Visualising Data for Scientific Discovery:
Next Steps in Visualisation

The datasets used in this workshop are all contained within a JMP journal file for your
convenience.

1. Open Data Visualisation.jrn.

a2
m1 STATISTICAL
y DISCOVERY

Next Steps in Visualisation

Initial Setup
7 Data Tables

Extraction

36 Well Plate Experiment
Cleaner Custom Design
Wavelength

Fermentation Process
Environmental Monitoring
Delete All, 5ave Mone

- Additional Resources

2

A JMP journalis a convenient way to organize presentation materials or project data

and analysis.

2. Select Initial Setup.

Initial Setup is complete

The initial setup procedure writes some files in order to making graphing easier in

the workshop.

Graphs Useful in Modeling Data

We have historical data on a chemical extraction process. The goal of our study is to find
settings which maximize Percent extracted, the percent of desired substance extracted
from a substrate. First, we’ll find the important predictors, then search for correlations and
ways to model our process and find the best model.
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Note: we’re demonstrating just one method for analysis here. There are many statistical
models you could (and should!) fit to the data while trying to achieve the goal.

1. Select Extraction.

- Extraction -
- E

w| Scripts [ | Filter Views
3
4
5
&
* Columns(22/0) e ;
-::.:l:'ff .40 il '_‘_|—: 9
A Percent extracted 10
1l: Catalyst 3 1
il: Selvent type -
il Calirmnt mmem e mmbeadiae .--_.
- [ Tags .
14
hd Rows -
5
All rows 6209 16
; 18
i 19

Percent

extracted
25
2458
2146
2264
2349
2154
2569
2186
2284
2347
2088
24.28
2284
2215
2374
2257
21.66
2376
2519

Catalyst
C-0228
C-0228
C-0723
C-0723
C-0723
C-1227
C-0723
c-0723
c-0723
c-1227
C-0723
C-0228
C-0228
C-0723
c-0723
Cc-0228
Cc-0228
c-1227
C-1227

Solvent
Solvent type concentration
M19aj 0.408
M19aj 0.408
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.293
M19aj 0.203
M19aj 0.203
M19aj 0.332
M19aj 0.332
h19aj 0.332

Flow
rate

2241
2241
1804
1804
1804
1804
1804
1804
1594
1594
1594
1594
1594
1594
1594
1594
2258
2258
2258

Temperature Pressure

1306
130.2
1124
111.2
1304

105
1483
1106
1139
1284
1052
1362
1121
1081
1291
1101
1003

130
1485

1.2592
1.5084
4.7081
3.9306
2.0467
4,2804
2.7145
4. 4087
3.0733
2.4354
51367
2.3856
3.5817
3.8508
2.1065
2.6748
4,2007
2.6045
3.2328

There are 22 columns (variables) and 629 rows (observations) in the data table. The

first column, Percent extracted, is the response variable; the others are predictor

variables. Examine the distributions of the variables.

2. Select Analyze > Distribution.
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3. Select Percent extracted through Energy Consumption, then click Y, Columns.

Select Columns

> 22 Columns

Al Percent extracted

1l: Catalyst

1l: Solvent type

A Solvent concentration
A Flow rate

A Temperature

M Pressure

A Steam amount

A Steam quality

A Residence time

A Vibration

A Agitation rate

A RPM

Al 'Water pH

Al'Water mineral content
A Medium composition
A Medium pH

A Ambient temperature
A Ambient humidity

A Equipment age

A Cperator experience
A Energy consumption

[] Histegrams Only

Displays a histogram and univariate statistics for each variable,

Cast Selected Columns into Roles

A Percent extracted
1l: Catalyst

1l: Sclvent type

A Solvent ..ntraticn

¥, Columns

Weight aptional numeric
Freq optional nur

By

Action

Cancel

Remove

Recall

oK

Help

4. Click OK.

v~ Distributions
7 '~ Percent extracted (] ¥ = Catalyst ¥~ Solvent type (& ¥ ~ISolvent concentration v =/Flow rate & ¥ =~ Temperature (& |~ Pressure
30 ol . 160
: ! s 10 -
o7
28 G 06 - 140 .
M20cw - 250
8
-
26 03 120
200
c1227 o4 6
24 100
02 150
.
22 02 80 &
M1a] 100
c0228 *
3 01
20 50 60 2
3
. L ) .
¥ Quantiles v Frequencies v Fr v ¥ Quantiles ¥ Quantiles 7 Quantiles
maximum 29 level Count  Prob level  Count  Prob maximum 0723 aimum 310 aximum 155 aximum 103
28457 c-0228 225 0.35771 M195j 466 074086 0.622 310 152,555 9.6854844421
26375 c1227 70 011129 M29ew 163 025014 051 E 1509 7.8877806006
2552 co723 334 0.53100 Total 620 100000 0.41 2449 1486 6.6218776824
quaile  24.575 Total 629 1.00000 NMissing 0O quartile 0334 quartle 2322 quarile 14475 quartle 52064484079
median 235 NMissing 0 2 Leveis median o.zm median 2181 median 1349 median 3.6913412017
quarile  22.505 3 Levels quartle 0.224 quarile 1176 quarile 1251 quartle 2.8689967511
2179 0.14 892 145 1.9569420601
20795 0.045 567 102,625 1.3264780043
20056 0.026 2776 70.705 1.1012054721
minimum 19 minimum 0.024 minimum 271 minimum 50 0.0%  minimum 101
7|~ Summary Statistics v/~ Summary Statistics + |~ Summary Statistics v '~ Summary Statistics v '~ Summary Statistics
Mean 23.554022 Mean 0.2755437 18617679 Mean 13327001 Mean 40307856
Std Dev 14665166 Std Dev 0.1078113 66313225 Std Dev 13.979766 Std Dev 1.7450561
Std Err Mean 0.0584738 Std Err Mean 0.0042087 26440814 Std Err M 0.5574106 Std Err M 0.0695799
Upper 05% Mean  23.66825 Upper05% Mean 0.2820852 ean  191.3601 Upper ean 134.36552 Upper ean 4.1674231
Lower 05% Mean  23.430104 Lower05% Mean 02671021 ean 130.93448 Lower ean 132.17620 Lower ean 3.8041481
N 629 N 629 629 N 629 N 629
N Missing 0 N Missing 0 N Missing 0 N Missing 0 N Missing 0
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The data have already been cleaned. There are no outliers (points that don’t belong
to the process we are studying), all variables have the correct modeling type
(nominal or continuous), and no variables need a transformation.

The Distribution platform is interactive — selecting bars in one histogram will select
the corresponding rows in the data table and highlight those observations on other
open graphs.

5. Select Graph > Graph Builder.

6. Selectall variables and drag them to the X drop zone.

¥ = Graph Builder

we smow QR [l 2@ il e BOEE

™ 22 Columns Percent extracted & 21 more

Enter column name P~
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Water pH

Water mineral content
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Percent extracted & 21 more

7. Drag Percent extracted to the Y drop zone.

8. Drag Catalyst to the X drop zone.
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9. Click Done.

v = Graph Builder
Percent extracted vs. Catalyst
. ® Percent extracted
L] - L]
28
: - :
26 3 . 335,
bt 13 e e
. w S
HHH - seselii
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N & Wy
§ i " 1
2 i 4 -3
Y . S,
::t C.'....
. -
ED .-.
18
C-0228 C-1227 C-0723
Catalyst

There is not a strong relationship between the variables.

10. Click the red triangle next to Graph Builder and select Redo > Column Switcher.

11.In the Select Initial Column to Switch box, select Catalyst.
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12.In the Select Replacement Columns box, select Catalyst through Energy

Consumption.

Select Initial Column to Switch

> 2 Columns

A Percent extracted
1ls Catalyst

Select Replacement Columns

> 21 Columns

Enter column name
Water mineral content
Medium composition
Medium pH
Ambient temperature
Armbient humidity
Equipment age

Operator experience

Energy consumpticn

- Opticns

P~

Cancel

13. Click OK.

7 = Column Switcher

> 21 Columns +
1l Catalyst

-
A Solvent concentration
A Flow rate 28
A Temperature
A Pressure

A Steam amount
A Steam quality
A Residence time 26
A Vibration

A Agitation rate

ARPM

A Water pH

A Water mineral content
A Medium composition
A Medium pH

A Ambient temperature
A Ambient humidity

4 Equipment age

A Cperator experience
A Energy consumption

>bE D E
[+]
——

24

Percent extracted

22

20

v = Graph Builder

Percent extracted vs. Solvent type

M193j
Solvent type

=

# Percent extracted

et
H

M2%cw
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You can click through the columns on the left to visualize their main effect on

Percent extracted.

It can also be useful to visualize the relationships among continuous predictors.

Linear regression models are unstable when predictors are highly correlated.

14. Select Analyze > Multivariate Methods > Multivariate.

15. Select Solvent Concentration through Energy Consumption, then click Y,

Columns.

Explores correlations among multiple numeric variables,

* 22 Columns

A Sclvent concentration
A Flow rate

A Pressure

Al Steam amount

A Steam quality

A Residence time

A Vibration

A Agitation rate

A RPM

Al 'Water pH

Al'Water mineral content
A Medium composition
A Medium pH

A Ambient temperature
A Ambient humidity

A Equipment age

A Cperator experience
A Energy consumption

Variance Estimation  pefaui

Matrix Format Square -

A Temperature Freq optlion

By option

Select Columns Cast Selected Columns into Roles

¥, Columns | 4 Sclvent ...ntration
Al Percent extracted A Flow rate

1l: Catalyst A Temperature

1l: Solvent type A Pressure

Weight optio

Action

QK

Cancel

Remove
Recall

Help
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16. Click OK.

= Scatterplot Matrix

05 TR
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The screen capture of the entire scatterplot matrix is too large to fit here, but there
are some interesting relationships between predictors, for example Pressure and
Steam quality highlighted in the screen capture above.
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17. Click the red triangle next to Multivariate and select Color Maps > Color Maps on

Correlations.
¥ Color Map on Correlations
Selvent concentration Correlation
Flow rate 10
Temperature 3
Pressure 08
Steam amount
Stearn quality 06
Residence time 04
Vibkration
Agitation rate 0z
RPM 00
Water pH
Water mineral content -0.2
Medium compesition 04
Medium pH
Ambient temperature -0.6
Ambient humidity 08
Equipment age
Operator experience -10
Energy consumpticn | | | | ||
THHHHEIRI
EzEfE3aBg 8ETEREEE
E & =§z23 & T 3Eac 528
i 493 < EE EEZE &
[ c=2 2B g
E i3 2% &%
] £ « o

The correlation matrix of numbers that represent the strength of the linear
relationship between two predicators has been simplified to a grid of colors. You
can change the color theme by right-clicking the legend and selecting Color Theme.

Correlations near +1 are denoted with red, correlations near -1 are denoted with
blue, correlations near 0 are denoted with grey. The main diagonal of this grid is read
because each predictor is perfectly correlated with itself. Compare some
correlations with their graphs. You can hover over the colored squares to see the
variables and correlation.
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Examine a positive correlation.

Solvent concentration
Flow rate
Temperature
Pressure

Steam amount
Steam quality
Residence time
Wikbration
Agitation rate
RPM

Water pH

Medium

Ambient temperature
Armbient humidity
Equipment age
Operator experience
Energy consumpticn

Water """”{4 Water pH Medium compesition

r: 0.8

‘Water mineral content
Medium composition

Medium pH

Armbient temperature

Equipment age

Ambiant humidity
Operator experience

Energy consumption

Correlaticn
1.0
0.8
0.6
04

Water

“lineral contel "

Medium

- fcomposition
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Examine a correlation near zero.

Selvent concentration
Flow rate
Temperature

Pressure

Stearn amount

Steam quality
Residence time
Vibration

Agitation rate

RPM

Water pH

Water mineral content
Medium composition
Medium pH

Arnbient temperature
Ambient humidity
Equipment age
Cperator experience
Energy consumpticn

Temperature Flaw rate

Prassure|

Stearn amount

Flaw rate
Tem peraturﬁ.

Stearn quality,
Residence tima

‘Wibration
Agitation rate|

RPN
‘Water pH
‘Water mineral c-::-ntent.

Medium composition

Medium pH

Armbient temperature

Ambient humidity

Equipment age
Operator experience

Emergy consumption .

Correlation
1.0
0a
0.6
04
0.2
0.0

-0.2
-04
-0.6
-08
-1.0

Flow rate

1
L3
13,7 Temperature]

18. Linear regression models are unstable when predictors are highly correlated. So
fitting a simple regression model will not describe the process properly. An
advanced modeling capability is required. On your own, you can fit a variety of
models for Percent extracted, including linear models, penalized regression

12

(Generalized Regression) models, decision tree (Partition) models, and others. How
do you know which model is the best? See the Model Screening platform in JMP Pro

to fit and evaluate many models at once.

19. Select Analyze > Predictive Modeling> Model Screening.

20. Select Percent extracted, then click Y, Response.

21. Select Catalyst through Energy Consumption, then click X.

22.Select Validation then click Validation
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23. For Set Random Seed, enter 12345.

Moded Screening - JMP Pro - u] x
Fits many different predictive models and provides
summaries of measures of fit.

Select Columns Cast Selected Columns into Roles Action

" 23 Columns Y, Response 4 Percent extracted
A Percent extracted optiot

Cancel
iliCatalyst
iliSolvent type

Remove
A solvent concentration X Factor |IliCatalyst
AFlow rate 1l:Solvent type Recall
A Temperature A Solvent concentration Help
APressure AFlow rate
A steam amount ATemperature
A steam quality APpressure

AResidence time
AVvibration

A Agitation rate
ARPM

A steam amount
Asteam quality
AResidence time
AVibration

A water pH

A water mineral content
Awedium composition Freq
AMedium pH

A Ambient temperature
Aambient humidity By
AEquipment age

A Operator experience

AEnergy consumption

il Validation

Weight

Validation |1lsValidation

Method Modeling Options Operational Options

Set Random Seed | 12345
Time Limit Each

Decision Tree Add Two Way Interactions
Add Quadratics

Informative Missing

8 Bootstrap Forest
@ Boosted Tree
8K Nearest Neighbors

Remove Live Reports
Show Methods in Log

24. Here, we can see that the best performing model is the neural boosted.

” ~Model Screening for Percent extracted

Table: Extraction Response: Percent extracted Validation: Validation

Details
Training

v Validation
Method N RSquare- .2.4.6.8 RASE
Neural Boosted T 157 0.8074 0.6492
Boosted Tree t 157 0.7686 07117
Bootstrap Forest t 157 0.7500 0.7398
K Nearest Neighbors t 157  0.6408 0.8867
Decision Tree t 157 0.6390 0.8889
Support Vector Machines 157 -0.150 1.5862
tindicates that the method uses validation data to
tune model.

Select Dominant Run Selected Save Script Selected
Sum Freq and Sum Weight are suppressed when they are the
same as N.
evaluations done 0o B (O«
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We can select the Dominant model or dig deeper by exploring the models under the
Details menu.

Visualising a well plate experiment using map shapes

An experiment was performed to understand the relationship between temperature, pH,
and amounts of an acid and two additives on the relative potency of a drug substance. Six
96 well plates were used in the experiment. Each plate was processed at one of three
temperatures. pH and acid amount were randomized over the wells. One additive was
randomized over the rows, the other was randomized over the columns.

You can use Graph Builder to visualise the factors and responses over the plates.

1. Return to the workshop journal and select 96 Well Plate Experiment.

* 06 Well P..xperiment -
i ; : > Plate  Row Col Location Temperature pH Acid  Additive A Additive B
»| Scripts [ Filter Views . 11 1 AT 20 8 a0 0.35 15
2 11 2 A2 20 7 20 0.35 1.5
3 11 3 A3 20 7 50 0.35 1.5
4 11 4 Ad 20 7 50 0.35 1.5
5 11 5 A5 20 7 50 0.1 1.5
B 11 6 AB 20 ] &0 0.6 1.5
* Columns(10/0) Be 7 11 7 AT 20 8 80 0.6 1.5
Filter P~ I 8 11 8 AB 20 7 20 0.6 1.5
1, Plate ] 11 g AQ 20 ] &0 0.1 1.5
il Row 10 11 10 AlD 20 7 50 0.35 1.5
bl Col 1 101 11 Al 20 B 20 0.35 1.5
il Location ¥ 12 11 12 Al2 20 6 50 0.1 1.5
A Temperature 13 12 1 B1 20 ] 20 0.35 1.5
4 pH 14 12 2 B2 20 7 50 0.35 1.5
A Acid 15 12 3 B3 20 7 80 0.35 15
- D Tags 16 12 4 B4 20 7 50 0.35 15
v Rows 17 1|2 5 B3 20 7 &0 0.1 1.5
A1l rows 576 18 12 B B6 20 7 50 06 15

Relative
Potency
293
21.2
3040

21

281
309
325

14

23

326
266
367
22.2
26.3

33

2749
313
233

2. Select Graph > Graph Builder.

¥ = Graph Builder

Recall  Dialog blﬁ@ B[ﬂﬂﬂhlﬂ% ﬁ!'ﬁm

* 10 Columns

Title
1l: Plate
1l Row
1l Col
1h Location
W = Paints
Summary Statistic Mone ~
Error Interal Auto ~
Interval Style Error Bar ~
litter Auto =
Jitter Side Centered e

litter Smoath ’:
Jitter Overlap ’:

Jitter Limit: ————
Label No Labels ~
Wariables -
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3. DragLocation to the Map Shape zone in the bottom left of the graphing region, see
the screen capture above for the location.

Location

Why are the wells appearing in the graph? The Location column has the Map Role
column property. That property is related to a shape name file which is related to a
shape coordinates file. Those files were added to your workshop folder when you
clicked Initial Setup at the beginning of these notes.

Country shape files are automatically included with JMP. You can create your own
shape files to correspond to floor plans, the human body, or any other possibility.
Information on graphing using maps and creating custom shape files can be found
in the Additional Resources section of your workshop journal.

4. Drag Relative Potency to the Color drop zone.
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5. Click Done.

16

¥ = Graph Builder

&

Location colored by Relative Potency

10

T
12

Relative Potency
700
60.8
517
425
333
242
15.0

Each well has been colored by the average value of all response values for the well.
You can view individual plates by adding a data filter.
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6. Click the red triangle next to Graph Builder and select Local Data Filter.

v = Local Data Filter

Favorites =

Add Filter Columns

* 10 Columns
Enter column name p - +

1l: Plate

th Row

1h Col

1l Location

A Temperature
ApH

A Acid

A Additive A

A Additive B

A Relative Potency

7. Inthe Add Filter Columns box, select Plate, then click the plus sign icon, see the
screen capture above for its location.
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8. Select 1 to restrict the graph to the first plate.

¥ = Local Data Filter | 7|/~ Graph Builder @
Clear  Favorites v Location colored by Relative Potency

96 matching rows Relative Potency

[ Inverse 60

=) Plate (6) X 50
*] 0
2 96 1 30
3 96 =] 20
4 96 10
5 96 1

0
AND OR

un
1

e
1

(7%}
1

ra
1

—
1

Where(Plate = 1)

Examine other variables in the Color zone by using the Column Switcher.
9. Clickthe red triangle next to Graph Builder and select Redo > Column Switcher.

10.In the Select Initial Column to Switch box, select Relative Potency.
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11.In the Select Replacement Columns box, select Temperature through Relative
Potency.

Select Initial Column to Switch

> 2 Columns

1l Location
A Relative Potency

Select Replacement Columns

>3 Columns

Enter column nar 2~
il: Row

I|| Col

A Temperature

M pH

A Acid

Al Additive A

A Additive B

4 Relativ...otency

- Options

12. Click OK.

13. In the Columns Switcher, select Additive B.

7 | = Column Switcher ¥ = Local Data Filter ¥ = Graph Builder =
¥ & Columns + Clear || Favorites Location colored by Additive B
A Temperature
ApH = 96 matching rows 3 Additive B
A Acid [ Inverse 1.8
A Additive & - Plate (6) [ 1.7
_‘ ddl'h've 1 06 8 1.6
elative Potency 2 5 15
> E» E 2 96 . 14
4 96 ’ 13
o 5 95 [1 5
— 6 96 .

AND OR

wn

=

ra

Where(Plate = 1)
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Itis easy to visualise the experimental conditions and the response variable over
those conditions with this graph.

14. Close the 96 Well Plate Experiment data table and all associated report windows

without saving.
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Using multiple Y axes in Graph Builder

In a fermentation process, characteristics of the environment such as temperature and pH

and characteristics of the product, such as amount of molasses and ammonium feeds and
amount of ethanol produced, are monitored over time for each batch. Graph Builder makes
it easy to build separate graphs each variable over time, or to build one graph with separate
Y axes.

1. Return to the workshop journal and select Fermentation Process.

* Fermenta...n Process hd Molasses NH3 Tank
. : 5 - E BatchlD Time Ethanol Temp Feed Feed Air Lewvel

=) Scripts L | 1 0 0678 302 366 07 1724 4302
2 10121 0797 203 1206 4 1955 4221

3 10242 106 305 3617 121 214 418

4 10384 1346 206 6784 28 2247 413

5 10485 0609 204 9851 534 2561 4075

6 1 0606 073 306 11964 714 2557 4083

* Columns(9/0) B® 7 10727 061 307 12792 777 2938 4048
P~ 3t 8 10848 0448 309 11463 827 2785 4061
1, BatchiD 9 1097 0629 308 10832 738 2905 4076
ATime 10 11000 0417 208 869.1 684 3110 4058
A Ethanal 11 11212 0433 309 8311 676 3233 4116
ATemp 12 11333 0587 312 8350 787 3218 407
D 13 11455 082 309 8267 780 3428 4056
14 11576 0833 208 8211 703 3303 404

- s 15 11607 0996 311 8408 796 3665 4101
All rows 10,000 16 1 1818 1433 311 900 984 3648 4115
17 11939 145 312 10297 1061 3717 4103

o - 18 12061 1809 308 11282 1106 3857 4107

pH

6,13
6.22

6.7
8.24
8.18
.09
5.52
522

5.1
4,03
4.66
4.57
4.28
4.12
3.86
4.06
3.83
3.81

2. Select Graph > Graph Builder.
3. DragTime to the X drop zone.

4. Drag Ethanol to the Y drop zone.
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5. Drag Molasses Feed to the Y drop zone under Ethanol.

22

Ethanol & Molasses Feed vs. Time

15

Ethanol

Muolasses Feed

Time

—— Smooth(Etha
— Smooth({Mol

6. Drag NH3 Feed to the Y drop zone under Molasses Feed.
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7. Drag Temp to the Y drop zone of the Molasses Feed panel, justinside the Y axis.

Ethanol & 3 more vs. Time

=]

=

£
= Smocth(Ethanol)
— Smooth(Molasses Feed)
— Smooth(Temp)
— Smooth(WNH3 Feed)

o

5

&

[

g

L

ke

% _al

% Add this variable to the Y role,

= keeping existing variables.

-

&

[a1]

I

=z

T ! T ! T ! T ’ T ! T ’ T
o] 2 4 ] 8 10 12
Time
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8. DragpHtotheY drop zone of the NH3 Feed panel, justinside the Y axis.

Ethanol & 4 more vs. Time

Ethanal

—— Smooth(Ethancl)

—— Smooth(Molasses Feed)
— Smoothi{Temp)

— Smooth{NH3 Feed)
— SmoothipH)

Mualasses Feed & Temp

NH3 Feed & pH

Copyright © JMP Statistical Discovery LLC, Cary, North Carolina, USA. ALL RIGHTS RESERVED.



25

9. Clickthe Points icon in the graphing elements bar above the graph to remove the
points element but keep the smoother element.

BB P T YVEY L

Ethanol & 4 more vs. Time

Ethanol

5 — Smooth(Ethanol)
—— Smooth{Molasses Feed)
— Smoocth({Temp)
0 — Smooth(MH3 Feed)
5000 — Smooth(pH)

4000

3000

Molasses Feed & Temp

MH3 Feed & pH

0 2 4 6 8 10 12

Time

10. Right-click the Molasses Feed & Temp Y axis and select Move Right > Temp.
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11. Right-click the NH2 Feed & pH Y axis and select Move Right > pH.

Ethanol & 4 more vs. Time
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12. Click the red triangle next to Graph Builder and select Parallel Y Axes.
13.Click Done.
14. Click the red triangle next to Graph Builder and select Show > Legend.

15. Click the graph title and enter Inputs and Outputs over Time.
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16. Resize the window to be wider than it is tall.
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¥ = Graph Builder

Inputs and Outputs over Time

4000 800

[0 600

Ethanol
Molasses Feed
NH3 Feed

400

Time

4

Each variable on the graph has its own scale.

17. Close the Fermentation Process data table and all associated report windows
without saving.
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Summary

We hope these examples of graphs and graphing techniques are useful to you in visualizing
your own data and models. You can find much more information, including short videos,
short articles, full courses of study, and hands-on activities in the Learn JMP section of the
JMP user community: https://community.jmp.com/t5/Learn-JMP/ct-p/learn-jmp.
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