot reveals its label.

• You can change the point’s color, 
marker, and label.

• As with other platforms in JMP, 
clicking on a point highlights its 
corresponding point in every open 
graph, as well as the row in the 
data table.

Click a point in a plot and the same data is 
highlighted in every open graph and table.

Performing Fits
After displaying the scatterplot, JMP 
gives you fitting options to perform 
on the data.

Each available fitting command adds a 
fit along with statistical reports detail-
ing the fit. In particular, the Group By 
option allows you to perform several 
fits based on the value of a grouping 
variable. 

For example, a few years ago, some 
Utah researchers were looking at the 
bivariate distribution of football play-
ers’ weight and speed by position. 
With JMP, this task involves two mouse 
clicks: clicking the drop-down menu 
and choosing the Group By option, 
then clicking it again and choosing the 
Density Ellipses option. Furthermore, 
the graph can be easily copied and 
pasted into a presentation program.

Bivariate ellipses by position.

Thus, as you make discoveries and 
see patterns, exploration options are 
available to you. JMP makes it simple 
to look at several aspects of a fit and 
determine the effectiveness of your 
model. In the next example, a residual 
plot was requested after a bivariate fit 
to check model assumptions. Then, 
confidence curves were overlaid on 
the plot. These options were available 
from the drop-down menus on the plot 
surface—the analysis did not have to 
be re-run.

Confidence curves and a residual plot.

JMP even lets you graphically explore 
points’ bivariate density. You can also 
overlay nonparametric densities with 
a single command, helping you deter-
mine if your data is piling up in a 
small area.

Nonparametric density.

You can also see the data spring to life 
in three dimensions.

A three-
dimensional 
graph in 
JMP.

Bivariate Relationships
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Nominal responses are modeled 
according to the probability that each 
response level will occur. One question 
you might ask when looking at nominal 
responses is if the probability for the 
various response levels is a function of 
the x level or if it is constant across the 
x levels. 

Some statistical packages treat the 
analysis of two nominal variables with 
pages after pages of tables. JMP, 
however, makes these analyses come 
to life with integrated graphics.

Mosaic Plots
JMP presents mosaic plots to help 
you determine if the probability for the 
various response levels is a function 
of the x level. 

A JMP mosaic plot.

The mosaic plot is divided on the 
x-axis by the population sizes of the 
x levels. The y-axis is subdivided by 
the response rates for each response 
category. If the response rates are 
similar across the x groups, then the 
partitions will align horizontally.

The same information is displayed 
non-graphically in a crosstab report 
for each cell. 

A JMP contingency table.

Correspondence Analysis Graphs
In situations where there are many dif-
ferent levels of x and you need to see 
what the differences are, JMP lets you 
request a correspondence analysis 
graph, a technique championed by the 
French for showing relationships of rows 
and columns in a contingency table.

A JMP correspondence analysis graph.

Each point represents a row and col-
umn in the data table. Row points that 
are close together represent rows that 
have similar profiles. The technique 
is symmetric, enabling you to see 
column profile similarities. This cor-
respondence analysis plot shows the 
relationship in a way that is easier to 
read than a mosaic plot.

Additionally, you can save the corre-
spondence coordinates and display 
a three-dimensional spinning plot to 
further explore the correspondences.

Three-dimensional spinning plot.

Test Statistics
JMP also provides test statistics that 
support the graphical presentations. 
For example, Chi-square tests of mar-
ginal homogeneity are reported in text 
reports in JMP. This test is equivalent 
to the test of independence if both 
variables are considered responses.

JMP contingency analysis test statistics.

The Contingency Analysis platform 
also offers the Cochran-Mantel-
Haenszel test for testing if there is a 
relationship between two categorical 
variables after blocking across a third 
classification.

Contingency Tables and Correspondence Analyses
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The richness of JMP lies in its ability 
to deeply address a set of questions 
and the vast amount of insight you can 
gain in the results. Running a oneway 
analysis demonstrates this richness. If 
you have a continuous response from 
several groups, you can use JMP’s 
to graphically show the estimation 
of means and quantiles. It shows the 
group means using diamonds whose 
centers are at the group means. The 
diamonds’ top and bottom ends show 
the confidence intervals, and their 
widths show the sample size. Quantile 
and outlier box plots show quantiles 
and outliers, respectively.

The diamonds’ height show confidence 
intervals and the widths reflect sample size.

When you have large amounts of data, 
normal quantile plots often reveal more 
differences among groups. The follow-
ing figure shows a oneway analysis of 
1,000 points with points “jittered” in 
the dot plot on the left.

A normal quantile plot.

Comparison Procedures
As a researcher, you might also want 
to know if all the means are the same. 
You would use the analysis of vari-
ance report with the F-test, then 
further clarify which means are differ-
ent by looking at comparison circles. 
JMP pioneered comparison circles, 
a graphical technique that shows the 
significant relationships on the scale 
of the response for unequal sample 
sizes. Comparison circles help you 
determine which means are different. 

Since determining which means are 
different could involve many compari-
sons, there are many ways to control 
for the level of the tests using various 
multiple comparisons procedures. 
JMP allows you to choose among sev-
eral procedures.

• To look at all the comparisons, 
JMP offers the Tukey-Kramer HSD 
approach. The circles are larger with 
multiple comparisons because the 
test guards against falsely declaring 
significant differences among more 
comparisons. 

• To determine if a mean is not the 
maximum (or minimum) in the group, 
JMP offers the Hsu MCB test. 

• To compare many treatments against 
one control group, JMP offers 
Dunnett’s test. This is done using the 
actual sample sizes rather than a har-
monic mean approximation.

If you are unwilling to assume nor-
mality in researching if all the means 
are the same, JMP offers three dif-
ferent nonparametric tests: Wilcoxon 
(Kruskal-Wallace, Mann-Whitney), 
Median, and van der Waerden rank 
tests. Similarly, if you are unwilling to 
assume equal variances, there are 
four tests for homogeneity of variance. 

And, if those tests are significant, you 
can examine a Welch ANOVA.

JMP also provides options to calculate 
the Least Significant Number (LSN), 
Least Significant Value (LSV), and 
power analysis.

If angle > 90˚, not significantly  different

If angle = 90˚, boardline significantly 
different 

If angle < 90˚, significantly different 

Oneway Layouts
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If you are fitting a linear model, such 
as a regression or analysis of variance 
model, you might want to investigate 
many details about each effect in 
the model.

What makes JMP complete is that it 
can answer questions other statisti-
cal software packages do not—and it 
does so in a deep, approachable way 
using leverage plots. 

The following two graphs show a 
leverage plot for a significant effect 
and a non-significant effect.

Leverage plot showing significant effect.

Leverage plot showing non-significant 
effect.

About JMP’s Leverage Plots
Leverage plots show how each point 
contributes to the hypothesis test 
statistic. You can see which points 
support the test statistic. You can 
glance at the plot and understand 
if your effect is significant. For each 
observation, you can see the residual 
and what the residual would be if you 
removed that effect from the model.

The distance from each point to the 
sloped straight line is the residual. The 
distance from each point to the hori-
zontal line is what the residual would 
be if that effect were removed from 
the model. The difference in sums of 
squares of these two sets of residuals 
is the hypothesis sums of squares for 
the F-test. The dashed lines show sig-
nificance at the 0.05 level; they cross 
the horizontal line if the effect is signifi-
cant and straddle the horizontal line if 
the effect is not significant.

In a multiple regression setting, lever-
age plots help diagnose collinearity 
by how much the points shrink hori-
zontally to the center of the plot. The 
following two leverage plots from the 
famous Longley data set show how 
collinearity manifests itself in a lever-
age plot.

Leverage plots showing collinearity.

Categorical Effects
With categorical effects, the main 
interest is usually in comparing the 
levels. JMP automatically computes 
least-squares means for all the levels.

JMP shows these means in a profile plot.

Least-squares means plot.

You can also easily view specific con-
trasts. JMP computes the contrasts 
and shows the results.

Linear contrasts.

Furthermore, a single mouse click 
 produces a multiple comparisons 
report, showing details of which 
levels actually differ.

Multiple comparison report.

Effect Exploration: A Way to Discover More
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When many responses are fit to 
the same linear model, the analysis 
can be approached as a MANOVA 
(Multivariate Analysis of Variance), 
which considers relationships across 
responses. 

The initial fit in a JMP MANOVA analysis.

One common use of multivariate fit-
ting is analyzing repeated measures 
data. A subject is measured repeatedly 
across time and the data are arranged 
so each time measurement forms a 
variable. 

Take, for example, 16 dogs that are 
given different drugs. The dogs are 
assigned to two groups defined by 
the variable “drug” and the dependent 
variable is the logarithm of the blood 
histamine concentration at zero, one, 
three, and five minutes after injection 
of the drug. To analyze the data using 
JMP, you run a fit model analysis. JMP 
fits the responses to the effects using 
least squares. The initial fit shows 
parameter estimates and least squares 
means estimates. 

It also graphically displays the least 
squares means. You can quickly see 
that the histamine level of dogs given 
trimeth is greater than that of the dogs 
given morphine. 

The next step in this example is to 
choose the response specification to 
use in the MANOVA. In JMP, you can 
select the form of the linear combina-
tions across responses. 

Response specifications.

There are several common pre-set 
combinations, or you can customize 
your own.

If you choose the repeated measures 
linear combination, JMP models two 
response functions: the between-sub-
jects analysis using the sum across 
the y’s and the within-subjects analy-
sis using the contrast across the y’s. 
You can also construct contrasts or 
save predicted values, residuals, and 
canonical scores (with the discriminant 
formula) as columns in the original 
data table.

JMP also provides access to a 
Sphericity Test table and adjusted 
univariate F-tests in the multivariate 
report tables. 

A Sphericity test table and adjusted 
 univariate F-tests in the multivariate 
report tables.

Centroid Plots
To show the multivariate least-squares 
means, JMP provides a centroid plot. 
The centroid plot shows the centroids 
(multivariate least-squares means) 
on the first two canonical variables 
formed from the test space. 

In the example below, the least squares 
means are shown for each nominal vari-
able with biplot rays showing the direc-
tions of the original variables.

Centroid plot.

95% confidence ellipses surround 
each least squares mean. Since they 
are plotted in canonical space, they 
appear as circles.

MANOVA
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Sometimes you need a way to wade 
through a large number of effects 
(some with many levels) and determine 
which ones are most important. JMP’s 
stepwise regression methods do just 
that. You give JMP all the effects you 
have, and it proceeds with a step-by-
step examination of regression models 
composed of different subsets of vari-
ables and advises you on the 
most important effects.

Types of Stepwise Regression
JMP implements three stepwise 
 techniques: forward, backwards, 
and mixed.

At any time, you can click a check box 
to bring a variable into the model or 
remove it from the model. You set a 
direction, then take one step at a time 
by clicking the Step button. A Current 
Estimates report shows the state of 
the model.

You can force a term to be entered or 
removed from the model, or lock it so 
that it is no longer considered. Click 
the Go button to proceed through the 
steps automatically. 

When you are finished, click the 
Make Model button to get a 
complete analysis.

Categorical Effects
Categorical variables with more than 
two levels are a special case. Most 
stepwise regression software handles 
only continuous variables, but JMP 
forms indicator variables for levels of 
categorical variables. Using special 
rules, levels (or combinations of lev-
els) can form new columns and be 
included in the model. 

Compound Effects
If you have crossed or polynomial 
terms, you can force the model’s steps 
to proceed according to hierarchy 
rules.

Stepwise Logistic Regression
You can also run a stepwise regres-
sion if you have a binary or ordinal 
response. This regression works simi-
larly to the least-squares version.

All Possible Models
JMP takes advantage of modern com-
puter speed, so now it is feasible to 
examine all possible combinations of 
candidate variables that may be useful 
in prediction. As with other analyses in 
JMP, the results in a stepwise regres-
sion are portrayed graphically and in 
text reports.

Stepwise Regression Models

The report after one click of the Step button.
A stepwise fit run on a binary or ordinal response.
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Models that are nonlinear in their 
parameters are more difficult to fit than 
linear models. Unfortunately, there is 
no foolproof method for estimating 
nonlinear regression parameters that 
guarantees a globally-optimal solution. 

Entering the model to be estimated 
is easy in JMP—you enter a formula 
into a column using the formula editor. 
Derivatives are calculated automati-
cally. Once you enter the formula and 
the initial values for the parameters, 
JMP does the rest.

The formula editor in JMP.

The great thing about JMP’s nonlinear 
platform is its interactivity. At first, you 
might try some starting values and it 
does not converge. To try other val-
ues, you enter different values, click 
Reset, then click Go. You can lock 
some parameter and estimate the rest. 
The grid and slider features interact in 
real time. Because nonlinear may not 
work the first time, it is important that 
exploring be interactive and easy.

In one single step, you can stop the 
iterations at any point, examine the 
values, change the parameters, or 
restart the iterations. Because the 
iterations run in the background, you 
can continue with other analyses while 
the nonlinear regression runs.

The slider at the bottom adjusts parameters.

JMP’s Modeling Features
JMP also handles the features listed 
below differently than other software 
packages.

Derivatives 
A troublesome part of using most 
nonlinear regression software is often 
in programming the derivatives. But 
in JMP, after you enter the predic-
tion formula, the first and, if desired, 
second derivatives are symbolically 
computed whenever possible by the 
software. If JMP is unable to symboli-
cally compute the exact expressions 
for the derivatives, it computes finite-
difference derivatives instead. JMP 
supports the Newton-Raphson/Gauss-
Newton/ Marquardt methods.

Confidence Intervals 
JMP offers confidence intervals based 
on searching the likelihood surface for 
each parameter, whereas other non-
linear regression programs give you a 
confidence interval or standard error 
for each parameter that is based on 
approximating the nonlinear surface 
with a linear surface.

Plots of the Fitted Function 
To get a plot of the fitted function in 
most packages, you have to use a 
separate plotting procedure designed 
to create scatterplots of individual 
points instead of smooth functions. 
In JMP, if your model is a function of 
one variable, the software automati-
cally produces a plot of the data and 
fitted function. The function is plotted 
smoothly, not just at the observed 
values. The points are interactive, and 
the plot can be customized using the 
slider scale at the bottom of the report.

Maximum Likelihood
In addition to least squares fitting, the 
nonlinear platform can also minimize 
with respect to a user-specified loss 
function, which can have additional 
parameters to estimate.

You can maximize likelihood fitting by 
specifying the loss function so that 
its sum is the negative log likelihood. 
For example, to use nonlinear for a 
censored Weibull survival model, you 
could specify a loss function such as:

Model Library
With the click of a button, you can 
conveniently set up nonlinear regres-
sion model columns using JMP’s 
model library. The library helps you 
quickly choose, construct, and save 
the appropriate model for a set of pre-
defined models.

Nonlinear Modeling
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Logistic regression models the prob-
abilities of a nominal response as a 
continuous function of a continuous 
x variable. The method fits a series of 
S-shaped curves. The probability for 
each response level is the distance 
between each curve at a particular x 
value. The probabilities sum to one. If 
x does not affect the distribution of y, 
then the slope parameters tend to be 
non-significant, and the lines of fit tend 
to be horizontal.

The ordinal cumulative logistic regres-
sion technology in JMP is able to 
handle a large number of response 
levels. This technology models ordinal 
responses similarly to how it models 
nominal responses, but the ordinal 
response is simplified by having only 
one common slope parameter. The 
curves that separate the probability 
areas are the same curve, just shifted 
horizontally by an amount that scores 
the spacing of the response levels.

An ordinal logistic fit of a person’s age by 
his height.

You can graphically see the probability 
that a given height is in an age group 
by looking at the distance between 
curves.

An Example
Suppose a popcorn manufacturer 
wants to maximize the probability 
of a favorable taste response as a 
function of how much salt is added. 
Imagine an experiment with the salt 
controlled at zero, one, two, and three 
teaspoons. Respondents could rate 
taste on a scale of one to five, where 
five is a positive taste. In this case, the 
manufacturer would use JMP to build 
a model that fits the ordinal taste test 
to the surface effect of salt. 

A graph showing how the quadratic model 
would fit the response probabilities. 

Instead of being shifted logistic 
curves, the lines in the figure above 
are a folded pile of curves, where 
each curve achieves its optimum at 
the same point. That point, the critical 
value, is 1.29 teaspoons of salt. The 
probability for the highest response 
level is the distance from the top curve 
to the top of the plot rectangle. This 

distance reaches a maximum when 
salt is 1.29 teaspoons, where the curve 
bottoms out. All curves share the 
same critical point. This combination 
of ordinal logistic regression technol-
ogy with response surface technology 
is unique to JMP.

Binary Outcomes
When there are only two outcomes, 
JMP has some extra capabilities for 
exploring the fit.

The Inverse Prediction option 
enables you to request an exact 
inverse prediction. If there is a strong 
relationship between the variables, the 
inverse prediction table displays upper 
and lower confidence limits for the 
inverse prediction. 

An inverse prediction table showing an 
analysis of a person’s gender as predicted 
by their height.

You can also request an ROC 
(Receiver Operating Characteristic) 
curve for your analysis. JMP allows 
you to specify which level is “positive,” 
then produces the curve.

A requested ROC curve.

Ordinal Regression
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Are you missing patterns among your 
variables? JMP presents correlations 
in graphical ways so that you can eas-
ily see patterns that may be missed by 
looking at text reports. 

JMP shows multivariate correlations 
using a scatterplot matrix to support 
a table of Pearson correlation coef-
ficients. The scatterplots show the 
bivariate relationships between each 
pair of variables.

Multivariate analyses produce a table and 
graph.

The normal density ellipses show the 
correlation visually.

• High correlations correspond to 
ellipses that are narrow across the 
diagonal.

• Small correlations lead to more cir-
cular ellipses.

• Negative correlations show up as 
ellipses with a negative slope.

As with all the other plots in JMP, 
the scatterplot matrix is connected 
to other plots. Highlight a point in a 
scatterplot matrix and it becomes 
highlighted in every other active plot 

(including those generated by other 
platforms). Place the cursor over the 
point, and its identity is revealed.

Correlation Methods
Using the red triangle’s drop-down 
menu options, you can request tables 
of inverse and partial correlations, pair-
wise correlations listed with their prob-
abilities and a bar chart to compare 
them, and three kinds of nonparamet-
ric correlation: Spearman’s ρ, Kendall’s 
τ,  and Hoeffding’s D.

Table of pairwise correlations.

Outlier Analysis
The correlation structure can be used 
to help discover points that are outli-
ers in a high number of dimensions. 
Visualize a series of nested ellipses 
corresponding to many normal density 
contours. The number of ellipses you 
cross when moving from the multivari-
ate mean to a data point is a distance 
measure called the Mahalanobis 
distance. This distance can be calcu-
lated for any number of dimensions. 
The figure below is JMP’s plot of the 
Mahalanobis distances, used in mul-
tivariate outlier analysis. Points above 
the dotted line exceed the threshold 
for outliers.

The Mahalanobis distance is a measure to 
determine outliers.

Principal Components
Another way to examine relationships 
when there are more than two vari-
ables is with principal components. 
Principal components are a set of 
variables computed as linear combi-
nations of the original variables. They 
organize the total variability so it can 
be represented with fewer variables.

JMP can calculate principal compo-
nents on correlations, covariances, or 
unscaled (raw) data. It reports eigenval-
ues so you can determine how many 
components are necessary to account 
for a large amount of variability.

A spinning plot showing the principal com-
ponents plotted with three of the original 
variables.

For three components at a time, JMP 
can even produce a spinning biplot 
showing the orientation of the original 
variables in principal component space. 
Just drag the axis markers on the left of 
the plot to reassign their roles.

This biplot shows the original variables’ 
orientation.

Multivariate Analyses
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Clustering groups the points (rows) 
into clusters whose values are close to 
each other relative to those of 
other clusters.

JMP provides five different clustering 
methods:

• hierarchical clustering

• k-Means clustering

• normal mixtures clustering

• Self-Organizing Maps (SOMs)

• modal clustering (bivariate only)

Hierarchical Clustering
To show a visual representation of 
the cluster’s process, JMP provides 
dendrograms, which are tree diagrams 
that display the results of a cluster 
analysis. The dendrogram is linked to 
its original data: if you click in the den-
drogram to highlight points in a cluster, 
the corresponding points highlight 
in all other open analyses and data 
tables. See the figure on the right for 
an example of hierarchical clustering 
using dendrograms.

You also can identify a specific num-
ber of clusters by clicking and drag-
ging a small diamond dotted icon at 
the top and bottom of the dendro-
gram. Optionally, JMP can automati-
cally assign colors and markers based 
on the number of clusters assigned in 
the dendrogram. JMP will also let you 
save the cluster number assigned to 
each data point as a new column in 
the data table.

With sufficient memory in your com-
puter, you can cluster thousands of 
rows. The color map, showing the 
values of every cell of data, identify 
which clusters are associated with low 

or high values of which columns. You 
can also cluster columns to obtain a 
two-way clustering.

K-Means Clustering
The k-means approach to clustering 
is through an iterative alternating fit-
ting process (a special case of the EM 
algorithm). The k-means approach is 
well-suited to larger data tables.

In addition to standard k-means, JMP 
offers Self-Organizing Maps (SOMs). 
They form clusters on a cluster grid so 
that the points near each other in the 
grid are also near each other in muli-
variate space. The grid structure may 
be invaluable in interpreting the clus-
ters in a two dimensional sense.

Normal Mixtures
Normal mixtures is similar to k-means, 
but it estimates probabilities of group 
membership instead of each point 
being a strict member. It is especially 
useful in cases where the clusters 
overlap. In these cases, normal mix-
tures clustering provides a far more 
accurate estimate of the total popula-
tion in each group.

Cluster Analysis

Biplot of regular k-means clustering (left). Biplot of Self-Organizing Maps (SOMs) (right).

This plot’s density ellipses show clustering.

Hierarchical clustering using dendrograms.

Click and drag 
to identify a 
specific num-
ber of clusters

Screen plots 
help determine 
the number of 
clusters

Gradiated 
color map

Two-way 
clustering is 
an option
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JMP recursively partitions data accord-
ing to a relationship between the x and 
y values, creating a tree of partitions. 
The technique (also called decision 
trees) is often taught as a data mining 
technique because

• it is good for exploring relationships 
without having a good prior model

• it handles large problems easily

• the results are easily interpretable

JMP provides a unique and useful 
decision tree graph that shows the 
partition clearly.

A classic application of partitioning is 
when you want to turn a data table of 
symptoms and diagnoses of a certain 
illness into a hierarchy of questions to 
ask new patients in order to make a 
quick initial diagnosis.

The factor columns (x’s) can be either 
continuous or categorical (e.g., nomi-
nal or ordinal). If an x is continuous, 
then the splits (partitions) are created 
by a cutting value. The sample is 
divided into values below and above 
this cutting value. If the x is categori-
cal, then the sample is divided into two 
groups of levels.

The response column (y) can also be 
either continuous or categorical (and 
nominal or ordinal). If y is continuous, 
then the platform fits means and cre-
ates splits which most significantly 
separate the means by examining the 
sums of squares due to the mean dif-
ferences. If y is categorical, then the 
response rates (the estimated prob-
ability for each response level) become 
the fitted value, and the most signifi-
cant split is determined by the largest 
likelihood-ratio Chi-square statistic. In 
either case, the split is chosen to max-
imize the difference in the responses 
between the two branches of the split.

An Example
The following example and figure show 
the Partition platform using data from 
Evans and Fisher1. In this example, 
high-speed printing press operators 
were interested in causes of “band-
ing”—strips on the final product where 
the plate did not produce an image. To 
explore, they followed these steps:

1. They gathered data on over forty 
variables, including ink type, press 
speed, press type, ink color, and 
many more. 

2. The first time the Split button is 
pressed, JMP splits the effects by 
press speed. This shows that press 

speeds less than 2,220 rpm have a 
higher chance of producing band-
ing. It tells the analysts that press 
speed affects banding more than 
any of the other variables.

3. A second click of the Split button 
splits by press type. It seems that 
some brands of press are more likely 
to produce banding than others. 

4. The next split is on the variable that 
represents density of the paper.

Note that the entire process in JMP 
is interactive. You control when and 
where the variables are split. You eval-
uate when the analysis is complete.

Recursive Partitioning

1 Evans, B. & Fisher, D. (1994). “Process delay analysis using decision tree induction.” IEEE Expert, 9, 1, 60-66.

An example of the Partition platform in action.
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JMP has three ways of visualizing three 
variables at a time: through spinning 
plots (3-D scatterplots), surface plots, 
and contour plots.

Spinning Provides Visualization
You can spin JMP’s three-dimensional 
scatterplots in real time so data can be 
viewed from any desired aspect with 
one mouse movement. 

In spinning plots, you can also

• show and hide the axes

• change the size of the points, back-
ground color, and depth cueing

• overlay a box that makes seeing 
axis direction easy

• add rays and variables

• save principal and rotated compo-
nents

• choose a different set of three vari-
ables by clicking and dragging the 
x-, y-, and z-axes

If you highlight a point in a spinning 
plot, JMP highlights its corresponding 
data everywhere else it is represented. 
You can also select the brush tool and 
click and drag it to select a group of 
points. As the rectangle encloses the 
points, they highlight in the plot and 
everywhere else they appear.

Principal Components and Biplots
You can’t have a six-dimensional plot, 
but if the variables are fairly correlated, 
the principal components can capture 
most of the six-dimensional variation 
in a smaller number of components. 

JMP allows you to display principal 
components in a biplot; JMP com-
putes the principal components and 
displays them in a three-dimensional 

plot. You can also manipulate the plot 
and see it from the components’ point 
of view. This gives visual feedback 
on what the components represent. 
The plot shows rays representing and 
approximating the variables in the 
principal component space.

Surface Plots
You can plot points or surfaces using 
surface plots. JMP displays surfaces 
either smoothly or as a mesh, with or 
without contour lines. You are given 
the opportunity to customize the 
labels, axes, and lighting.

Additionally, the Surface Plot platform 
functions both as a separate platform 
and as an option in model fitting plat-
forms. And, if you have columns that 
contain formulas, you can plot the for-
mulas on a surface plot. 

Example of a surface plot in JMP.

A contour plot of water depth in a pond.

Contour Plots
You can also visualize three-dimen-
sional data using JMP’s contour plot. 
Two variables are plotted on the hori-
zontal and vertical axes, and colors 
represent the third variable.

JMP can use any set of x and y 
points—they don’t have to be a pre-
cise grid. The plot below shows a 
contour of the water depth in a pond. 
The x- and y-values are coordinates at 
which the water depth was measured. 

You can customize the contour plot to

• show or hide data points, contours, 
and boundaries

• fill areas

• reverse colors

• label, change, and save contours

 

Three-Dimensional Plots

Menu of 
plotting 
options

JMP’s three-dimensional spinning plot.

List of 
plot  
components

Plot with 
Box option 
activated

Menu of 
 display 
options

Spin tools



21

JMP uses a general computational 
approach that works for any linear 
model—balanced or unbalanced, 
complete or with missing cell values, 
with main effects, with interactions, or 
with nested terms. The following are 
unique ways JMP gives insight on lin-
ear models.

Automatic Lack-of-Fit Test 
JMP looks for multiple observations 
with the same factor values, and if it 
finds them and the model is not satu-
rated, it calculates the pure error and 
automatically produces a lack-of-fit test.

Example of a lack-of-fit test in JMP.

Effective Hypothesis Test 
If a model has no missing cells, JMP 
produces a hypothesis test, such as 
SAS PROC GLM’s Types III and IV, 
as well as Type I sequential tests. But 
when there are missing cells, instead 
of giving up or hunting for subsets of 
cells to use for testing main effects, 
JMP uses R. R. Hocking’s “effective 
hypothesis test.” This brings the tests 
into a close relationship with the least 
squares means: testing an effective 
hypothesis for main effects is equiva-
lent to testing that the least squares 
means are equal. Testing an effective 
hypothesis for main effects is unique 
and unaffected by reordering the lev-
els (unlike Type IV sums of squares) 
or reordering the effects (unlike Type I 
sums of squares).

Polynomial Centering
When you have polynomial terms in 
a model, such as squares and cross 
products of continuous regressors, it 

is sometimes difficult to produce good 
test statistics for them; the main effect 
tests are not meaningful in the pres-
ence of effects that contain them. But 
with JMP, polynomial terms are auto-
matically centered by the mean so that 
tests on main effects are meaningful. 
You can also turn off the centering.

Formula Output 
Predicted values can be saved into a 
JMP data table as a formula, not just as 
data. This allows you to compute pre-
dicted values as new rows are added.

Predicted values can be saved into a data 
table as a formula, not just as data.

Inverse Prediction 
For nominal or ordinal models with 
two response levels, JMP computes 
an x-value that results from a specified 
response (y) probability. It also fidu-
cially gives confidence limits for the 
inverse prediction.

Ordinal Coding Option 
If you have dose treatment effects, you 
can use JMP’s ordinal parameterization 
for better interpretability of the param-
eters. If there are interaction effects, 
the ordinal coding option gives further 
advantages because the main effects 
better tolerate missing cells that are 
located away from the baseline level.

Parameterization 
JMP uses a parameterization that is 
more compact and more interpretable 
than full design matrices. Each JMP 
parameter measures its level against 
the average of all levels. This param-
eterization can be much more efficient 
than those of other software pack-
ages. For example, a 25 factorial in 
JMP takes less than one-seventh the 
number of parameters than parame-
terization with one parameter for each 
level in each effect.

Least Squares Means Plots 
When you want to see main effect or 
interaction graphs, JMP produces a 
profile plot of the least-squares means.

Interaction plots show main effects.

Random Effects and Tests 
JMP supports the Kackar-Harville 
and Kenward-Roger improvements in 
REML estimates, which produce the 
best test in a wide variety of situations. 
The result is an automated general 
method for all cases that gets the 
best possible answer with a minimum 
of user expertise. You declare which 
effects are random, and everything 
else is automatic. 

This automated method gives correct 
answers without the requirements 
of balanced design. The results are 
correct even if whole plot fixed effects 
are purely nested in whole plot
 random effects.

Linear Model Creation
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Advanced JMP users often want to 
automate repetitive analyses. Some 
also want to create custom analyses 
and animate displays for use in instruc-
tional situations.

To address these needs, JMP contains 
a complete scripting language—JMP 
Scripting Language (JSL). It is both easy 
to learn and powerful. In fact, JMP can 
write some of these scripts itself.

Scripting Features
Some highlights of JSL include

• all of JMP’s analysis platforms are 
scriptable

• the display surface of JMP is script-
able, so custom reports have the 
look and feel of native JMP reports

• data tables can be read, written, and 
manipulated through scripting

• dialog boxes and platform dialogs 
can be integrated into a script to 
obtain input from users

Automatic Creation of Scripts
Every report window contains a script 
menu, as shown below.

JMP script menu.

After running an analysis, JMP can 
write a script that duplicates the steps 
involved in arriving at the report.

For example, suppose you need to 
combine the capabilities of two JMP 
platforms into your own custom plat-
form. JSL makes this easy:

The first step in scripting is to produce the 
analyses.

1. Produce the desired output. For 
example, the following figure 
shows output produced by choos-
ing Analyze > Distribution, then 
Analyze > Fit Y by X.

2. Click the triangle icon and select 
Save Script to Script Window in 
both reports. This creates a script 
that duplicates the steps involved in 
arriving at the report.

3. Type a New Window command 
around the generated scripts so 
they appear in the same window:

New Window(“Analysis”, 
Distribution(Continuous 
Distribution(Column( :
height), Quantiles(0), 
Moments (0)), 
Continuous 

Distribution(Column( :
weight), Quantiles(0), 
Moments (0))); Bivariate(Y( 
:weight), X( :height));

On Windows, you can then copy and 
paste this script to a menu or tool-
bar icon (using Edit > Customize > 
Menus/Toolbars) for others to use.

Creating Custom Analyses
JMP’s scripting language includes an 
extensive list of operators on matrices. 
In addition, some of JMP’s platforms 
expose their internal matrices for use 
by scripts. Combining these capabili-
ties allows you to add complex analy-
ses that are not included in JMP’s 
standard package.

Furthermore, you can translate data 
tables into matrices so manipulations 
are transparent to the script user.

Loops, conditionals, logical opera-
tions, random number generators, and 
probability functions are among the 
tools available to custom analyses.

Instructional Simulations
The JMP CD includes several example 
scripts that illustrate statistical con-
cepts. For example, the demokernal.
jsl script graphically shows how kernel 
density estimation works. Each data 
point is represented by a small normal 
distribution. These normal distribu-
tions are summed to create the larger, 
red curve, which represents the kernel 
density function. You can adjust the 
spread of the individual distribu-
tions— and therefore the smoothness 
of the spline fit—by clicking and drag-
ging the handle. Furthermore, you can 
script the drawing of graphics and 
capture clicks and drags, allowing for 
animated output.

Scripting

The New Window scripting command places 
analyses in the same window.
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Partial Least Squares (PLS) balances the 
two objectives of explaining response 
variation and explaining predictor 
variation. It is especially useful since it is 
appropriate in analyses that have more 
x-variables than observations. 

The number of factors to extract in 
PLS depends on the data. Basing 
the model on more extracted factors 
(successive linear combinations of the 
predictors, also called components 
or latent vectors) optimally addresses 
one or both of two goals 

• explaining response variation 

• explaining predictor variation

In particular, PLS balances the two 
goals, seeking for factors that explain 
both response and predictor variation.

Furthermore, PLS works in cases 
where OLS does not. If the data have 
more x-variables than observations, 
OLS cannot produce estimates, 
whereas PLS can.

For example, researchers studying 
pollution in the Baltic Sea would like 
to use a spectra of samples of sea 
water to determine the amounts of 
three compounds present in samples 
from the Baltic Sea: lignin sulfonate 
(pulp industry pollution), humic acids 
(natural forest products), and detergent 
(optical whitener). 

Spectrometric calibration is a type of 
problem in which partial least squares 
can be very effective. The predictors 
are the spectra emission intensities at 
different frequencies in sample spec-
trum (v1–v27), and the responses are 
the amounts of various chemicals in 
the sample. In this case, there are only 
16 observations.

Diagnostic Graphs
JMP displays graphs that plot each 
x-variable against its corresponding 
y-variable. These graphs automatically 
update as your analysis continues.

JMP provides scores plots.

In addition, graphical displays show 
the amount of variance explained by 
different numbers of components. This 
display helps decide on how many 
latent vectors are needed to character-
ize the data.

Percent variance is explained in the output 
report.

In the example above, JMP shows that 
most of the variation in x is explained by 
two factors, and most of the variation 
in y is explained by four. Based on this 
information, you can select the number 
of components to be analyzed.

You can select the number of components 
to be analyzed.

Cross-Validation
You can choose the number of factors 
by using cross validation, in which the 
data set is divided into two or more 
groups. You fit the model to all groups 
except one, then you check the capa-
bility of the model to predict responses 
for the group omitted. Repeating this 
for each group, you then can measure 
the overall capability of a given form 
of the model. JMP displays the results 
using the prediction root mean square 
error for each number of factors.

Prediction Profiling
JMP also lets you interactively view 
your predictions.

➀  Graphically view predictions for x and y 
based on current settings

➁ Predict specific row.

➂  Use sliders to interactively adjust 
components and see their effect on 
predictions

You can make predictions for a spe-
cific row in the data table. In addition, 
sliders appear for each of the com-
ponents, which can be interactively 
adjusted and viewed in the prediction 
graph. Using this technique, you can 
gain insight into the underlying traits 
that each score represents.

Partial Least Squares (PLS)

➀ 

➁ 

➂ 
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Discriminant analysis is an alternative to 
logistic regression. In logistic regression, 
the classification variable is random and 
predicted by the continuous variables, 
whereas in discriminant analysis the 
classifications are fixed, and the y’s 
are realizations of random variables. 
However, in both cases, the categorical 
value is predicted by the continuous.

There are several varieties of dis-
criminant analysis. JMP implements 
the simplest case, which is linear 
discriminant analysis. In linear dis-
criminant analysis, it is assumed that 
the y’s are normally distributed with 
the same variances and covariances, 
but that there are different means for 
each group defined by x. The method 
measures the distance from each point 
in the data set to each group’s multi-
variate mean (often called a centroid) 
and classifies the point to the closest 
group. The distance measure used is 
the Mahalanobis distance, which takes 
into account the variances and covari-
ances between the variables.

Fisher’s iris data set is the classic 
example to use for a discriminant anal-
ysis. Four measurements are taken 
from a sample consisting of three dif-
ferent species. The goal is to identify 

the species accurately using the val-
ues of the four measurements. In this 
example, we use stepwise selection in 
JMP to determine the best classifiers. 

When satisfied with the model, you 
click Apply This Model to see a cen-
troid plot and reports on the discrimi-
nant scores.

Note the following features of the 
canonical plot shown at the bottom of 
the page.

• There is a 95% confidence ellipse 
around each multivariate mean. 
Since the plots are in centroid 
space, the ellipses appear as a 
circle.

• The directions of the variables in 
the canonical space are shown by 
labeled rays emanating from the 
grand mean.

JMP’s discriminant options allow you 
to view the results of the analysis. For 
example, you can show only “inter-
esting” rows—those that have fitted 
probabilities of 0.05 or those that are 
misclassified. You can also save the 
discriminant formula in your original 
data table and use it for prediction of 
data gathered in the future.

Consider New Levels
JMP can also consider new levels of 
the variables. Rather than classifying 
points into existing groups, it consid-
ers the possibility that points are from 
a new, unscored group.

For example, suppose you gather 
a new data point representing an 
unknown iris. Using the Discriminant 
platform, you can either determine the 
probability it is virginica, setosa, or 
versicolor, or determine the probability 
that it is from a new species of iris, 
different from the three that have been 
considered.

Discriminant Analysis

Directions of the variables in canonical space (moved from grand mean for display purposes)

JMP’s stepwise capability after three 
 iterations.

Canonical 
mean and 
95% 
confidence 
ellipse
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Survival data contains time measure-
ments that show the occurrence of a 
specific event, such as the failure of 
an engine or a limit on what the event 
time would be—a censored value. JMP 
offers special modeling techniques to 
analyze left-censored, right-censored, 
and interval-censored observations 
correctly.

Survival/Reliability 
You can compute life-table estimates 
of survival functions using the product-
limit (Kaplan-Meier) method for one or 
more groups of right-censored data. 
Right-censored observations occur 
due either to units withdrawing from 
a study or termination of the study 
before all units have failed. All that is 
certain about this kind of observation 
is that the lifetime exceeds the final 
time value recorded for the observa-
tion. Although the exact lifetime of the 
observation is not known, the observa-
tion should not be ignored. 

JMP’s product-limit method gives a 
life table and an overlay plot of the 
estimated survival function for each 
group as well as the whole sample. 
Optionally, you can include confidence 
intervals for each group or a plot of the 
combined function. 

A JMP survival plot.

JMP supports interval censoring 
and many graphics and estimation 
features by

• fitting exponential, Weibull, or 
LogNormal distributions

• providing plots for each fit

• providing survival, density, and 
 hazard functions

• testing homogeneity between 
groups via the log rank and 
Wilcoxon tests

• analyzing competing causes

A JMP exponential plot.

Fit Parametric Survival 
Parametric survival fits a survival dis-
tribution scaled to a linear model. You 
can choose from exponential, Weibull, 
and Log-normal. The estimation 
uses an iterative maximum likelihood 
method.

Nonlinear
Alternatively, you can fit a nonlinear 
model. JMP allows you to create an 
equation that represents a loss func-
tion adjusted for censored observa-
tions. You can then use this function to 
estimate the parameters using maxi-
mum likelihood.

JMP also includes a sample library of 
ready-made tables with loss functions 
already in them, such as exponential, 
Weibull, and log-logistic functions. 

You paste data into the table, run 
the Nonlinear analysis, and give the 
parameters initial values. JMP takes 
care of the rest.

Fit Proportional Hazards 
(Regression Models)
JMP lets you define proportional haz-
ard models for a failure time response 
with right- or interval- censoring and 
covariates. Proportional hazard models 
are popular regression models for sur-
vival data with covariates. 

JMP’s proportional hazards reports.

The regression parameters associated 
with the explanatory variables and their 
standard errors are estimated using the 
maximum likelihood method. JMP also 
computes the conditional risk ratio (or 
hazard ratio) and its confidence limits 
from the parameter estimates.

Survival Data
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Reliability data needs to be analyzed 
using specialized methods for two 
reasons:

• The survival times have specialized 
non-normal distributions, like the 
exponential, Weibull, and lognormal.

• Some of the data could be cen-
sored—that is, you don’t know the 
exact survival time, but you know 
that it is greater than a specified 
time (right-censored) or within an 
interval of time (interval-censored). 
Censoring happens when the study 
ends without all the units failing, or 
when a unit is removed from the 
study before the study finishes. 
If the censored observations are 
ignored, the analysis is biased.

An Example
An example from Meeker and 
Escobar1 describes a fleet of 41 diesel 
engines. The data are engine age (in 
days) at the time that a valve seat was 
replaced.

JMP uses a data column to mark 
which observations are censored.

Obtaining the reliability analysis in JMP 
is simple. Specify Time as the time to 
event (the event being failure) and the 
censor column as the one holding the 
censoring information.

JMP then draws a failure plot, show-
ing summary information, a display of 
failure probabilities, and their standard 
errors.

The next step is to explore distribu-
tional fits. You do this by clicking the 
red triangle icon and selecting one of 
JMP’s fitting commands.

If you choose to fit a Weibull distribu-
tion, JMP will display the report shown 
below. You can use this plot to judge if 
the distribution fits well.

Since the fit is reasonable and the beta 
estimate is near one, you can con-
clude that this looks like an exponen-
tial distribution, which would have a 
constant hazard rate. In JMP, you can 
get three views of the distributional fit: 
survival, density, and hazard curves.

Reliability Analysis

A JMP failure plot.

Weibull fit and plot.

Three views of the distributional fit can be displayed using the Fitted Distribution Plots command.

1 Meeker, W.Q. and Esobar, L.A. (1998), Statistical 
Methods for Reliability Data, pp. 60-62, New York: 
John Wiley and Sons.
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Accelerated tests have become 
increasingly important as products’ 
time-to-market decreases. One impor-
tant type of test is the accelerated life 
test, where units are stressed to make 
them fail more rapidly.

The data shown in the figures below 
is temperature-accelerated lifetime 
data for an unnamed device. It uses 
the Arrhenius model and is taken from 
Meeker and Escobar1.

When the data is entered into JMP, 
the Bivariate platform gives an initial 
view of the data, plotting log(hours) 
by temperature (in degrees Celsius). 
Censored points—those that did not 
fail during the test—are designated by 
a “z” marker. 

Device-A data with censored observations.

The above plot reveals that units fail 
sooner at higher temperature levels. 
Since there is heavy censoring at 
some temperatures, the appropriate 
model is not immediately apparent. 
As recommended by Meeker and 
Escobar, distributions to the data were 
fit at separate levels of the temperature 
variable.

JMP gives a Weibull probability plot 
and a lognormal probability plot. Both 
are reasonable fits, but the lognormal 
gives a better fit for the individual 
probability groups.

Weibull probability plot.

Lognormal probability plot.

Continuing this strategy involves fitting 
a single model using a regressor for 
temperature. The regressor, labeled 
x, is the Arrhenius transformation of 
temperature calculated by a formula 
stored in a data table column:
              11605
Temperature + 273.15

Selecting JMP’s Fit Parametric 
Survival option provides output shown 
in the following figure.

Parametric survival output.

The output shows tests of the ade-
quacy of the model and a plot of the 
0.1, 0.5, and 0.9 survival quantiles as a 
function of temperature.

With the fitted model, we can now 
obtain estimates of the survival prob-
abilities for times beyond our test. JMP 
prompts for the times (for instance, 
10,000 and 30,000 hours) and pro-
duces survival and failure probabilities, 
along with 95% confidence intervals 
for an x of 40.98, which corresponds to 
a temperature of 10 degrees Celsius.

Reliability: Accelerated Testing

Probabilities for the estimate of survival.

1 Meeker, W.Q. and Esobar, L.A. (1998), Statistical Methods for Reliability Data, pp. 60-62, 
New York: John Wiley and Sons.
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In any structured quality program (such 
as Six Sigma), it is important to look 
at special causes of failure. Knowing 
how a product fails is important, and 
a careful statistical analysis of these 
causes can help in eliminating them.

Sometimes there are multiple causes of 
failure in a system. If the different causes 
are independent, the failure times can 
be modeled by an estimation of the 
survival distribution for each cause. 
These multiple causes are frequently 
termed competing failure modes or 
competing causes. JMP’s reliability 
analysis allows you to explore the effect 
on the system when causes are omitted.

An Example
Nelson1 gives an example of a small 
electrical appliance that has several 
causes of failure. The objectives of the 
analysis are to

• identify which causes of failure are 
most prevalent

• explore the survival distribution if 
these failure causes were corrected

One way of identifying the leading 
cause of failure is through a Pareto 
plot. JMP’s Pareto plot of the appli-
ance’s failures clearly shows cause 
nine as an area on which to focus. 

A Pareto plot.

The initial reliability analysis shows a 
survival plot that is steep, with many 
failures between 2,000 and 3,000 hours. 

Initial analysis.

With competing causes, each cause 
of failure can have a separate failure 
distribution. Each failure becomes a 
censored time for all the causes that 
are not the cause of failure for that par-
ticular event. You could analyze this by 
creating separate censoring columns 
for each cause. However, JMP has a 
command that will do all this automati-
cally, estimating the Weibull distribu-
tion for each cause.

Alpha is the estimate of the 63.2% 
quantile of failure time. Cause nine in 
the example below stands out with 
17 observed failures and a low alpha 
estimate.

What would change if cause nine were 
eliminated? By selecting a single JMP 
menu option (Omit Causes) you can 
omit one or more causes. After omit-
ting cause nine, the estimated Weibull 
curve and the hazard plot both change 
to reflect the omission.

Competing causes report.

Competing causes report with cause nine 
omitted.

The value of fixing cause nine is now 
apparent. The operational gain per unit 
is roughly the area between the origi-
nal survival curve and the new curve 
omitting cause nine.

Reliability: Competing Causes

1 Nelson, W. (1982), Applied Life Data Analysis, New York: John Wiley and Sons.
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Recurrence analysis analyzes event 
times like survival or reliability analysis, 
but recurrence analyses contain events 
that can recur several times for each 
unit. Typically, these events are when 
a unit breaks down and needs to be 
repaired then placed back into service. 
The units are followed until they are 
ultimately taken out of service. 

The goal of recurrence analysis is to 
obtain the MCF (Mean Cumulative 
Function), which shows the total cost 
per unit as a function of time, where 
cost can be just the number of repairs, 
or it can be the actual cost of repair.

An Example
An example from Meeker and 
Escobar1 describes a fleet of 41 diesel 
engines. The data are engine age (in 
days) at the time that a valve seat was 
replaced. When the data are placed in 
JMP, an event plot shows the times for 
repair on each of the systems.

Event plot.

The MCF plot appears automatically 
with the recurrence analysis.

MCF plot.

After you have received the plot above, 
you can produce confidence intervals, 
as shown on the fit below.

MCF plot with confidence intervals.

As shown in the above plot, the confi-
dence intervals are quite wide for the 
later times. A look back at the data 
shows that there were only two units 
under observation at these times, 
making the estimate more uncertain.

The MCF estimates, their standard 
errors, and confidence intervals are 
available in text form as well.

Text table provided alongside MCF plots.

Furthermore, if you have a grouping 
variable, you can create a plot of the 
difference of MCF's, including a 95% 
confidence interval for that difference. 
The MCF's are significantly different 
where the confidence interval lines do 
not cross the zero line.

Recurrence Analysis for Repairable Systems

1 Meeker, W.Q. and Esobar, L.A. (1998), Statistical Methods for Reliability Data, pp. 60-62, 
New York: John Wiley and Sons.
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JMP offers several methods designed 
to measure and monitor quality con-
trol. These methods are control charts, 
including

• X
-
, R-, X-, MR-, and s-charts

• UWMA and EWMA charts

• p-, np-, u-, and c-charts for 
 attributes

• one- and two-sided CUSUM charts

• Leyey-Jennings plots

Example of a JMP quality control chart.

All control charts in JMP allow you to 
specify known statistics ahead of time 
if you have historical data about the 
process.

JMP can handle historical data.

In addition, JMP can analyze unequal 
batch sizes.

OC Curves
JMP has built-in scripts for plotting 
operating characteristic curves. These 
curves show graphically the probability 
of not detecting a shift to a given num-
ber of non-conformities. The scripts 
are interactive, so you can change 
the values of the LCL and UCL and 
instantly see the effect of your change.

A chart showing operating characteristics.

Capability Analysis
You can obtain a capability analysis of 
your process. There are four ways of 
specifying sigma for the analysis

• long-term

• specified, or imported from control 
chart

• short-term, grouped by fixed 

subgroup size

• short-term, grouped by variable

A capability analysis.

Instrument Friendliness and 
Real-Time Information 
You can connect a measuring instru-
ment to a serial port and have a script 
direct the data to extend a data table. 
Each time the instrument makes a 
measurement, it creates the script. 
This happens in real time as measure-
ments are made. Each time a batch of 
measurements is added (usually 5-20), 
JMP adds a point to the Shewhart 
chart. If the chart needs more space, 
JMP contracts the scale and reformats 
the plot.

Out-of-Control Alarm 
If a process goes out of control 
as defined by any combination of 
the available criteria (the “Western 
Electric” rules or the Westgard rules), 
then JMP can call a script to play a 
message, show a message in a win-
dow, or email a message to a person 
or pager for immediate attention. 

Pareto Charts 
JMP provides a complete comparative 
Pareto charts implementation, includ-
ing two-way comparative charts.

A Pareto chart.

Quality Control
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Measurement systems analysis is an 
important step in any quality control 
application. Before studying the pro-
cess itself, it is important to make sure 
that the variation due to measurement 
errors is small relative to the variation 
in the process. If most of the variation 
you see comes from the measuring 
process itself, then you aren’t learning 
reliably about the process.

The instruments that take the mea-
surements are called gauges, and 
the analysis of their variation is 
a Gage R&R (Repeatability and 
Reproducibility) study, which examines 
the following quantities:

• The process variation, from one part 
to another. This is the ultimate varia-
tion that you want to be studying if 
your measurements are reliable.

• The variability inherent in making 
multiple measurements—that is, 
repeatability.

• The variability due to having different 
operators measure parts—that is, 
reproducibility.

Although there are some approaches to 
Gage R&R that use ranges to estimate 
variability, JMP implements Gage R&R 
studies through its variability charts. 
This method uses the variance compo-
nent method, which allows for estima-
tion of operator by part interactions.

In the same way that a Shewhart con-
trol chart can identify processes that 
are going out of control over time, a 
variability chart can help identify oper-
ators, instruments, or part sources that 
are systematically different in mean 
or variance. By default, JMP shows a 
range chart of the measurements and 
a chart showing the standard devia-
tions of each measurement.

Measurement and standard deviation 
charts.

From these charts, you can request a 
variance components analysis. Since 
operator and part are regarded as 
random effects, variance components 
can be estimated for them and their 
interaction.

Analysis of variance and variance 
 components.

In addition, you can generate a Gage 
R&R report. You can specify any σ 
multiplier (frequently equal to 5.15) 
and, optionally, values for the tolerance 
interval (USL–LSL). 

Gage R&R report.

Note that in this report, values 
(repeatability, reproducibility, and so 
on) are calculated from the variance 
components.

JMP provides additional information: 
the discrimination ratio. The discrimi-
nation ratio characterizes the relative 
usefulness of a given measurement 
for a specific product. It compares the 
total variance of the measurement with 
the variance of the measurement error.

Discrimination ratio report.

Measurement Systems
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JMP offers several types of classi-
cal designs that you can use in your 
experiment.

Screening Designs 
Screening experiments separate the 
group of factors having a significant 
influence on the response from the 
rest of the factors. JMP supplies a 
list of screening designs for an unlim-
ited number of factors and designs 
that group the experimental runs into 
blocks of equal sizes where the size is 
a power of two.

Screening design output options.

Response Surface Designs 
JMP offers the Response Surface 
Methodology (RSM) technique to help 
you find the optimal response within 
the specified ranges of the factors. 
These designs are capable of fitting a 
second order prediction equation for 
the response.

Space Filling Designs
JMP contains this powerful tool for 
modeling complex, nonlinear systems. 
Space filling designs are useful for 
developing simpler approximations 
of a complex computer simulation 
models. These designs are also useful 
for modeling deterministic systems, 

where the relationship between input 
and output variables are unknown but 
thought to be highly nonlinear.

Full Factorial Designs 
These designs contain all possible 
combinations of a set of factors. JMP 
supports both continuous and cat-
egorical factors with up to nine levels.

Taguchi Designs 
These designs help you find control 
factor settings that generate accept-
able responses despite natural envi-
ronmental and process variability. JMP 
supports the standard features of the 
Taguchi method, including inner and 
outer array designs, control and noise 
factors, and signal-to-noise ratios.

Mixture Designs 
JMP offers a way for you to design a 
set of factors that are ingredients in a 
mixture. You choose among several 
mixture design approaches, such as 
simplex centered, simplex lattice, and 
extreme vertices.

Furthermore, JMP has specialized 
tools for building designs using a set 
of factors that are ingredients in a 
mixture.

Augment Designs 
JMP can add new runs to existing 
designs with the options of adding 
center points, replicating the design, 
creating a foldover design, adding 
axial points, or using a model that has 
more terms than the original model. 
Adding runs to a design is powerful 
because you can achieve the objec-
tives of response surface methodology 
by changing a linear model to a full 
quadratic model and adding the nec-
essary number of runs. For example, 

suppose you start with a two-factor, 
two-level, four-run design. If you add 
quadratic terms and five new points to 
the model, JMP generates the three-
by-three full factorial as the optimal 
augmented design.

Sample Size and Power 
JMP computes power, sample size, 
or the effect size you want to detect 
given a significance level and error 
standard deviation. You supply two of 
these values and the JMP computes 
the third. If you can only supply one of 
these values, JMP gives a plot of the 
other two. 

A JMP graph showing sample size.

Six Sigma Calculator
JMP also provides a Six Sigma Quality 
Level calculator. This provides you 
with a convenient way to get the 
sigma-level of your process.

Factors and Responses
Once a design has been specified, 
the factors, responses, and con-
straints can be saved for later use. 
Furthermore, responses can be simu-
lated. This is useful in testing designs 
or in teaching situations.

DOE: Classic Designs
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Rarely is a pre-defined design an exact 
match for your unique industrial pro-
cess. You usually have to modify the 
process description to suit the design 
or make ad hoc modifications to the 
design so it models your process bet-
ter. To give you the flexibility to tailor 
a design to match your specific cir-
cumstances, JMP offers the custom 
designer. You describe the process 
variables and constraints, then JMP 
tailors a design that fits.

The Custom Designer tailors a design to fit 
your needs.

This approach is general and requires 
less experience and expertise in sta-
tistical design of experiments. When 
creating designs with the custom 
designer, you can

• mix factor roles as required by your 
engineering situation, such as hav-
ing non-mixture factors in a mixture 
experiment

• add factors with any role in any 
experiment

• have categorical factors with as 
many levels as you need

• specify any number of runs per 
block

• have any design with continuous or 
categorical covariate factors (factors 
whose values are fixed in advance of 
the experiment)

• disallow certain regions of the factor 
space by defining linear inequality 
constraints

Custom designs generate an appropri-
ate design for the requirements you 
specify. In cases when a classic design 
(such as factorial) are optimal, JMP finds 
them. Therefore, custom designs serve 
any number or combinations of factors.

After generating a design, JMP gives 
you a Prediction Variance Profiler to 
use as a diagnostic tool to assess 
the quality of the design. You can use 
this tool to compare many candidate 
designs and choose the one that best 
meets your needs.

How Does the Custom Designer 
Work?
You can use the custom designer for 
routine factor screening, response 
optimization, and mixture problems. 
It uses the following approach to help 
you customize your design.

The custom designer starts with a 
random design with each point inside 
the range of each factor. The computa-
tional method is an iterative algorithm 
called coordinate exchange. Each iter-
ation of the algorithm tests every value 
of every factor in the design to deter-
mine if replacing that value increases 
the optimality criterion. If so, the new 
value replaces the old. Iteration contin-
ues until no replacement occurs in an 
entire iterate. 

To help ensure the solution is a global 
(rather than local) optimum, the whole 
process is repeated several times 
using a different random start. The 
designer displays the best of these 
designs.

If a design problem has several equiv-
alent solutions (designs with equal 
precision for estimating the model 
coefficients as a group), the design 
algorithm can generate different, but 
equivalent, designs.

I-Optimal Designs
JMP allows you to employ an I-
Optimal design, which improves 
predictions in response-surface 
settings. I-Optimal are the default 
for RSA designs.

Supersaturated Designs
In some cases, there are more  factors 
that need to be explained than obser-
vations. Traditionally, this was an 
impossible situation. 

However, JMP has the ability to gen-
erate supersaturated designs, which 
can, for example, examine dozens of 
factors using less than half as many 
runs using Bayesian D-Optimality.

Mixing Factor Roles
The ability to mix factor roles is what 
makes custom designs so flexible. 
Preformulated designs rely on the 
assumption that the experimenter 
controls all the factors. JMP's custom 
designer is flexible enough to allow 
you to include all design factors that 
affect experimental responses.

Split Plot Design and Analysis
Sometimes split plot experiments 
are not recognized nor analyzed cor-
rectly. The common trait in split-plot 
designs is that a factor is constant 
within a block but not across blocks, 
which means there is a restriction on 
the randomization of runs. In JMP, you 
specify a whole plot identifier effect in 
the model and declare it as a random 
effect. Everything else is automatic. 
JMP can then design an optimal split-
plot experiment and analyze any split 
plot data with the best statistical meth-
ods and with a minimum of expertise 
required from the user.

DOE: Custom Designer
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Item Response Theory (IRT) is a 
method of scoring tests of ability, 
such as educational achievement 
tests. Although classical test theory 
methods have been widely used for a 
century, IRT provides a better, more 
scientifically-based scoring procedure. 
Advantages include

• scoring tests at the item level, giving 
insight into the contributions of each 
item on the total test score

• producing scores of both the test 
takers and the test items on the 
same scale

• identifying which questions or items 
yield the most information about 
ability

• accounting for not only the total 
number of correct answers, but the 
quality of the correctly-answered 
questions

Item Characteristic Curves
IRT models the probability of getting a 
question correct based on the trait or 
ability being measured. This probability 
is expressed graphically in JMP with 
Item Characteristic Curves (ICCs).

Item characteristic curve in JMP.

The ICCs appear in an array for easy 
comparison.

Furthermore, JMP implements 1PL, 
2PL, and 3PL models. 

Information Curves
In addition to ICCs, JMP plots infor-
mation curves (light gray in the array 
of plots below). These curves give you 
an idea of which ability levels the item 
measures the best. JMP also displays 
the sum of all the information curves, 
giving you an idea of the ability levels 
for which the entire test is appropriate.

Total information curve in JMP.

The total information curve can be 
used in conjunction with the individual 
item curves to tailor-make a test for 
certain ability levels. The example 
above gives the most information for 
examinees that have slightly below 
average ability. If more information is 
needed at other ability levels, ques-

tions can be added to increase the 
information at those levels.

Dual Plots
The information gained from item diffi-
culty parameters in IRT models can be 
used to construct an increasing scale 
of questions, from easiest to hardest, 
on the same scale as the examinees. 
This structure gives information on 
which items are associated with low 
levels of the trait, and which are asso-
ciated with high levels of the trait.

JMP shows this correspondence with 
a dual plot.

Item Response Theory (IRT)

Questions

Examines
Distribution 
of examinee 
abilities

An array of ICC (blue) and information curves (gray).
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JMP’s philosophy recognizes that it is 
easier to interpret graphical represen-
tations of statistics rather than tables. 
In addition, point-and-click interfaces 
are more intuitive than complicated 
programming languages.

An example of this philosophy is JMP’s 
profiler. For models that involve a com-
plicated surface (such as a quadratic 
response surface design or a neural 
net), the profiler allows you to view 
prediction traces (slices through the 
response surface), adjust the values 
of these traces, and calculate optimal 
values of the x-values. It allows you to 
change one variable at a time and see 
its effect on the other variables.

The profiler shows the current value of the 
response, which changes as the x-values 
change.

Since the traces are displayed graphi-
cally, you can quickly evaluate the fac-
tors’ effect on the model.

• The importance of a factor can be 
assessed to some extent by the 
steepness of the prediction trace. If 
the model has curvature terms (such 
as squared terms), then the traces 
can be curved.

• If you change a factor’s value, then 
its prediction trace is not affected, 
but the prediction traces of all the 
other factors can change. The Y 
response line must cross the inter-
section points of the prediction 
traces with their current value lines.

Prediction profiles are especially useful 
in multiple-response models to help 
judge which factor values can optimize 
a complex set of criteria.

Desirability Profiling
Often there are multiple responses 
measured for each set of experimen-
tal conditions, and the desirability of 
the outcome involves several or all of 
these responses. For example, you 
might want to maximize one response, 
minimize another, and keep a third 
response close to some target value. 
In desirability profiling, you specify a 
desirability function for each response. 
The overall desirability can be defined 
as the geometric mean of the desir-
ability for each response.

Once the desirability functions are set, 
JMP can automatically find the optimal 
settings for each factor.

JMP makes optimizing values simple. 
The desirability profiles are set easily 
by dragging curves to their desired 
values, and the Maximize Desirability 
command quickly finds their optimum 
settings.

The Profi ler

This example's curves were dragged to 
their desired values and the optimum 
 setting found.

Set to hit 
target value

Overall 
desirability

Desireability 
traces for 
each factor

Set to maximize
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