Visualising Data for Scientific Discovery:
-oundations of Visual Analytics

Data Visualisation

Learning how to build good graphs of your data can be useful for

s Eple ol exploring data structure
discovering patterns identifying trends over time
detecting unusual observations ,
presenting results
evaluating models

Jmp

There are many benefits to learning the skills needed to make good visualisations of your
data, including:

e exploring your data

e discovering unexpected patterns

e exploring the hidden structure in your data

e detecting unusual observations or interesting data points
e findingtime trends

e evaluating the fit of your statistical models

e presenting your results clearly and concisely: a picture is worth a thousand words!
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Principles of Graphing

Make the data stand out;

avoid anything that doesn’'t make the data stand out.

Jmp

There are a number of principles for making good graphs that you can use to make good
graphs. The overarching principle is to make the data stand out and avoid anything
superfluous to making the data stand out. Other graphing principles follow.

e Usevisually prominent graphical elements to show the data.

Overlapping plotting symbols must be readable.

e Do not clutter the interior of the graph frame.

e Deemphasize grid lines.

e Visual clarity must be preserved under reduction and reproduction.
e Proofread graphs.

e Draw the data to scale.

e Do notshow changes in one dimension by area or volume.

e Use acommon baseline wherever possible.

e Graphing data should be an iterative, experimental process.

e Don’trequire the reader to make calculations.

e If showing improvement, plotimprovement rather than before and after.
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e Alarge amount of quantitative information can be packed into a small region.
e Use alogscale to understand percent changes or multiplicative factors.

e Showing data on a log scale can cure skewness.

e Avoid deceptive double-y axes.

e Choose an aspect ratio that shows variation in the data.

e All axes require scales.

e The horizontal axis should increase from left to right and the vertical axis from
bottom to top.

In general, graphs are useful when you are analyzing data and when you need to present
results. You might make many different, complicated graphs when you are exploring data,
fitting models, and interpreting results. You might then summarize your findings with
graphs to show others. While presenting graphs to others, follow the principles to make
sure you communicate clearly and concisely.

Analysis Workflow

v Plot your data

Diagnose data problems

Perform your analysis (fit your model)
Evaluate model assumptions
Diagnose statistics or model problems

lterate as necessary

Jmp

Itis useful to follow a workflow in the process of statistical modeling of a dataset.

1. Plotyour data to discover patterns and understand the nature of the data. Many
problems are easily found this way, as well as meaningful and insightful
information.
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2. Diagnose any data problems before you proceed with your analysis. Correct any
errors and consider excluding data that might be contaminated and invalid for your
purpose.

3. Performyour analysis, both the planned analysis and any unplanned analysis that
might be suggested by discoveries in the data plots.

4. Evaluate the assumptions of the model.

5. Diagnose statistics or model problems that might confuse or compromise the
meaning, interpretation, or decisions based on the analysis.

6. Repeat as necessary if you encounter problems at any stage of your workflow until
you are satisfied that you have a valid answer.

Graphing data is especially useful in steps 1, 2, and 4.

Column Modeling Type

How a variable is used in a graph or analysis

Continuous Ordinal Nominal
Data type: numeric Data type: character Data type: character
or numeric or numeric
Range of values on
a known scale Ordered categorical Unordered categorical
values values

Jmp

Different types of data lend themselves to different types of graphs. There are three types of
data used for graphing. Continuous data are numeric data measured over a range of values
on a known scale. Examples of continuous variables include concentration, temperature,
absorbance, and reaction time. Ordinal data are either character or numeric data with a
finite number of levels or categories. These categories contain an inherent ordering.
Examples of ordinal variables are the size of shirt you are wearing (Small, Medium, Large)
purity categories, yield categories, or demographic variables like batch number in order of
processing. Nominal data are also either character or numeric data with a finite number of
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levels, but these categories have no order. Examples include the color of shirt you are
wearing (white, blue, black), the type of catalyst, film type, shift (during the workday), or
which plant produced the chemical. The type of data you have determines the type of graph
you can create.

Polymer Production Challenge

Quality Properties

Thickness
- Haze

Modulus

0 01 1 Tensile Strength

Polymer

\:r

Jmp

A company faces quality issues with one of their core polymer film production processes.
Due to low yield and occasional occurrence of defects they face friction with customers
and have to justify the lost revenue of scrapped batches to their stakeholders. A team of
engineers were tasked to investigate how to fix the issues with low yield and track down the
occurrence of defects in production.
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Polymer Production Challenge

Extruder Temp Chill Roll Temp
Draw Ratio Line Speed

l, Quality Properties
= Thickness
I ) ) o
Modulus
I Tensile Strength

Date  Plant Polymer
Line Batch
Shift

Jmp

To illustrate the concepts of graphing data, we will use simulated data collected from a
polymer film process. This rich dataset contains information on each film produced,
including:

e Production data such as date, which plant (two plants), which line in the plant (two
lines in each plant), which batch of consumables, which shift produced the film,
and which film type was produced (PET, PP, PE).

e Process data such as extruder temperature, chill roll temperature, draw ratio, and
line speed.

e Properties of the film, such as thickness, haze, tensile modulus, opacity, coefficient
of friction, water evaporation transmission rate, oxygen transmission rate, yield, and
defects per 1000 m of film.

Demonstration

In this demonstration, you will import the polymer film data from Excel into JMP using the
JMP Excel Import Wizard. Next, you’ll explore the data one variable at a time, learning about
the context of the data from the production variables and the shape of the data from the
other variables. Any data problems can be easily corrected using JMP’s data cleaning
functions. Finally, you’ll look at relationships between two or more variables using graphs.
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Data Import
1. OpenJMP.

72+ IMP Home Window - JMP Pro = O x
File Tables DOE Analyze Graph Tools Add-lns View  Window Helpl
LE;,[NEW Data Table L_?Gpen 7 Sample Index E *x i I om a (no tables) o

<
e

Recent Files

.
FIULeEr [Lirn+r) p

Open an existing data file or create a new
one.

The JMP Home Window consists of a menu bar, toolbars with buttons for quick
access to common functions, a region containing recent files that can be used to
quickly access data tables and other JMP files, and a region containing any open
JMP windows.

2. SelectFile > Open.

3. Navigate to the folder with the course data.

2t Open Data File x
« v o » > Workshop Files ~ cC Search Workshop Files L0
Organize New folder =~ 0 @

S
Mame Status Date medified Type Size
| i Polymer Films.xdsx @ 3/19/2026 2:38 PM Microsoft Excel W... S8 KB |

Always enforce € Best Guess

Excel Row 1 as labels O Always

() Mever

File name: |Po|)rmer Films.xlsx vI Diata Files (*,jmp;™xls™ xlsg*xls ~

@ Select this filter the next
. . L Cancel
time this window is inv...

If you do not see the Excelfile in the list, click the drop-down menu in the bottom
right and select Data Files.

4. Select Polymer Films.xlsx.

5. Click Open.
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6. Click Restore Default Settings.

Data Preview Waorksheets
Film Extruder Chill Re Select Custom
z Date Plant Line Batch Type Shift Temp(C) Temp( sheets to open setting
1 2025-0101 PlantB Line1 B0O4  PET  Day 24528 17, Polymer Films _|____|
2 2025-0101 PlantB Line2 BOS  PET Might 261.10 20. Select all
3 2025-0101 PlantA Line1 B12 PP Day 26008 20.
4 2025-01-01 PlantB Line2 B0X  PET  Day 26563 21
5 2025-0102 PlantB Line1 B10  PE Day 25208 1¢
2025-0102 PlantA Line2 B10  PE Day 25228 186,

~ o

2025-0102 PlantE Linel BOO pp Might 25368 16,

Rows Shown: 100/ 600

Individual Worksheet Settings Preview Pane Refresh
B Worksheet contains column headers & Update settings on any change
~ Column headers start on row <k
: Mumiber of rows with column headers I=|I:I'=, [] Show all rows
"~ Data starts on row <k
: Data staris on column dk

& Use for all worksheets

Restore Default Settings Mext Import Cancel Help

The Excel Import Wizard allows you to easily specify the format of your data in Excel
so thatitis imported correctly into JMP. You can select worksheets in the Excel
workbook, import column headers as variable names, import any number of rows as
column header information, import only certain columns and rows, as well as
combine worksheets into one data table if needed.

Itis important to note that while Excelis cell-based, that is, data of any type can live
in a column in Excel, JMP is column-based, that is, all data in the same column
needs to have the same type of data. JMP expects columns to represent variables
and rows to represent observations of those variables, so data should be in tabular
format. Because Excel doesn’t require data in a tabular format, the Excel Import
Wizard is useful in importing only the necessary data into JMP with minimal
reformatting needed.
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7. Click Import.

E=l Polymer Films - IMP Pro — O *
File Edit Tables Rows Cols DOE Analyze Graph Tocls Add-Ins  View Window Help
HefEE LG Q BEBEEL -
- Polymer Films ] - Film Extruder Chill Roll Draw Line 5
* = Date Plant Line  Batch Type Shift Temp(C) Temp(C) Ratio (m/n
=) scripts L 2025-01-01 PlantB Line1 BO4  PET  Day 24538 1747 3.531 1
P Source 2 2025-01-01 PlantB Line2 BO5  PET  Night 261.19 2013 332 1
» Update Table 3 2025-0101 PlantA Linel B12 PP Day 26098 2008 3250 1
4 2025-0101 PlantB Line2 B0  PET  Day 26565 2197 3.38 1
5 2025-01-02 PlantB Linel B10  PE Day 253.08 16.8  3.325 1
§ 2025-01-02 PlantA Line2 B10  PE Day 25238 16,06  3.078 1
> Colmn=(20/0) B 7 2025-0102 PlantB Linel BOS PP Might 25368 16,54  3.283 1
8 2025-01-02 PlantB Line2 B14  PET  Day 249,56 1521 3.089 1
Filter P~ 3 0 2025-0102 PlantA Line2 B14 PP Day 262.23 15.62  3.258 1
A Date 10 2025-01-03 PlantA Line2 B11 PP Day 264.27 1719 3.315 1
il Plant 11 2025-014 PlantB Line2 B12 PP Might 255,67 197 2.975 1
'!-';i”fk 12 2025-0144 PlantB Linel B10  PET  Day 24877 1742 3447 1
T 13 2025-014 PlantB Line2 BO7  PET  Day 24216 1913 3.609 1
14 2025-0105 PlantB Linel BO3 PP Day 262.27 2049 3.077 1
- Rows 15 2025-0105 PlantA Line2 B13 PP Day 24932 18323 4035 1
All rows 600 16 2025-0105 PlantB Line2 B0O9  PET  Day 25424 1743 3.027 1
elect 17 2025-0105 PlantA Linel B11  PE  Night 25339 2168 3.882
8 2025-01-05 PlantB Linel B12  PE Day 25441 17.01 3.6 1
ol a 10 2025-0105 PlantB Line2 B14 PP Day 25344 10,54 3.768 1
0 » O~

The data have been imported as a JMP table. There are 20 columns (variables) and
600 rows (observations). Save this table.
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8. Select File > Save As.

E5l Save IMP File As

e > Waorkshop Files 4 W, Search Workshop Files

Il
4

Organize + Mew folder

MName Status Date modified Type

Mo items match your search.

File narme: | Polymer Films.jmp

Save as type: JMP Data Table (*,jmp)

» Hide Folders Cancel

9. Click Save.

Graphs for One Variable

In this section, you will learn about dot plots, bar charts, histograms and boxplots, used to
display data from one variable. In JMP, you can use the Distribution platform to examine
multiple variables at the same time, or Graph Builder to control the graphs and layout.

Distribution

How many levels of each categorical variable exist? What proportion of each film type
was manufactured? What do the distributions of data look like for the continuous
variables? Are there any missing values for any variable? Are there any potential
outlier observations? Do the distributions of some variables depend on other
variables?

1. Select Analyze > Distribution.
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2. Selectallthe columns in the Select Columns list on the left, then click Y, Columns.

Select Columns

* 20 Columns

A Date

ils Plant

il Line

1l Batch

1ls Filen Type

ths Shift

A Extruder Temp [C)
A Chill Rell Temp (C)
M Draw Ratic

A Line Speed (m/min)
A Thickness (um)

A Haze [3£)

A Medulus (GPa)

A Tensile Strength [MPa)
A Cpacity (%)

A Coefficient of Fricton

M Crygen Transmission Rate (co/m*2/day)
A Yield (%)
M Defects per 1000 m

] Histograms Only

Displays a histogram and univariate statistics for each variable,

Cast Selected Columns into Roles

¥, Columns | Date
1l Plant
ih Line
1ls Batch

Weight optional numeric

Freq optional numeric

By optional

AWater Evaporation Tran...ission Rate (g/m*2/day)

Action

0K

Cancel

Remove
Recall

Help
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3. Click OK.

~ Distributions
~ Date > ~ Plant O = Line ~ Batch : = Film Type : ~ Shift (] ~ Extruder Temp (C) d = Chill Roll Temp (C)

Quantiles Frequencies
100. wm 07/19 Level  Count Prob

PlantA

For each variable in the dataset, JMP provides a graph and summary statistics.

If the variable has a nominal or ordinal modeling type (for example, Plant or Film
Type), JMP provides a bar chart. A bar chart displays the number of observations for
each categorical level of the variable. You can see that the number of observations
for each plantis about the same, while there are more PET films than PP or PE films
in the dataset.

How many levels of each categorical variable are there?
Plant: 2, Line: 2, Batch: 15, Film Type: 3, Shift: 4.

The values of the Shift column don’t look right. There are four levels, but some
entries are capitalized and some are not. They should all have the same case. You
can easily change all the erroneous data. First, set up the report to automatically
recalculate when the data have changed.

4. Clickthe red triangle next to Distributions and select Redo > Automatic Recalc.

5. Return to the data table and select the Shift column.
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6. Select Cols > Recode.

-

New Column ~  Name: |Shift 2 | Fitter P~
Count Old Values (4) » New Values (4) ~ Group controls
30 day day .
379 Day Day B View Groups
19 ni.ght ni_ght [] Show Only Grouped
172 Night Night ] Show Only Ungrouped
O All
) Only Modified
) Only Unmeodified
Changes
Scripting
B Script sequence of actions
B Compress sequence
Close Help

You can click in the New Values boxes and type new values or use the helper
options in the red triangle menu.

7. Click the red triangle in the upper left corner of the window and select Convert to
Titlecase.
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8. Clickthe New Column drop-down and select In Place.

In Place w  Mame:
Count Old Values (4)
LTy 379 Day
30 day
W 172 Might
19 night

Crls
FLTEr ,Cl' -

 New Values (2) ~ Group controls

Day B View Groups

Might (] Show Only Grouped

] Show Only Ungrouped

O All
_ Only Modified
) Only Unmodified

Changes A
Convert to Titlecase (2)

Scripting

B Script sequence of actions

B Compress sequence

Close Help

9. Click Recode.

10. Deselect the Shift column.
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11. Return to the Distribution report window.

7 = Shift

Might

Day

7 Frequencies
Level Count Prob

Day 409 0.e8167
Night 191 0.31833
Total 600 1.00000
M Missing 0

2 Levels

Shift now has the correct two levels.
What proportion of each film type was manufactured?

The table below the Film Type graph has the proportions: PE: about 20%, PET: about
50%, PP: about 30%.

If the variable has a continuous modeling type (for example, Date or Extruder
Temp), IMP provides a histogram. A histogram is a bar chart, where the length of the
bar represents the number of observations in an interval. For example, each barin
the Date histogram represents one month; each bar in the Extruder Temp
histogram represents 2 degrees C. From a histogram, you can see the shape of a
distribution.

For the continuous variables, JMP provides both a histogram and a boxplot. A
boxplotis a simpler graph for one variable. It shows the five number summary of the
data: minimum, 25th percentile (first quartile), median (50th percentile, second
quartile), 75th percentile (third quartile), and maximum. In the Distribution platform,
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JMP displays an outlier boxplot, which highlights observations outside of fences
based on the median and distance between the third and first quartiles.

What do the distributions of data look like for the continuous variables?

The shape of Date is fairly uniformly distributed; the shapes of Extruder Temp
through Line Speed are fairly bell-shaped. Other variables, like Thickness or Haze,
have more than one mode (bump). Multiple modes often indicate there is more than
one source of variation in the data.

Are there any missing values for any variable?

The reports below the histograms indicate how many missing data exist (N Missing).
Scroll across to see that no variables have missing values.

Are there any potential outlier observations?

Outliers are observations that do not belong to the same distribution as other data.
They were generated by another process. You can use histograms and outlier
boxplots to detect potential outliers. Next, you can use your expertise or that of the
person who collected the data to determine the reason for any anomalous data
values.
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12. Scroll through the continuous variables, looking for strange behavior.

7 = Oxygen Transmission Rate (cc/m~2/day) =

3000 .
2500
2000
1500

1000

500
1 -

= —
0
¥ Quantiles
100,0% maximum 3002785
00,5% 310.62238
07.5% 307.327683
00.0% 300.4679

75.0% quartile  123.5725
50,08 median 102.087
25,05 quartile 90.1265

10.0% 85.9211
2.5% 80.83045
0.5% 75.832435

0,05 minirmum 73.335
¥ = Summary Statistics

Iean 144, 46041
Std Dewv 141.53805
Std Err Mean 5.7782660

Upper 95% Mean 155.80853
Lower95% Mean 133.11229
M 600
M Missing 0

There is one observation for Oxygen Transmission Rate which is an order of
magnitude higher than other observations.
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13. Select the observation in the graph.

¥ = Oxygen Transmission Rate (cc/m* 2/day)

3000 .

2500
2000
1500
1000

300
_I

0

The row has been selected in the data table.

14. Return to the data table and select Rows > Next Selected.

Water Evaporation Oxygen Transmission  Yield Defects
Transmission ... Rate {cc/m* 2/day) (%)  per 1000 m

5.5533 3002.785 80.227 1.757

After discussion with the engineer, it was determined that the data point was
incorrectly transcribed.

15. Double-click the cell for Oxygen Transmission Rate in row 99 and change 3002.785
to 302.785.

16. Deselect all rows and columns.
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Do the distributions of some variables depend on other variables?

Some of the histograms for continuous variables have multiple modes. You can use
JMP’s interactivity to see if the modes are due to one or more of the other variables.

17.To simplify the visualizations, the platform is going to relaunched with a simplified

view. Click the red button and go to Redo > Relaunch Analysis.

7 = Nietrihntinne

Q,  |Filter
Uniform Scaling
Stack
Arrange in Rows
ﬁ Local Data Filter
Redo

jﬁ

> E_E Column Switcher

Platform Preferences ] @ Redo Analysis
Save Script > 3 Relaunch Analysis
cveTe Automatic Recalc
2025-03 17
2025-02 :L T
2025-01
" Quantiles
100.0% maximum 2025-07-19
99.5% 2025-07-18
97.5% 2025-07-14
90.0% 2025-06-25
75.0%  quartile 2025-05-29
50.0% median 2025-04-10
25.0%  quartile 2025-02-17
10.0% 2025-01-18
2.5%

2025-01-05

Opens the platform launch window
and recalls the settings that were used
to create the report.

v ~Plant

Plant B

riarnt A

” Frequencies

Count Prob
300 0.50000
Plant B 300 0.50000
Total 600 1.00000
N Missing 0
2 Levels

Level
Plant A

v~ Line
Line 2
Line 1
” Frequencies
Level Count Prob
Line 1 309 0.51500
Line 2 291 0.48500
Total 600 1.00000
N Missing 0
2 Levels

18. On the Dialog window, go to the bottom left and select the ‘Histograms Only’ option.
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E= Distribution - JMP Pro

Displays a histogram and univariate statistics for

eachvariable.

Select Columns Cast Selected Columns into Roles
“20 Columns Y, Columns . Date
A Date 1l,Plant
ilsPlant iliLine
ilsLine 1], Batch
il:Batch Weight |optional numeric
1l Film Type | :
i1, Shift Freq optional numeric
AExtruder Temp (C) By optional
A Chill Roll Temp (C)
A Draw Ratio

A Line Speed (m/min)

A Thickness (um)

A Haze (%)

A Modulus (GPa)

A Tensile Strength (MPa)
A Opacity (%)

A Coefficient of Fricton

A Water Evap.../m~2/day)
A Oxygen Tra...c/m~2/day)
AYield (%)

A Defects per 1000 m

@ Histograms Only

19. Select ‘OK’.

20. Scroll to the histograms for Thickness and Haze.
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50

-

“ ~Thickness (um) =] ¥

~Haze (%)

an

6

The variables have multiple modes.

21. Click the bar for Plant A in the Plant histogram.

v~ Plant

Plant B 70
60
Plant A 50

¥~ Thickness (um) * ~Haze (%) |*!

7

6

5

When you click a bar in a bar chart or histogram, all the rows for that level of the
variable are selected in the data table. Those rows are therefore highlighted in all

other open graphs.

21

In this case, the patterns in the histograms for Thickness and other variables do not

appear to be caused by different Plants.

22. Select the PET bar in the Film Type report.
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* = Film Type (%] ||* - Thickness (um) [*] * ~Haze (%)

PP

The strong signals in these variables (and many others) seem to be coming from
different film types.
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Examine the Yield and Defects histograms.

" ~Yield (%) "~ Defects per 1000 m
|
100 30
20
20
80
10
70
60 0

Some of the poor yielding and defect-ridden lots are using the PET film type, but
many are not. We must look elsewhere for a cause.

Next, use the Graph Builder platform to examine the data.

23. Press and hold the Ctrl key (Windows) or Command key (Mac), then click the PET
bar in the Film Type report to deselect the rows.

24. Return to the data table and select File > Save.
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Graph Builder

In the past, defects were tied to poor maintenance practices of the processing equipment.
We can use Graph Builder to examine the relationship between yield and defects and other
variables.

Graph Builder is a powerful, interactive platform for data visualization. You do not need to
know the type of graph you want to create before beginning in Graph Builder. Let’s look at
some simple graphs before using the platform to answer our research question.

1. Select Graph > Graph Builder.

7 = Graph Builder =

fes i 2@ |l i 5 O

ﬂtle

Recall Dialog

0 Celumns \
Enter column name yl

A Date

1l Plant

1l Line

1ls Batch

1l Film Type

1l Shift

A Extruder Temp (C)
A Chill Rell Temp (C)
A Draw Ratio

A Line Speed (m/min)

¥ = Points

Summary Statistic
Error Intenal
Interval Stye
itter

litter Side

Jitter Smooth
litter Overlap
Jitter Limit
Label
WVariables

MNone
Auto
Error Bar

Auto

el €€ A

Centered
L —
e

——

Mo Labels e

The report window contains regions for selecting variables (top left), modifying
graphing elements (bottom left, will change as variables are added to roles),
selecting graphing elements (top of graphing area), and displaying the graph (middle
of window).
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2. Drag Film Type to the X drop zone.

25

¥ = Graph Builder

B b W~ b o 5 @

=20 IC,ol\umns Film Type
name P~
1ls Shife

A Extruder Temp (C)

A Chill Rell Temp (C)

A Craw Ratio

A Line Speed (m/min)

A Thickness (um)

M Haze (%)

A Modulus (GPa)

A Tencile Strength (MPa)

¥ = Points

Summary Statistic None ~
Error Intenal Auto =
Interval Style Error Bar ~
Jitter Auto =
Jitter Side Centered =

Jitter smooth ’:
litter Overlap ':

Jitter Limit —
Label Mo Labels ~
Wariables

PE PET PP

Film Type

* Film Type

A dot plotis shown. There is a dot for each row in the data table, so the size of the
dot mass represents the number of observations in each level of Film Type.
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3. Clickthe Bar elementicon in the element toolbar above the graph.

|¥ = Graph Builder

o |[senove] (NN ] b@l@% Fer.

> 20 Columns Film Type

Enter column name P~
1ls Shift

A Extruder Temp (C)

A Chill Rell Temp (C)

A Craw Ratio

A Line Speed (m/min)

A Thickness (pm)

M Haze (3)

A Modulus [GPa)

A Tensile Strength (MPa)

300

Il Count

v
 Bar 200-
Bar Style Side by side ~

Summary Statistic Mean v

Count

Error Interal Auto ~
Interval Style Error Bar ~

Label Mo Labels =2
Variables 3
100+

PET

Film Type

1)

The bar chart shows the number of observations within each category. It is easier for
human brains to compare length than area, so a bar chart is usually preferable to
the dot plot or a pie chart.

4. Drag Defects per 1000 m to the X drop zone, replacing Film Type.
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5. Click the Points elementicon.

27

Jrel ilmie HODH =

Defects per 1000 m

:EE l'm o e “"*'I%l&'i'“‘“w#“ of otefel oo .

0 10 20
Defects per 1000 m

30

# Defects per 1000 m

A dot plotis shown. There is one dot for each row in the data table. The dots are

jJittered so you can visualize how many observations there are for each value of

Defects per 1000 m.
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6. Click the Histogram elementicon.

[ 2~ e 6 ) o @ R

Defects per 1000 m

400

[ Defects per 1000 m
300

200

Count

100

. S T

0 10 20 30

Defects per 1000 m

The histogram bins the data. You can control the bin width using the Grabber tool.
(Select Tools > Grabber, then click and drag up or down on the bars.)
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7. Click the boxplot elementicon.

ZEFEE i MO =

Defects per 1000 m

- Defects per 1000 m

— 1] =.!ﬁ‘§=$§§§=.§===E§.=!§II=.I=‘I=IS E..l "we . . ..
g . Eo I':i .- -
0 10 20 30

Defects per 1000 m

This outlier boxplot shows the five number summary of the data (min, 25th

percentile, median (50th percentile), 75th percentile, and max) along with rules for
detecting potential outliers.

Next, examine the distribution of Defects per 1000 m and Yield at the same time.

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



30

8. DragYield to the right side of the X drop zone, so both variables are plotted.

e WY E LT

Defects per 1000 m & Yield (%)

HIH

- Defects per 1000 m
- Yield (%)

s ws @ . . E::
T T T
0 10 20 30 a0 70 ) 20 90 10d
Defects per 1000 m Yield (3£)

9. Release the mouse button.
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10. Click Done.

v = Graph Builder
Defects per 1000 m & Yield (%)

- Defects per 1000 m
- Yield (3&)

0 10 20 30 60 70 80 a0 100
Defects per 1000 m Yield (%)

Now that you know how to make simple graphs for one variable, let’s try to answer
the research question.

Graphs for Two and More Variables

You can use Graph Builder to explore graphs that show the relationships between two
variables. Again, the appropriate graph type depends on the modeling type of the variables.
Let’s look at a boxplot (continuous variable) for each level of a grouping variable (nominal
or ordinal variable).
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Graph Builder

1. Click the red triangle next to Graph Builder and select Control Panel.

2. DragPlant to the Y drop zone.

32

¥ | = Graph Builder

Start Qwver

20 Columns

ame P~

e (R 2 ]l e e RO

Defects per 1000 m & Yield (%) vs. Plant

1l Plant

il Line

1l Batch

1l Film Type
1l Shife

A Extruder Temp (C)
A Chill Rell Temp (C)
4 Draw Ratio

A Line Speed (m/min)
A Thickness (prm)

Plant B }~

7 = Box Plot[Defects per 1000 m]

Jitter Auto w
Outliers
“ £

BoxType Qutlier v =

Box Style Maormal &

5Number Summary [

Variables >
7| = Box Plot[Yield (%)] :

Plant A HE . - . see

litter Auto v :

Outliers a

BoxType Outlier &

Box Style Narmal ~

5Mumber Summary ]

Variables > 0 10 20 30 60 70 80 a0 100

Defects per 1000 m Yield [32)

7 Defects per 1000 m
- Yield (%)

The two plants have different distributions of Defects per 1000 m. The three
batches with low yield are all in Plant A, otherwise the distributions of Yield are
similar across the plants. What about the lines in each plant?
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3. DraglLine totheY drop zone justinside the Y axis.

Defects per 1000 m & Yield (%) vs. Plant & Line

+

Line 2 ‘

PlantB - Defects per 1000 m
o - Yield (3%)

Line 1 % 3 l.}i ~{
@
£
.y
Z I
o
[= %
Mest this variable in the Y axis,
Line HH ’7 . . =
Plant &
-
Line 1 H El . L H
L ]
i 10 20 30 a0 70 20 a0 100

Defects per 1000 m Yield (3%)

Line has been nested within Plant. There seems to be a defect problem for Plant B,
Line 2. The distribution of yield seems to be the same. Remove Yield to focus on
Defects per 1000 m, then add Shift to the nested structure in the Y drop zone.

4. Drag Yield away from the X drop zone to a neutral area.
5. Drag Shift to the Y drop zone justinside the Y axis.
6. Click Done.

Remove the legend as the information it provides is already in the graph title and
axis labels. Add an informative graph title.

7. Clickthe red triangle next to Graph Builder and select Show > Legend.
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8. Click the graph title and enter Plant B, Line 2 Defects are high.

34

= Graph Builder
Plant B, Line 2 Defects are high
Might %———————— ———————————{
Line 2
Day %———————
Plant B
Might HI}—-
Line 1
:wH
L
£
=
& Might —{[%-3'3
[-™
Line 2
o HH -
Plant A
wsr HTH
Line 1
o
0 10 20
Defects per 1000 m
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Next, investigate low-yielding batches.

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




35

9. Returnto the Distribution report and select the bars for low yielding batches. Here
we have selected those with yield below 90%.

v ~Yield (%) |*

100

90

80

70

60

10. Examine the other histograms to look for possible relationships.

¥ ~Extruder Temp (C) 7 = Chill Roll Temp (C) ¥ ~Draw Ratio 7 ~'Line Speed (m/min)
24 4.5
150
270 £29)
4 140
260 20 130
- 18 35 120
16
3 110
240 14 100
' 12 25 90

Perhaps there is a relationship between Yield and Draw Ratio and Line Speed.
Examine with Graph Builder.

11. Select Graph > Graph Builder.
12. Drag Yield to the Y drop zone.

13. Drag Extruder Temp to the X drop zone.
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14.Click Done.

Yield (%) vs. Extruder Temp (C)
100
® Yield [3)
90 . » . sl 8 . L — Smooth
. I T T o R L N R S
. L R . e . *
™ L - '.. - .
': " :"‘.’--. . b
- - .
- . . &
L] - - L]
—_— . -
£ &0 . . *
- -
= .,
g . y
-
70
-
L]
a0
240 250 260 270
Extruder Temp (C)

There is not a strong relationship.
15. Click the red triangle next to Graph Builder and select Redo > Column Switcher.

16. In the Select Initial Column to Switch box, ensure Extruder Temp is selected.
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17.In the Select Replacement Columns, select Extruder Temp through Line Speed.

Select Initial Column to Switch

* 2 Columns

A Extruder Temp [C)

Al Yield (%)

Select Replacement Columns

> 19 Columns

Enter column name p -

1l Shift

A Extruder Temp (C)

A Chill Rell Temp (C)

A Draw Ratio

A Line Speed (m/min)

A Thickness (pm)

A Haze (%)

A Modulus (GPa)
- | Options

QK Cancel
18. Click OK.
¥ = Column Switcher ¥ = Graph Builder 53]
™ 4 Columns + Yield (%) vs. Extruder Temp (C)
A Extruder Temp (C) * Yield (%)
A Chill Rell Temp () - 100 — Smooth
A Draw Ratic
A Line Speed (m/min)
> = D
(]
— 90 . e v . ";...o".‘..“h . ..\:.‘ . °
el e ...' . e . .
L] - - . - L -
- .: AL RE T ., .'- .
L ] ..
L] - -
g BD . * - * . *
E S . . * .
L]
70
60 *
240 250 260 270

Extruder Temp (C)

You can use the Column Switcher to quickly examine the other relationships.
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19. Click Chill Roll Temp, then Draw Ratio, then Line Speed.

¥ = Column Switcher 7 = Graph Builder 53]
¥ 4 Columns + Yield (%) vs. Chill Roll Temp (C)
A Extruder Temp (C) * Yield (%)
- e
A Draw Ratio
A Line Speed (m/min)
> & Dp
(]
a0
—— N . Og..'. e .\'..“:::.:- P : o '3' . .
. P LI *e .
. * - - L] ‘. ~I o .
T fae . .
.« *° R - '. . .. . . .
. . * . -
by - -
g BD - * L]
- -
.
70
-
L]
60
12 14 16 18 20 22 24

Chill Roll Temp (C)

There is not a strong relationship.

¥ = Column Switcher ¥ = Graph Builder 53]
* 4 Columns + Yield (%) vs. Draw Ratio
A Extruder Temp () * Yield (3£)
A Chill Rell Temp (C) - 100 — Smooth

A Line Speed (m/min)

> Db
[+]
. a0
E 80
=
Z
@
70
-
a0
25 30 35 40

Draw Ratic

It looks like low or high draw ratio is related to low yield.
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¥ = Graph Builder
Yield (%) vs. Line Speed (m/min)
® Yield (32)
100 — Smooth

a0

&0

Yield (%)
-

70

60

a0 100 110 120 120 140 130
Line Speed (m/min)

It seems as if high line speed is related to lower yields. Let’s use the data
interactivity to explore if there is a relationship between the line speed and the draw

rate.

20. Press Start Over on the Graph Builder window.
21.DragYield to the Y axis.
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- Graph Builder I
start Over [0 [l @ il o 5 @ERE
" 20 Columns Yield (%)
Enter column name Ll
A Thickness (um)
AHaze (%) 100
AModulus (GPa)
A Tensile Strength (MPa)
A Opacity (%)
A Coefficient of Fricton
AWwaterEvapo... (g/m* 2/day) 20 :
A Oxygen Tran...(cc/m* 2/day) * Yield (9
A Defects per 1000 m 'g‘m
I | -]
G L) *
- Points F o H
Summary ... None 2 E
Error Interval Auto s
Interval Style Error Bar .
Jitter Auto 70
Jitter Side Centered
Jitter Smooth ’ .
Jitter Overlap
Jitter Limit ——
Label No Labels 60 .
Variables
Where(1 rows excluded)
22.Drag Line Speed to the X axis.
- Graph Builder LEI
Undo StartOverm B @ Ll i 5 @ ERE =
20 Columns Yield (%) vs. Line Speed (m/min)
Enter column name P
Date etc. (6/0)
AExtruder Temp (C) 100
Achill Roll Temp ()
A Draw Ratio
Line Speed (m/min)
A Thickness (um)
AHaze (%) a0 )
A Modulus (GPa) * Yield (%)
A Tensile Strength (MPa) —Smooth
A Opacity (%)
- Points g 80 . .
o . .
Summary ... None @ . . -
=
Error Interval Auto
Interval Style Error Bar :
Jitter Auto 70
Label No Labels .
Variables
- Smoother
Summary .. None 60 ’
Method Spline
Lambda '
Trim ’ 96 100 110- 120- 130 0 150
Confidence ... Line Speed (m/min)
Variables Where(1 rows excluded)

23. Drag Draw Rate to the right side of the X drop zone, so both variables are plotted.
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Undo StartOverm B @ e e SO (=

20 Columns

Enter column name ol
Date etc. (6/0)

A Extruder Temp (C)

A Chill Roll Temp (C)
Draw Ratio

A Line Speed (m/min)

A Thickness (um)

AHaze (%)

A Modulus (GPa)

ATensile Strength (MPa)

A Opacity (%)

Yield (%) vs. Line Speed (m/min) & Draw Ratio

100

90

- Points[Line Speed (m/min)] 80

Summary ... None

Yield (%)

. "\
Error Interval  Auto
Interval Style Error Bar . ) \
Jitter Auto 2 “‘
Label No Labels . . |
Variables

- Smoother[Line Speed (m/...

Summary ... None z 60
Method Spline

Lambda ‘ )
Trim ‘ ! 90 100 110 120 130 140
Confidence ...

35 A0mwrrrrea)
Line Speed (m/min) Draw Ratio
Variables Where(1 rows excluded)

150 25 3.0

* Yield (%)

—Smooth

* Yield (%)
Smooth

&

24. Drag and select the points on the Line Speed graph where Yield is less than 80.

100
90
< 80 .
T : C.
= .
2
70
60 )
90 100 110 120 130 140 150 2.5 3 3.5 4
Line Speed (m/min) Draw Ratio

The points selected in the Line Speed are all high settings (over 120 m/min), causing
yields below 80%. Looking at the Draw Ratio, the same points that use a Line Speed of
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over 120 m/min also use a high draw ratio over ~3.5. This indicates that there might be
an interaction between Line Speed and Draw Ratio leading to a decline in Yield.

25. Right Click the X axis of the Draw Ratio and select ‘Remove’.

Pods Settings...

Revert Axis

Add Axis Label...

Save To Column Property
Show Properties

Edit >

2.5 3 35 4
Draw Ratio

26. Drag Draw Ratio to the Group X drop zone.
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Yield (%) vs. Line Speed (m/min)
Draw Ratio
2.627-3.243 3.243-3.414 3.414-3.58 3.58-3.760 3.766-4.361
100
ag
L] .. .' * -
* ee
.
L ]
.
L]
E &0
=
€
2
70
.
L]
&0
a0 110 130 a0 110 130 90 110 130 a0 110 130 a0 110 130 150
Line Speed (m/min)

This graph shows the interaction effect of Line Speed and Draw Ratio. The effect of
Line Speed changes with the value of Draw Ratio.

To quickly identify variables/predictors in a process, the Predictor Screening
platform can quickly rank important variables.

27.Select Analyze > Screening > Predictor Screening
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£7 Predictor Screening - JMP Pro = O *

Screens many predictors for their ability to
predictan outcome.

Select Columns Cast Selected Columns into Roles Action

“ 20 Columns Y, Response 4 Yield (%)

M Date optional
Plant
Line

Cancel

Remove

Batch X required
Film Type optional
Shift = Help
Extruder Temp (C)
Chill RoII.Temp (@) By optional
Draw Ratio |
Line Speed (m/min)
A Thickness (um)
A Haze (%)
A Modulus (GPa)
A Tensile Strength (MPa)
A Opacity (%)
A Coefficient of Fricton
A Water Evap.../m*2/day)
A Oxygen Tra...c/m~2/day)
AYield (%)
A Defects per 1000 m

Recall

Number Trees 100
Set Random Seed

=
O
4

28.DragYield into Y, Response
29. Drag from Plant to Line Speed into X
30. Press OK.
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" ~ Predictor Screening

Yield (%)
Predictor Contribution Portion
Draw Ratio 3486.45 0.3747
Line Speed (m/min) 2972.70 0.3195
Batch 967.40 0.1040 |
Chill Roll Temp (C) 75891 0.0816] |
Extruder Temp (C) 736.71 0.0792 j
Film Type 11524  0.0124]
Line 109.50 0.0118]
Plant 82.05 0.0088]
Shift 7593  0.0082]

Rank~

O o ~1 o B WwWwMh =

Copy Selected

28 O

Looking at the ranking of the effect of the predictors on the Yield, Draw Ratio and
Line Speed account for a big amount of the change in Yield, with a portion of 0.375

and 0.319 respectively.

JMP has a wide array of analytical capabilities as well as strong graphing

capabilities. Let’s fit a linear model to the yield as a function of the four continuous

process variables. JMP’s Prediction Profiler is a powerful interactive graph to

visualize a statistical model.
31. Select Analyze > Fit Model.

32. SelectYield, then click Y, Response.
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33. Select Extruder Temp through Line Speed, then click Macros > Response Surface.

7 = Model Specification

Select Columns Pick Role Variables Personality:
=) 20 Columns - A vield (%) Standard Least Squares
A Date optiona Emphasis:
|:' P_Iant Effect Screening  w
'I' Line Weight | opfional numeric
1ls Batch Help Run
il Film Type Freq | optional numeric
1l Shift o T Recall 7] Keep dialog open
A Extruder Temp () Validation |optional numeric femove
A Chill Roll Temp (C) By optional

A Draw Ratio
A Line Speed (m/min)
A Thickness (um)

Construct Model Effects

A Haze (%) Add Extruder Temp (C) & RS
A Modulus (GPa) Chill Rell Temy (C) 8 RS
A Tensile Strength (MP3) Cross Draw Ratic & RS

A Cpacity (%) Mest Line Speed (m/min) & RS

A Coefficient of Fricton

A Water Evaporation Tran...ission Rate (g/m”2/day)
A Cuygen Transmission Rate (cc/m*2/day)

AYield (%)

A Defects per 1000 m

Extruder Temp (C)*Extruder Temp (C)
Extruder Temp (C)*Chill Rall Temp (C)
Degree Chill Roll Temp (C)*Chill Rell Temp (C)
Extruder Temp (C)*Draw Ratio

Chill Rell Ternp (C)*Draw Ratic

Draw Ratic*Draw Ratic

Extruder Temp (C)*Line Speed (m/min)
Chill Rell Temp (C)*Line Speed (m/min)
Draw Ratic*Line Speed (m/min)

Line Speed (m/min}*Line Speed (m/min)

Macros »

Attributes (w
Transform (=

[] Mo Intercept

34. Click Run.

35. Scroll to the bottom of the report to view the Prediction Profiler.

v = Prediction Profiler

100
= ap
= a0
1]
> 70
a0
T IR T R =y I S = =T
VI N I T - =
255.331 8.029 120.459
Extruder Chill Rell 3.5007 Line Speed
Temp (C) Temp (C) Draw Ratio [ min)

The profiler shows cross sections of the fitted response surface. There is one row for
each response variable, here just one. There is a panel for each factor in the model.
The horizontal red dashed line is the predicted value of the response at the current
settings of the factors, shown by the vertical dashed lines. You can drag the vertical
dashed lines to see how the predictions change with values of the factors. You can
also view the interaction between Draw Ratio and Line Speed.
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36. Drag the current value of Line Speed to a lower level.

7 = Prediction Profiler

100 ;
= 90 i
= a0 :
= :
= 70 :
60 5
o o o o [ e V= e e BN - T T T [ I o T e o T e T e T
IR e R s P = &8 — f AT m
Lol | ™ ™l ('] — T T T T T
LR 8.020 103.23
Extruder Chill Rall 3.5007 Line Speed
Temp (C) Temp (C) Draw Ratio (mymin)

At a low line speed, higher draw ratio is better (higher yield).

37.Drag the current value of Line Speed to a higher level.

7 = Prediction Profiler

100
g £58.91100 an :
o [87.57930 a0 :
] :
= 80.0428] 70
60 5
T W @ = oo o fl ol flaj = =R R R ;|
o IS B B Y —_
255.331 18.020 143.45
Extruder Chill Rall 3.5007 Line Speed
Temp (C) Temp (C) Draw Ratio [my/min)

At a high line speed, lower draw ratio is better.

Note that there are some combinations of the factors that result in a predicted yield
above 100%. This is a result of the model assumption of normality of the residual
values. There are statistical models that do not use a normal distribution, but they
are beyond the scope of this workshop.
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Summary

Data import

Data cleaning
\
/

Data visualisation

\
( Model fitting

Reporting results

Jmp

Now that you know the basic principles of graphing data, you can use JMP to import data

from Excel and other data sources, clean the data, and visualize the information you have

gathered. JMP also offers powerful platforms for statistical modeling and sharing results
with both JMP users and those who don’t have a JMP license.
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