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Visualization with IMP® —

The Overlay, Spinning, Surface, and Contour Plots
By Mark Anawis, Abbott, Abbott Park, IL, U.S.A.

Abstract

The starting point for analysis should always be a graphical representation of the data. Graphics
are a valuable tool for exploring and summarizing data. They often uncover patterns (e.g.
clusters and outliers) and provide strategies for further analysis. These strategies may involve
segmentation and/or analysis with and without outliers. Several of the plot platforms found in
JMP® v.8": the Overlay, Spinning, Surface, and Contour Plots are useful in creating an
understanding and conveying an understanding of data patterns.

Introduction

The starting point for analysis should always be a graphical representation of the data.
Graphics are a valuable tool for exploring and summarizing data. They often uncover patterns
(e.g. clusters and outliers) and provide strategies for further analysis. These strategies may
involve segmentation and/or analysis with and without outliers. This brief presentation will serve
as an introduction to visualization using several of the plot platforms found in IMP®: the
Overlay, Spinning, Surface, and Contour Plots. These plots are found under the ‘Graph’ menu.
We will be using version 8 of JMP® for this presentation, and all manipulations described here
may be found in the JMP® online manual: the User’s Guide (predominantly in the ‘Graph
Menu’).

The Overlay Plot creates plots of one X variable and multiple Y variables shown on a single
X axis or multiple X axes. If two different scales are used for the Y axis, they can still be
overlaid by using a right axis. Although the X variables can be Numeric or Character Model
Types, the Y variables must be Numeric. It is important to understand that regression can not be
performed using this platform. The “Fit Y by X’ should be used instead.

The Spinning Plot displays a 3-D view of points for three variables at a time from the
columns selected. It is located under the Scatterplot 3D platform. It also performs an
approximation of higher dimensions through principal components. It gives factor analysis style
rotations of principal components which correspond to variable direction clusters.

The Surface Plot displays a 3-D view of surfaces for two variables at a time from the
columns selected. It can display sheets, points, isosurfaces, or density grids. It also functions as
an option in model fitting.

The Contour Plot shows contours of a response in a rectangular coordinate system. It allows
several options including specifying the number of contour levels, line or filled contours, show
points, label contours with response values, coloring schemes, and saving contour construction
information in a data table.



Overlay Plot
Two Variables on a Single Y-axis

We will use the Spring.JMP®? file. The data table is a sample of weather in Raleigh NC for
the month of April, obtained from the weather service. It has a row for each day in April which is
denoted in the column “April’. We are interested in comparing humidity at different times of the
day during the course of the month. Launch JMP® and select ‘File’, “‘Open’, and ‘Spring.jmp’.
It is located in the folder:

C:\Program Files\SAS\UIMP\8\Support Files English\Sample Data.

The data file appears as follows:
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Select ‘Graph’ and ‘Overlay Plot’.



You will see the following launch dialog:
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For Y, select “‘Humid1:PM’ and ‘Humid4:PM’. For X, select April. The arrows signify on
which X axis the variable appears. To put one of the Y variables on the right-hand axis, click on
it in the Y role and click the ‘Left Scale/Right Scale’ button. Since these use a similar scale, we
will leave them on the same left-hand Y axis. It will appear as follows:
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Select ‘OK”.
It will appear as follows:



'= IMP (ABBOTT LABORATORIES) - Spring- Overlay Plot of Humid1:PM, Humid4:PM by April

File Edt Tables Rows Cols DOE Analyze Graph Tools Wiew  Window Help

1=

A0 gAdg ' &k 220Me pa +0050 O [om

- =10l x|
= Spring 0\ = | ;I
Be -
" :oikea: _“spring- Overlay Plot of Humid1:PM, Humid4:PM by April =10 5[ RIESSUTE il
ofes (e e e = 286
W |i= [y | ¥ = Overlay Plot 0 3051
Ril= overl 10077 7 294
Gi
=l 9 + i 5 2821
l a0 O 1 29,32
o + 6 1 2933
D &0 i 28.3
= Colur
T O O O i 39.31
5 th mon
i mon 704 + + 0 28.33
7L ety + i 28,41
A Tem| + god Q b 3936
A April 0 E_'j O+ 3 28.38
A Hur O + 0 28.58
 Hure e + +
o) o + o 1 2971
A Prec QO
A Pra 40| + QQ dj 4 29.4
7 29.08
dl wDi @] o] ® 3 70
A whit 20 99 O + Q
l wrsy +O o) 9 26.33
A sk 20 +7+ P+o Il 245l
n T T T T T T T 1 0 29.56
i 5 10 15 20 25 30 35 1 28.53
= Raw April 0 29.51
Alrows| ¥ O Humidl:PM  + Hurnid4:PM 1 29.53
Selecte o1 29,34
Excluded 0 25 53 25 83 B6 0.02 29,52
Hidden a 6 a4 6 46 7 0.00 2967
Labelled o 27 55 27 24 23 0 28.64
= = = o = 7 e [
Kl | I
T [

&jstart| G a8

l!:r) Mark A Anawis - Inbozx... | @ Instant Messaging Co... I 1) MPClassInfo

| ) Lo _viusization_p... | [ 3mp (aBBOTT LABO... @| 3 |« 9:22 4M

There is a legend at the bottom of the plot which identifies the markers and colors which

identify each Y variable. From a review of the plot, we can see that the two humidity readings 3

hours apart generally track together and that one reading is not consistently higher than another.
Most of the changes in humidity are due to daily differences.




Two Variables with a Second Y -axis

Open the ‘Stock Prices.jmp® file. This data contains a stock’s opening, closing, high and low
prices along with volumes for different dates. It will appear as follows:
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Although the prices and volumes are of different scale, we can still use the overlay plot, but with
two different axis. Select ‘Graph’, ‘Overlay Plot’ and assign ‘High’, ‘Low’, Close’, and
‘Volume’ as Y. Select “Volume’ and click ‘Left Scale/Right Scale’. Select ‘Date’ as X. It will
appear as follows:
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Select ‘OK.
It will appear as follows:
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This plot show two stock price drops whereas the volume remains consistent over the duration of
the plot.



Grouping Variables
Several plots can appear in one window through the use of grouping variables. Using one
grouping variable, the plots will appear stacked. Using two grouping variables, the plots will
appear as a matrix. The *Separate Axes’ option shows plots with their own axes.

Open file ‘Big Class’. This data set contains class information for students including sex, height,
and weight. It will appear as follows:
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Select “‘Graph’, “‘Overlay Plot” and assign ‘height’ as Y , ‘weight’ as X, and ‘age’ and ‘sex’ as
grouping variables. It will appear as follows:
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Select ‘OK’.

It will appear as follows (Note: only a portion of the plot is displayed):
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Although this may be useful in some situations, where there are too few points and many graphs
such as in this situation, it would be better to have all the points in one graph to identify
relationships. Select ‘Overlay Plots” and ‘Overlay Groups’. It will appear as follows:

¥ IMP (ABBOTT LABORATORIES) - [Big Class- Overlay Plot of height by weight] — (ol <]
2 File Edit Tables Rows Cols DOE  Analvze Graph  Tools  View Window  Help == =]
8 = = L @Ak 2 @D 2 A+ T = 5 O [eedes =] ]
Wnciows - ox 9E’Owerla}{ Plot ]
P JMP Starter = i
=] Big Class
1 Big Class- Overlay 70— v >
A d
= 2" o
65— * F* v A
AT E
=) o 2 <
2 oo A + < o* O +
x (o]
<
55— < o
o
505 ! | ! 1
60 a0 100 120 140 160
weight
Groups O —age=12, sen=F

+ —age=13, sex=M
© — age=13, sex=F
—— age=13, sex=M
—age=14, sex=F

v —age=14, sex=h
age=15, sex=F

= ——age=14, sex=M
s — age=18, sex=F
age=16, sex=

<1 ——age=17, sex=F

4| | » - ——age=17, sex=M

I | T
@& Startl (e ] i) Mark & Anawis - Inbo... | (3 Instant Messaaing ED...I (3 Sampls Data | ] GLIUG_visualization_... ||§, JMP (ABBOTT LABO... [Z) ‘ = |« ~1 1:51PM

This is more informative, but it would be better if sex and age were more easily identifiable.
Let’s go back to the data table. We will give males and females different markers and create a
gradient for age. Select a cell with *‘M’. Next to Row red arrow, select ‘Row Selection’ and
‘Select Matching Cells’. Next to Row red arrow, select ‘Markers’ and “Y’. All males will be
marked by a “Y’. Next to Row red arrow, select ‘Row Selection’ and ‘Invert Row Selection’.




Next to Row red arrow, select “‘Markers’ and “X’. All females will be marked by an *X’. To
create a graph, select ‘Fit Y by X’. Select “‘height’ as ‘Y, Response’ and ‘weight’ as ‘X, Factor’.
Select ‘OK’. To add a gradient of colors by age, right-click inside the graph and select ‘Row
Legend’. Select ‘age’ and for ‘Colors:’, select ‘White to Red’. Select ‘OK"’.

It will appear as follows:

i & IMP (ABBOTT LABORATORIES) - [Big Class- Fit ¥ by X of height by weight] _(ol x|
P_: File Edt Tables Rows Cols DOE  Analyze Graph Tools Wiew Window Help - ﬁ'lﬂ
DG A 0@k ?2 20 N 2A +T50 Of[bads = |
Windowes v ox Q[@ Bivariate Fit of height By weight

] 0P Starter i
[+ [1us] Big Class age
~¥x Big Class- Fit ¥ by 12
13
70 Y
14
® 15
Y Y ®is
Y ®I7
hid
65| W
X
i K Y X
=)
-
=
60— x
55
50 T T T T T
60 a0 100 120 140 160 180
weight
4| »
I I T
tﬁstartl B a8 (57 Mark & Anawis - Inbo. .. | Instant Messaging Co...l |3 Doc Error Charts | ) GLIUG Yisualization_.. ”E':;. IMP (ABBOTT LABD... [7) ‘ = |« T 4:33PM

We can see that among students over 120 Ibs and over 65 inches, most are males and that the
older students are also taller and heavier as we would expect.



Spinning Plots

We will use the Solubility.jmp? file. Select “File’, ‘Open’, and “Solubility.jmp’. For this data set,
chemical compounds were measured for solubility in different solvents. This table shows the log
of the partition coefficient (logP) of 72 organic solutes in 6 aqueous/nonpolar systems. The data

file will appear as follows:

=1
File Edit Tables Rows Cols DOE  Analyze Graph Tools Wiew window Help
N0 ADdS L@k 2 8o e 2A + 0S5 O [subie =
wWindows Ml i Solubility
: ;Z,':;Ef;ter = Solubility 0\\\
Locked File CAProgram Filesi\S.|[ = T Labels 1-Octancl Ether Chloroform Benzene
Motes Chernical compounds 1 [METHANGL -0.770 -1.150 -1.260 -1.880
Source Koehler, M. G., Grigoras 2 [ETHAMOL -0.310 -0.570 -0.850 -1.620
= Distriutian 3 |PROPANOL 0.250 -n.ozo 0,400 -n.7on
gscanerpl3D 4 |BUTANOL n8an naan 0450 -n1z0
5 [FENTANOL 1.560 1.200 1.050 0.520
B [HEXAMNOL 2.030 1.800 1.690 1.300
7 [HEPTANOL 2.410 2.400 2.410 1.910
8 [ACETIC_ACID -0.170 -0.340 -1.600 -2.360
9 [FROFIONICACID 0.330 0.270 -0.860 -1.350
= Columns (710) 10 [BUTYRICACID 07490 0610 -0.270 -0.960
& Labelsd 11 |HEXANOICATID 1.920 1.950 1.150 0.300
A 1-Octanal 12 | PENTANOICACID 1.390 1.000 0.280 -0.100
A Ether 13 | TRICHLOROACETICA 1.330 1.210 -0.580 -1.300
4 chioroform 14 | DICHLOROACETICAG! 0.320 1.310 -0.890 -1.400
4l Benzene 15 | CHLOROAGETIGACID 0.220 0.370 -1.920 -1.800
4 Carbon Tetrachloride 16 [METHYLACETATE 0180 0.430 1160 0.530
4 Hexane 17 [ETHYLACETATE 0.730 0.930 1.800 1.010
18 |ACETOME -0.240 -0.210 0.240 -0.050
19 | ETHYLAMINE -0.300 -1.180 -0.350 -1.300
20 | PROPYLAMINE 0.280 -0.540 0.260 -0.520
= Rous 21 | TRIMETHYLAMINE 0.270 -0.260 0.540 -0.290
All rowes 72 22 | N-BUTYLAMINE 0.740 0110 0.560 -0.080
Selected 0 23 | DIETHYLAMIMNE 0.570 -0.070 0.810 -0.050
Excluded a 24 | PYRIDINE n&an naan 1 4an ndin
I Y 26 | AMILINE 0.800 0.850 1.420 1.000
Labelled o
26 | PHENOL 1.460 1.640 0.370 0.360
27 |BENZOICACID 1.870 1.890 0.500 0.210
= So lacmzanine nean nnan naan AT
Ready o e

Astart| (3 & () Mark & Ana... | (5) Instank Mess... | £ MpClsssinfo | 8] 610G _visua... | [ 3mP (ABBO... | [ 3P 8.0.1 Help | ) 3P Stat Gra... | [« 215y ze7pm

Select ‘Graph’, “Scatterplot 3D’ and all the variables as “Y, Columns’. This allows you to select
different groups of 3 later. If you specify a “Weight’ variable, it will draw the points as balls with
their volumes scaled by the “Weight’ variable. Select ‘OK’.
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It will appear as follows:

. IMP (ABBOTT LABORATORIES) - Solubility- Scatterplot 3D
File Edit Tables Rows Cols DOE Analyze Graph Tools Wiew ‘Window Help
D0 EFAdd fa k2 %@ 0 PR+ TS 5 O [sohbiey =
Windows v ox _ ol x|
&3 o carbon_ 2]
3 sty Scatterp [>Scatterplotad | pemenc |Tetiachiori:
-1.880 -210
-1.520 -1.40
-0.700 -0.82
-0.120 -0.40
0.620 0.40
1.300 0.98
1.810 1.67
-2.260 -2.45
-1.350 -1.60
| -0.960 -0.97
= 0.300 0.57
a1 -0.100 -0.42
dE -1.300 -1.68
4 c -1.400 -2.31
4 E -1.600 -2.56
o c 0.530 0.32
-+ 1.010 0.95
-0.050 -0.30
-1.300 -1.27
L -0.520 -0.58
=R -0.280 -0.08
All re -0.080 -0.04
Sele -0.050 0.03
E’I‘;‘c 0410 023
Tt 1.000 0.60
0.360 -0.38
0.210 0.22
Data Columns v||1-Octann\ vllElher vllch\nrnﬂjrm vl E] nFan 1 Ea T
i =[]

4| | 3

I I

ty‘startl & &

(i) Mark A Ana... | @5) Instant Mes... | ) MPciassinfe | 3] GLaug_visu... |[E me (asso. 2 P 8.0.1 Help | T WP stat Gra... | E,m
Initially, the first three variables are plotted, but others may be selected from the bottom axis
controls. Normal Contour Plots can be drawn at a specified percentage of coverage and with a

specified transparency (0 = transparent, 1 = opaque). Either a single shell can be selected

(ungrouped option) or multiple contours based on the levels of a column (grouped option). Using

the ungrouped option with 0.95 coverage and 0.5 transparency, it will appear as follows:

the ungrouped option with 0.95 coverage and 0.5 transp

£ IMP {(ABBOTT LABORATORIES) - Solubility- Scatterplot 3D =]
File Edt Tables Rows Cols DOE Analyze Graph Tools Wiew Window Help
N0 AdS a2 2a0e 2 A +015S 0 O [shbiy |
Windows MY 15 Solubility =10l x|
E ;':E;Ete’ i  Solubility- Scatterplot 3D =10l x| Carbon =
m)_ Salubility- Scatterp] | £OC! v @Scatterplot aD Benzene | Tetrachloridi
Mote -1.890 210
Sou -1.620 -1.40
=0 -0.700 -0.82
o) -0.120 -0.40
=l
0.820 0.40
1.300 pEEl
1.810 167
-2.360 345
-1.350 160
=6l -0.960 0a7
WL 0.300 0.57
A1 -0.100 0.42
dc -1.300 168
4 -1.400 23
A E -1.600 2.58
dc 0.530 0.32
A+ 1.010 0.95
-0.050 BED]
-1.300 1.27
L -n520 059
@ -0.290 0.08
Al e -0.080 0.04
Sele -0.050 0.03
E’I‘;‘c 0.410 0.23
L6t 1.000 060
0.360 0.28
0210 0.22
Data Calumns | [1-Octanal | [Ether | [chiorafarm vl [_:] a0 v eal
Bl J |

4| B

I I T

Ejstartl @ &

'.y:r) Internet Explarer Link... | @ Instant Messaging Co... | I MPclassInfo

| L@J GLIUG Visualization_... ”Er 2 IMP Application ~
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This plot is useful for identification of potential outliers for further investigation.

A “‘Nonpar Density Contour’ is also available which draws a 95 % kernel contour around the
points for non-normally distributed data. It also has the grouped and ungrouped option, but also a
control panel with three levels of contour, transparency, bandwidth, and resolution.

To change display options, right-click inside the plot and select ‘Settings’ to produce a popup
menu which will appear as follows:

[ —————r—— =
-?I' IMP (ABBOTT LABORATORIES) - Solubility- Scatterplot 3D = DILI
File Edt Tables Rows Cols DOE Analyze Graph Tools Wiew  Window Help
AU G A f ik 220 Ne X + 050 O[St =
o < = i
- IMP Starter
: (=] 3 5
e 5 Solubilty I =10l x| Camon_ = i
- Solubility- Scatterp| |LOC! v @Scatterplot 3D ] enzene | Tetrachloridi
Mot -1.890 210
5oy -1.820 -1.40
gg “0.700 -032
:
-0 0120 -0.40
0,620 0.40
1 1.300 0.99
45 -
e 1.810 167
b ~2.260 -2.45
[ =
LT -1.350 -1.60_|
o II |1 -0.850 -0.97
| 0,300 057
:ﬁ = I l -0.100 -0.42
ac| || Settings ~1.300 -1.68
dc ~1.400 231
dE -1.600 -2.56
4 | 0.530 0.32
At 1.010 095
n -0.050 -0.30
Orthographic O - ;223 ;;;
= Perspective ' : '
=R < -0.290 -0.08
Al Marker Size I T T
Sele Marker Quality 1 050 L
= Marker Transparency N D40 023
E::JE. Text Size N 1.000 0.60
Line Width [ 0.360 -0.38
0.210 -0.22
Data Columns v| | 1-Octanal v| | Ether v| |::C_h_\_u_r_u_f6ﬂ:n __________ ;! = n7in Al
r 3 I
4| | »
|
h—

iuLJUG_Visua\izatiUn_P\Uts - Microsaft wiord
zﬁstart| G a8 {uie) Inkernet Explorer Link... | (5) Instant Messaging Co... | =3 MPClassInfo | 9] 6LIUG_Misualization_P... ”E‘.-}z IMP Application - @| = |« 3,50 PM

The settings can be reset to their original settings by selecting ‘Reset’. ‘Done’ closes the dialog
box. The walls, grids, axes, and box can be removed. Marker, graph, and text size can be
enlarged or diminished using the appropriate sliders.
Spinning the plot can be accomplished in three ways:

e Click and drag the mouse

e Keypad arrows

o Arrow keys
To spin, hold the mouse button or keys down and the spinning continues as long as the mouse
button or keys are held down. To maintain a continuous spin, Shift-click. To stop the spinning,
click inside the plot.
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Surface Plots
We will use the Tiretread.jmp?® file. Select “File’, ‘Open’, and “Tiretread.jmp’.
The data file will appear as follows:

= e oo asoraToRIEsy Trerena] i
sl File Edit Tables Rows Cols DOE  Analyze Graph Tools  Wiew ‘Window Help == =]
DO E A A v a@dk 2 2@ N 2+ =S 0 O [etread =
Aindows < [=Tiretread e = C]]

IMP Starker Lacked File CiProgram FilesiS:| = | ABRASION | MODULUS ELONG | HARDNESS | SILICA | SILANE | SULFUR i
‘- [lial Tiretread Motes fram Derringer and Suich) 1 102 a0n 470 BT.5 0.7 40 2.8
SRS F S Repenses 2 120 860 410 65 1.7 40 1.8
SRE0R) R 3 17 200 570 775 0.7 60 1.8
4 198 2294 240 74.5 1.7 60 2.8
5 103 480 640 62.5 0.7 40 1.8
[ 132 1289 270 67 1.7 40 2.8
7 132 1270 410 78 0.7 B0 2.8
3 139 1090 380 70 1.7 60 1.8
3 102 770 580 76| D.3835 50 2.3
= Columns (710} 10 154 1630 280 70| 20185 50 2.3
A ABRASION % 11 96 700 520 63 1.2 3367 2.3
Al MODULUS 3k 12 163 1540 380 75 12| B6.33 2.3
A ELONG 3k 13 118 2184 520 65 1.2 50 1.4835
4 HARDNESS 3 14 153 1764 280 71 1.2 50 3.1165
< sILICA 15 133 1300 380 70 1.2 50 2.3
< SiLANE 16 133 1300 380 §8.5 1.2 50 2.3
e 17 140 1145 430 68 1.2 50 2.3
18 142 1090 430 68 1.2 50 2.3
19 145 1260 380 69 1.2 50 2.3
20 142 1344 390 70 1.2 50 2.3
= Rows
Al rows 20
Selected o
Excluded 0
Hidden o
Labelled 0
|
= « | ImEl
Ready I
& start| [ & (40} Internet Explorer Link... | () Instant Messaging Co... | -3 JMPClassInfo | ) 530G visuslzation P... |[E 2 1P application - ()| T [« s17em

Select ‘Graph’, ‘Surface Plot” and ‘Silica’, ‘Silane’, and ‘Sulfur’ as ‘Columns’. Select ‘OK”’. It
will appear as follows:

i IMP (ABBOTT LABDRATORIES) - [Tiretread- Surface Plot] — 1ol x|
% File Edt Tables Rows Cols DOE Analyze Graph Tools Wiew Window Help —=1x|
A0 G AdS @[k 2 %@ 0 2+ 05 0 O [ =
Windows - = 0[@Suri’al:e Plot 1=

; JMP Starter ‘ [=) & Sheet, points Resolution ———— i
E1-fug| Tietread O Isosuriace [ show formula
-k Tiretread- Surface S = T=rEl
o o [n ependent Variables
X ¥ Value Gric
& O slucA ——r——— 1.2
O @ SIANE ———— s0 1
) O SULFUR ——=r——— 2.3
O Lock Z Seale
o o
9[@Dependent Variables ]
Paint Column Style Suiface Grid ¥alue
[suLFuUR w|[Points «|Bl [Both sides | | 23]
o 0 [none ! [ ! x|
1] B
[ T
fﬁstartl =] (5] Mark & Anawis - | (23} Instant Messagi. .. | 1253 MPClassInfo | J My Computer | 9] GLIUG visualiza ||E§rz IMP Applic... ~ @‘ Z e =) 454pPM

Notice that this looks a lot like the Scatterplot 3D at this point. Under ‘Dependent Variables’ and
‘SULFUR’, select ‘Surface’. It will appear as follows:
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£ IJMP (ABBOTT LABORATORIES) - [Tiretread- Surface Plot]

=101 x|
. File Edt Tables Rows Cols DOE Analyze Graph Tools Wiew Window Help =1 x|
A0 dg ik 2820 PA + 0050 O [mwewad | 1
Windaws v ox 0[@Sur'l’au:e Plot Il
éiMPtSta'dter 9[ Independent Variables i
e TiFEEFES —
-k Tiretread- Surface ) g 8 LOGE S G Val'ﬁ'g H
O O BULFUR ——r—— 23
e [ Lock7 Seale
II
|
|
=}
S| -
3 |-
W 2
II
|
i -
\ :
\ .
|
N ™
(S
o] o]
o]
ependent Variables
¥~ Dependent Variabl
Point Response Column  Style Surface Grid Walue
SULFUR v|[Surface «|Ml [Both sides 23]
none v Off v
hone £ off £
none v off v =
4| » rridl —————— 1 ]
1] | Bl
Scale data UM &
. 2} 5tart| B a8

wit) Mark & Anawis

- | Instant Messagi... | |3 IMPClassInfo

| J My Computer

| ) 6LIUG_visusliza. . ||E5, 2 IMP Applic... ~

=]

« (5] 457PM

However, a surface plot of a prediction formula with the data as points is more informative. To
generate this, go to the data table and run the script for ‘RSM for 4 responses’. Select ‘Run
Model’ at the “Model Specification’ dialog box. The analysis will appear as follows:

[ . IMP (ABBOTT LABORATORIES) - [Tiretread- Fit Least Squares 2]

=10l |
|E7] File Edit Tables Rows Cols DOE  Analyze Graph Tools Wiew ‘Window Help =] x|
A 5 A e a2 e e 2+ T = (b | [Teeas =]
Windowes ~ = [¥[= Least Squares Fit ] |
i+ T P Starter ~[~ Response ABRASION ] i
=1 (L] Tiretread
b Tiretread- Surface ~| Actual by Predicted Plot
Tiretread- Fit Leash 200
o2 Fit Model
2w Tiretread- Fit Least = 1804
Z 160
S 140
=]
= 120
=100 -
80— 7
80 100 120 140 160 180 200
ABRASION Predicted P=.0001
RSg=0.97 RMSE=5.6112
4 Summary of Fit
[ Analysis of Variance
*[Lack Of Fit
[ Parameter Estimates ]
Term Estimate StdError tRatio Prob>(t|
Intercept -40.03941  11.30547  -3.54 0.0053%
SILICA 32987289 3.073401 1073 =.0001*
SILANE 1.7880765 015367  11.64 =.0001%
SULFUR 21.813077 3.073401 710 =0001%
(BILICA-1.2y(SILICA-1.2} -16.0384 6176256  -2.60 0.0266%
(SILANE-50Y"(SILICA-1.2) 1.025 0.396775 2.58 0.0273%
(SILANE-S03(SILAME-50) -0.034471  0.015441 -2.23  0.0496%
(SULFUR-2.3)(SILICA-1.2) 28.5 7.935502 3.59 0.0049%
(SULFUR-2.3)*(SILANE-50) 1.575 0.396775 3.87 0.0026%
(SULFUR-2.3)(SULFUR-2.3)  -6.288485 G.176256 -1.02 0.3326
» Effect Tests &
21 | L2 0I Sorted Parameter Estimates I
Ready (T s
J - startl & & 4i7) Mark & Anawis - Inbo... | @5 nstant Messaging Co... | 1252 windows Explorer | 8] 6L1UG_visualization_.. ||E_=,. 2 IMP application -~ [2) ‘ =4 |« la 9:31 4m

Although we have one model for each of four responses, we will create a surface plot for the first
model — Abrasion. Select the red arrow next to ‘Response ABRASION’, ‘Save Columns’, and
‘Prediction Formula’. There is now a new column called ‘Pred Formula ABRASION’ in the data

table. It will appear as follows:
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E £ IMP (ABBOTT LABORATORIES) - [Tiretread] =10 x|
) File Edit Tables Rows Cols DOE  Analyze Graph Tools Misw ‘Window Help =1=1x|
NG Al ¥ Gk 2 &0 0F 2A+ 0050 O e = 4
Windows > = |=Tiretread o = =

<-[#] JMF Starter Locked File CiProgram Files\S:|| = _[opuLus ELONG | HARDNESS | SILICA | SLANE | suLFur IRV MR RTG]Y] i
1 (] Tiretread Notes fram Derringer and Suich) 1 300 a70 B7.5 0.7 a0 28 96.7475395 |
‘- Tiretread- Surface ||, 2 860 410 65 1.7 a0 18 113.421752
> Tretrea- Bt Least| = Neural Net 3 500 570 775 07 &0 1.8 114.695993
-3 Fit Madel
= Tiretread- Fit Least 4 2204 240 T4.5 1.7 80 28 195496350
5 480 540 B2.5 0.7 40 18 104934463
[ 1289 270 67 1.7 40 28 133.734829
7 1270 410 78 0.7 60 28 138.00807
8 1090 380 70 1.7 60 1.8 143.683282
] 770 580 76| 0.3835 50 2.3 101493758
= Columns (a1} 10 1690 280 70| 20185 50 23 155361002
4 AERASION % 11 700 520 63 1.2 33.67 2.3 100.727591
4 MoDULUS 3k 12 1540 380 75 1.2 66.33 2.3 158.12617
A ELONG ¥ 12 2184 520 65 1.2 50 1.4835 117.116502
. HARDMESS 3 14 1784 290 71 1.2 50 3.1165 152737257
o BILICA 15 1300 380 70 1.2 50 2.3 139.119239
 SiILANE 16 1300 330 68.5 1.2 50 23 139118239
<) EIAR : 17 1145 430 68 1.2 50 2.3 139.119239
P UFred Formula ABR:
18 1080 430 68 1.2 50 2.3 139.118239
19 1260 380 69 1.2 50 23 139118239
20 1344 330 70 1.2 50 23 139.119239
= Rows
All rows 20
Selected 0
Excluded 0
Hidden 0
Labelled 0
41 | > L1 | _,I_I
evaluations done [ oM %
tb‘StartI &5 & i) Mark A Anawis - Inbo... | (T3 Instant Messaging CD...I I3 2 Wwindows Explorer -| ] GLIUS_visualization_... ||E!-;. 2 IMP application -~ [2Z) ‘ = |« Lo 937 am

Select ‘Graph’, “Surface Plot’ and enter ‘ABRASION’ and ‘Pred Formula ABRASION’ and
‘OK’. Under ‘Dependent Variables’, select ‘Needles’ for the *Style’.

It will appear as follows:

¥ IMP (ABBOTT LABORATORIES) - [Tiretread- Surface Plok] — 1ol x|
_ i File Edt Tables Rows Cols DOE  Analyze Graph Tools Wiew ‘Window Help = e
i s = R ™ = G ik 2 B@ e 2+ TS | [reevead = i
= windows T = 0[EJ Surface Plot =1
o [#] M Starter [&] [=) & Sheet, points  Resolution ———— o
Bl Tiratresd O Isosurface O show fermula
- Tiretread- Surface 5
¥/ Independent Variables
| x Y
| o ABRASION ———————
3 (O Pred Formula ABRASION ————r———
@ O siLica —————
O @ SILANE ————<r———
| o O SULFUR —————
[J LoekZ seale
|
|
9[@Dependent Variables ] o
Formula Point Column 3 Surface Grid value
| Pred Formula ABRASION «| [ABRASION ~|Heedles |l [Both sides ~| | 130]
| ediit formuia ~| | none ~ Off ~ -1
< | | 1 |
[ MU =
tb‘startl =5 & () Mark & Anawis - Inbox... | () Instant Messaging Co... | £ JMPClassinfo | @GLJUG_V\suaI\zatlnn_F'...IIEE; IMP (ABBOTT LABO... @l = |« 11:26 AM

This plot provides a larger surface and a good comparison of the predicted values with the actual
values. With the “Needles’ style, lines are drawn from the x-y plane to the points. If extrapolation
outside the data points is not desired, right-click on the surface, select ‘Sheet Properties’ and
check the ‘Limit X and Y to Point Response Column’. Notice that although we have chosen only
‘ABRASION’ and “Pred Formula ABRASION’ columns, “Silica’ and ‘Silane’ are also plotted
automatically since they appear in the prediction equation along with “Sulfur’. To display the
prediction equation, click the ‘Show Formula’ checkbox in the upper right hand area of the
surface plot. Different variables may be selected by clicking on the desired radio button. Grids
can also be selected for certain variables to aid in visualization. Sliders and edit boxes can be
used to set the current value of a variable.
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Isosurfaces

We can extend the concept of plotting one dependent variable against two independent variables
to plotting one or more dependent variables against three independent variables. These are
referred to as isosurfaces and require a formula with three independent variables for each
isosurface desired. Let’s create three isosurfaces. Since we already have a prediction formula for
ABRASION, let’s create two more. Re-run the script for ‘RSM for 4 responses’. Select the red
arrow next to ‘Response MODULUS’, “‘Save Columns’, and “Prediction Formula’. There is now
a new column called ‘Pred Formula MODULUS’ in the data table. Select the red arrow next to
‘Response ELONG’, “‘Save Columns’, and “Prediction Formula’. There is now a new column
called ‘Pred Formula ELONG’ in the data table. Select ‘Graph’, “Surface Plot’, and ‘Pred
Formula ABRASION’, Pred Formula MODULUS?’, and ‘Pred Formula ELONG’ as ‘Columns’.
Select ‘OK’. When the surface plot appears, select the ‘Isosurface Plot’ radio button. Select all
three formulas under ‘Dependent Variables’ and ‘Both sides’ for ‘Surface’.

It will appear as follows:

[ 'il IMP (ABBOTT LABORATORIES) - [Tiretread- Surface Plot] - Ellll
‘. File Edt Tables Rows Cols DOE Analyze Graph Tools Wiew ‘Window Help =1 x|
DU G S @k 220 N 2 &+ 0050 O [iewes | 1
Windaws v ox 0[@Sur'l’au:e Plot Il

: JMPStarter 2 Isosurface [ showformula i
=l fue| Titetread g M - B
ot Tiretread- suface || |O ek AT~ S, Is) [Independent Variables
o TR e X v z ,
= ‘ e 2 O O Pred Formula ABRASION ——r—
T .40 red Farmula ——
O O O PredF laMODULUS ——
R : B O O O PredFormula ELONG ———
) | \"' ® O 0O SILICA ——r—
| e | o ® 0 SILANE ———
’l ~ o 00 ® SULFUR ———r—
.
: ." [ Lock 7 Scale
| - |
= T |
S —~ [
=)
2 T |2
~ 3
\ 12 @
i y |
\ - |
(e - /
:x'\ il ]
3 Pra -
/ifi—) AN P SN o
o o \ s > \\(\CJP'“ o
40 A
S8
Y ."/
o @
0[@Depuem:lent Variables l
Formula Value Surface
Pred Farmula ABRASION w| ——'——— 145 [ |Both sides w
Pred Farmula MODULUS »| ——='——— 1300 | |Both sides w o
Pred Formula ELOMNG v 425 |Both sides +» Ll
1 | B 1 | 3|
|JMP (ABEOTT LABORATORIES) - [Tiretread- Surface Plut]l
Bseert| [ & 1) Mtk A Anawis - Tnbox... | (5) Instart Messaging Co... | () IMPClassinfa | ) aLauG_viusization_p... [[F- 3mp (aBBOTT LABO... @7 [« 1rozam

To optimize, the ‘“ABRASION’ can be set at minimum and the ‘ELONG’ to maximum, and the
‘MODULUS’ slider moved back and forth to determine which values are inside the other limits.
Note: this takes some visual-spatial abilities on the part of the user!

The plot can also be rotated by placing the cursor in the plot where a circular arrow appears, then
click and drag to rotate. Double clicking on an axis allows you to change minimum, maximum,
increment, and tick mark label format. This can also be changed by placing the cursor in the plot
until the grabber hand appears. Moving along the axis, changes the minimum and maximum, but
not the overall range. Moving out, zooms out, while moving in, zooms in. There are also eight
control knobs for position and color of lights. Right clicking on a knob to turn on a light allows
the user to highlight different parts of the plot.

Contour Plots
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We will use the “Little Pond.jmp® file. select ‘File’, ‘Open’, and ‘Little Pond.jmp’. In this

example X and Y are coordinates of a pond. Z is a response, depth. The data file will appear as

follows:

i P (ABBOTT LABORATORIES) Pond]

=

s File Edit Tables Rows Cols DOE  Analyze Graph Tools  Wiew ‘Window Help =& x|
NG A A s ik 2 B8 S 2 A+ S O O [iwerad =
windows ~ x |=iLitle Pond L = |
i P Starter Locked File CAProgram Files\S| = - T~ X Y
“--[1a] Little Pond Notes Contour example X and ¥ 1 0 0 580722656
= Contour Plot 2 0 30.609375 7.78417989
3 0 61.21875 9.61132813
4 0 81.828135 10
5 0 122.4375 5.80957031
6 0 150 3.72167969
7 7.24414063 0 585742188
3 7.24414063 30.609375 7.734375
] 7.24414063 61.21875 9.58007813
10 7.24414063 91.828135 6.84179688
= Columns ¢3/0) 11 7.24414063 122.4375 626464844
X 12 7.24414063 150 3.40478516
v 13 14.4882813 0 5.8281325
-z 14 14.4882813 30.609375 7.68457031
15 14.4882813 61.21875 8.203125
16 14.4882813 91.828125 458007813
17 14.4882813 122.4375 3.515625
18 14.4882813 150 3.08740234
19 21.734375 0 5.828125
20 21.734375 30.609375 763476563
= Rows 21 21.734375 61.21875 5.21484375
Al rowes 300 22 21.734375 91.828125 2.22412109
Selected 0 23 21.734375 122.4375 z
Excluded ] 24 21.734375 150 2.77050781
Hidden o 25 20.9765625 1] 5.828125
LEmEEE @ 26 28.0765625 30608375 7.5858375
27 28.0765625 B1.21875 3.99853516
28 28.9765625 91.828125 2
20 28.0765625 122.4375 z
30 28.9765625 150 2.453125
31 36.21875 0 5.828125 5|
L1

Ready

@& startl B2 &

(5ir) Mark. & Anawis - Inbox... | (13} Instark Messaging Co... | |9 IMPClassInfo

| 9] 6LIUG_visuslization_P... || E$ IMP (ABBOTT LABO...

]
[ I T

@| = |« 12:01 PM

Select ‘Graph’, *Contour Plot’, and enter *Z’ as *Y’ column, and ‘X’ and Y’ as X’ column.

Select ‘OK’.
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It will appear as follows:

¥ IMP (ABBOTT LABORATORIES) - [Litte Pond- Contour Plot of 2]
" File Edt Tables Rows Cols DOE  Analyze Graph Tools Visw ‘Window Help

_1ol %]
==l x|

A W) F A e S

s ik 2@ e S 2+ ]S O [umerend

=l

wincowes

- =

9@ Contour Plot for Z

+-[3#] JMP Starter z i
=11l Little Pond
-4

-@2 Littls Pond- Conto
| o -2
T — —un
) o B 2
4
—
100 |
|
|
|
|
- 1]
/
o
T . . :
o 100 200 300
S

4| | 3

Ready

wstartl G &
Although the default contour levels are calculated to be equally spaced from the data, they can be

changed by selecting red arrow next to *Contour Plot for Z’, “‘Change Contours’ and ‘Specify
Contours’. The # of contours as well as the minimum and maximum can be changed. The fill
areas can also be filled in for a better visualization (in my opinion) by selecting red arrow next to
‘Contour Plot for Z’ and “Fill Areas’. It will appear as follows:

T GLIUG_Visualization_Plots - Microsoft Word =& =]
Bl = IMP (ABBOTT LABORATORIES) - [Little Pond- Contour Plot of 2]
. 0 File Edit Tables Rows <ols DOE Analyze Graph Tools  Wiew ‘Window Help
A T A e s AR 2 @S 2 S+ T = o [erand =1|
— windows - = 9@ Contour Plot for Z ]
[ ; %] JMP Starter z
- Las] Litkle Pond
-

T Little Pond- Contad

o T 2

E||'f' |« 1,22 PM

[410) Mark & Anawis - Inbex... | () Instant Messaging Co... | (L) IMPClassinfo | 3] GLauG_visualization_P... || E% IMP (ABBOTT LABO...

== x|

100+

T
0 100 200 300
e
Lt l »
I T
wstartl B & () Mark & Anawis - Inb... | () Instant Messaging C... | ) Sample Data | GLIUG_wisualization,_... | | B+ 3me (aBBOTT LAB...  [Z) | | « mIEL[F] 3:30FM

However, a three color scheme for a continuous gradient is one too many. To change to a two
color scheme, select red arrow next to ‘Contour Plot for Z°, ‘Color Theme’ and “White to Red’.
It will appear as follows:
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O GLIUG Yisualization_Plots - Microsoft Word =&l x|

Bl ¥ 1MP (ABBOTT LABORATORIES) - [Little Pond- Contour Plot of Z] ] 553
% File Edit Tables Rows Caols DOE Analyze Graph Tools View ‘Window Help =153 1[
M EFAdg L aak?2Re e PA+0E1S 0 O [utkrond =
— windows * = [¥[® contour Plot for Z |
-[#] MP Starter z
El-{hus] LitHe Pand
T Little Pond- Contoy ==-4
“=-2
==0
.-
|
-
L
1004
B
0]
T T T T
] 100 200 300
Ed
Bkl | »
I T
ftj Startl @ é (vii) Mark & Anawis - Inbnx...l @ Instant Messaging Co... I I) Sample Data I @ GLIUG_Wisualization_P... II E.‘,. JIMP (ABBOTT LABO... @ | ? |« F33ZPM

We can see those combinations of X and Y values which contribute to large Z values (dark red)
more easily. The color scheme can be easily reversed such that large Z values have light red by
selecting red arrow next to ‘Contour Plot for Z” and ‘Reverse Colors’.

Conclusion

e The starting point for analysis should always be a graphical representation of the data for
exploring, summarizing, and uncovering patterns.

e The Overlay Plot creates plots of one X variable and multiple Y variables shown on a
single X axis or multiple X axes.

e The Spinning Plot displays a 3-D view of points for three variables at a time from the
columns selected.

e The Surface Plot displays a 3-D view of surfaces for two variables at a time from the
columns selected.

e The Contour Plot shows contours of a response in a rectangular coordinate system.
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