These hands-on activities allow you to practice predictive modeling using JMP. Extract the data in

Predictive Modeling Hands-on Activity.zip for use in the following activities. The solutions follow
the instructions for the activities.

Continuous response, continuous predictors

1. Use the data in Practice 1.jmp to build predictive models. These data were collected over time.

a.
b.

e.

Visualize the data using Graph Builder and Multivariate. Are there any data problems?

Build a response surface model using Fit Model and the Response Surface macro. What is
the R? of the full model? Are there any problems with the model fit seen in the Residual by
Predicted plot? Which predictor variables are most important for predicting Y? Save the
prediction formula to the data table.

Build a neural network model using the default settings of the Neural platform. What is the R?
of the model on the validation set? Are there any problems with the model fit seen in the
Residual by Predicted plot? Fit another model with 50 nodes. Does this model have
appreciably better predictive capability? Save the prediction formula to the data table.

Build a decision tree model using the Partition platform with a 25% validation set. What is the
R? of the model on the validation set? How many splits are in the model? Are there any
problems with the model fit seen in the Actual by Predicted plot? Which variables are most
important for predicting Y? Save the prediction formula to the data table.

Build an Actual by Predicted graph for the three models using Graph Builder. Which model do
you prefer?

Categorical response, continuous and categorical predictors

2. Use the data in Practice 2.jmp to build predictive models.

a.
b.

C.

d.

Visualize the data using Graph Builder. Are there any data problems?

Build an ordinal regression model using Fit Model and the Response Surface macro. What is
the misclassification rate of the full model? Hint: open the Fit Details report. What is the
misclassification rate for the Acceptable group? Hint: open the Confusion Matrix report.

Build a neural network model using the default settings of the Neural platform. What is the
misclassification rate of the model on the validation set? In particular, what is the
misclassification rate of the Acceptable group? Fit another model with 50 nodes. What is the

misclassification rate of the model on the validation set? What is the misclassification rate of
the Acceptable group?

Build a decision tree model using the Partition platform with a 25% validation set. What is the

misclassification rate of the model on the validation set? What is the misclassification rate of
the Acceptable group?



Solutions

Continuous response, continuous predictors

1. Use the data in PM 1.jmp to build predictive models. These data were collected over time.

a. Visualize the data using Graph Builder and Multivariate. Are there any data problems?

1) Open PM 1.jmp.

> |PM 1 P4
Notes Simulated data | &
* | Columns (11/0)
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54,574
53.993
54126
53.838
53.758
54773
57167
50.063
58673
59.308
60.572
61,356
62,137
61.299
59.525
57.247
56,526

55.55

X1
12.04
13.25
187
19.53
14.01
9.94
15.28
27.09
2173
2518
17.3
17.81
2646
22.29
17.23
16.71
26,19
21.02

X2
4.07
8.21

11.87

13.02

10.14

11.88

14.98

14.96
0.14
4.38
2.93
1.34
AL
5.98
7.67
3.87
N
3.13

X3
6.96
-2.77
-3.65
-6.18
-0.67
10.958
26,74
32.60
21.81
2058
40.27
3878
3373
26.35
18.92
9.17
6.99
-0.46

X4
21.79
3442
2236
2079
2487
2064
3946
3539
3564
3045
3632
2683
2417
26,64
332
3187
15.28
26,75

X5
3222
3913
387
3871
46.62
3478
13.07
0.14
7.95
17.08
16.64
21.81
2385
23.76
16,78
16.42
13.62
2235

X6
3174
26.7
14.08
18.56
26.21
251
16.53
5.95
1074
12.51
16.49
21.89
19.14
2303
3007
29,76
21.68
23.76

X7
10.04
18.03
3203
255
2132
7.84
4,39
11.22
4,509
16.89
10.04
2582
3005
3088
12.12
1.97
2003
3202

X8
28.81
24.76
2235
24.26
3051
19.97
8.6
5.14
11.59
17.03
17.04
24.31
2557
2443
1643
16.24
2225
28103

X9
29.1
26,73
2472
2148
2054
2192
6.22
518
0.42
2023
2075
3078
3442
26,67
13.97
1246
2038
3525

X10
9.56
9.89

2045

12,53
5.55

10,84

1914

2065
2032
2472
18.26
2165
2205

15.44
8.45

1073

2437

1912

Build a time plot

2) Select Graph > Graph Builder.
3) DragY totheY zone.

4) Right-click Y and select Row > Row.

5) Drag Row to the X zone.
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Solutions 3

6) Click Done.

4 =/ Graph Builder

Y vs. Row
80 .y
. — Smooth

0 1000 2000 3000 4000 5000 2000 7000 &000
Row

The data appear to be correlated over the rows. In this case, the rows correspond to time
order. The mean and variability of the response appear to be constant over time. Add a
column switcher to reproduce this graph for the predictor variables.

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

8) SelectY from the Select Initial Column to Switch box.
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9) Select all columns from the Select Replacement Columns box.

Select Initial Column to Switch

|2 Columns
dl Fow

Select Replacement Columns

* |11 Columns

Enterco P |w

[* Options

| ok || Cancel

10) Click OK.
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11) Click on each variable in the Column Switcher in turn.

Solutions 5

4= |Column Switcher 4 = Graph Builder
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Many variables appear autocorrelated. No other data problems are evident. Save the

script to the data table.

12) Click the red triangle next to Graph Builder and select Save Script > To Data Table.

13) Enter Time Plot for the name.

Name: Time Plot W

Duplicate name handling: @ Append unique suffix
Replace existing script

| oK || Cancel || Help

14) Click OK.

Build a scatter plot

1) Select Graph > Graph Builder.
2) DragY totheY zone.
3) Drag X1 to the X zone.
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4) Click Done.

<1 |=|Graph Builder

&0
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-50

Y vs. X1

0
X1

50

100

The relationship between Y and X1 appears strong, positive, and linear. Add a column

switcher to reproduce this graph for other predictors.

5) Click the red triangle next to Graph Builder and select Redo > Column Switcher.
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Solutions 7

6) Select all columns in the Select Replacement Columns box.

Select Initial Column to Switch

* |2 Columns

¥

Select Replacement Columns

* 10 Columns

Enterco B |w

[ Options

| QK || Cancel |

7) Click OK.
8) Click on each variable in the Column Switcher in turn.

4|~ Column Switcher | 4 ~/Graph Builder

>|10 Columns [ Y vs. X6
R &0 .y
ﬁ X2 IE‘ . . . — Smooth
W3
4 x4
4 x5 70
A x7
d X8
A xo 60
A x10
> (] (] ;
50
—
a0
30

-20 ] 20 40 60
X6

Other relationships are also strong. Save the script to the data table.
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9) Click the red triangle next to Graph Builder and select Save Script > To Data Table.
10) Enter Y vs. Predictors for the name.

Name: “vs, Predictors ~

Duplicate name handling: @ Append unique suffix
Replace existing script

| OFK || Cancel || Help |

11) Click OK.
Another way to view the relationships among variables is with the Multivariate platform.
Multivariate

1) Select Analyze > Multivariate Methods > Multivariate.

2) Select all columns, then click Y, Columns.

Expleres correlations among multiple numeric variables,

Select Columns Cast Selected Columns into Roles Action
=11 Columns 4
Ay al ¥

Cancel
e o
4 x2 FEe
4 ¥5 optional numeric
A X6
A x7
A xs
A x9
4 x10
Wariance Estimation Default =

Matrix Format Square =
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3) Click OK.
4 Correlations

¥ X1 X2 W3 ¥4 X5 X6 X X8 X9 X10
Y 1.0000 0.6719 0.4120 0.7436 -0.2675 -0,4234 -0.5353 0.5048 -0.2367 0.2372 0.6006
xi 0.6719 1.0000 0.3036 0.4164 -0.5867 -0.3466 -0.5931 0.7058 -0.0762 0.4266 0.6786
x2 0.4120 0.2020 1.0000 0.2444 -0.1384 -0.4566 -0.67195 0.1828 -0.0868 -0.2185 0.5397
X3 0.7486 0.4164 0.3444 1.0000 -0.3218 -0,3054 -0.4937 0.3547 -0.2412 0.1735 0.5240
x4 -0.2675 -0.5867 -0.1384 -0.3218 1.0000 0.1029 0.4253 -0.6105 -0.1421 -0.5274 -0.5574
X5 -0.4234 -0.2466 -0.4566 -0.3054 0.1028 1.0000 0.4808 -0.1802 0.5904 0.1900 -0.4268
X6 -0,5353 -0.5931 -0.6195 -0.4937 0.4253 0.4806 1.0000 -0.5046 0.4938 -0.1932 -0.6238
X7 0.5048 0.7058 0.1828 0.3347 -0.6105 -0.1802 -0.5046 1.0000 0.1086 0.5619 0.6371
X8 -0.2367 -0.0762 -0.6868 -0.2412 -0.1421 0.5904 0.4988 0.1086 1.0000 0.6370 -0.3387
X0 0.2372 0.4266 -0.2185 0.1735 -0.5274 0.1900 -0.1932 0.5619 0.6370 1.0000 0.3705
Xx10 0.6006 0.6786 0.5397 0.5240 -0.5574 -0.4268 -0.8238 0.6371 -0.3387 0.3705 1.0000

There are many large positive (blue) and negative (red) correlations among the

variables.
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4 |=|Scatterplot Matrix
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The same scatter plots that you created in Graph Builder can be seen all at once in the
Scatterplot Matrix.
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4) Click the red triangle next to Multivariate and select Color Maps > Color Map on

Correlations.

£ Color Map on Correlations
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x2
X
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This color map duplicates the information in the correlation matrix but might be easier to

read.

No data problems other than the autocorrelation, are detected. Save the script to the

data table.

5) Click the red triangle next to Multivariate and select Save Script > To Data Table.

6) Click OK.
7) Save the data table.

b. Build a response surface model using Fit Model and the Response Surface macro. What is
the R? of the full model? Are there any problems with the model fit seen in the Residual by
Predicted plot? Which predictor variables are most important for predicting Y? Save the

prediction formula to the data table.
1) Select Analyze > Fit Model.
2) SelectY, then click Y.
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3) Select X1 through X10, then click Macros > Response Surface.

< |~ Model Specification
Select Columns Pick Role Variables Personality: Standard Least Squares
|11 Col
v o A Emphasis | ptinimal Report
A X1 R
Fie | Help | | Run
[ Keep dialog open
al x4 optional numeric =
-emcu.fe

A X6
ppe
4 xs
A ¥o Construct Model Effects
4x10 X1 8k

o

o= X3 &RS

1588

Degree ¥T & RS

Attributes [+ ¥5 & RS

Transform (=) | X9 8 RS

[] No Intercept | %10 & RS

4) Click Run.
5) Close the Effect Summary report.
A Summary of Fit

RSgquare 0.8509623
RSguare Adj 0.88874
Root Mean Square Error 1.635233
Mean of Response 55.07844
Observations (or Sum Wagts) 7875

R? is about 89%, meaning that 89% of the variability in Y is explained by this model. One
standard deviation of the unexplained variability is about 1.6. Check model assumptions.
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6) Click the red triangle next to Response Y and select Row Diagnostics > Plot Residual

by Predicted.

A Residual by Predicted Plot
3
L
E .
2 0 ]
= .
-
-5
L
-10
30 40

50 a0
% Predicted

No problems are seen in the residual plot. Plot the residuals in time order (row order).

7) Click the red triangle next to Response Y and select Row Diagnostics > Plot Residual

by Row.

£ Residual by Row Plot

Residual

0 2000

4000
Row Mumber

6000

Autocorrelation in the residuals is also seen. Examine the Actual by Predicted plot to see

how much the autocorrelation affects the predictions.
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8) Click the red triangle next to Response Y and select Row Diagnostics > Plot Actual by
Predicted.

A Actual by Predicted Plot

¥ Actual

30 40 50 ol 70
¥ Predicted RMSE=1.6352 R5g=0.89
Pvalue==0001

No bias is seen in the predictions.

Because there are so many observations, looking at p-values to determine variable
importance indicates that all variables are important. See the Parameter Estimates
report. To find the most important variables, examine the Effect Summary report.

9) Open the Effect Summary outline.

< Effect Summary
Source Logworth PValue
X2 1868.746 0.00000
X1 1026.435 0.00000
Xd 576.080 [ 0.00000
X34 357344 0.00000
X2 105.755 0.00000
x5 69.746 | 0.00000
X7 44202 [ | | 0.00000
X2*X0 27,080 [ | 0.00000
X6 28.913 | 0.00000
K24 12,120 0.00000
X1*X0 11.910 0.00000
X8 11,722 0.00000
X4 9,259 0.00000
X10 7.001 0.00000
X2*X10 5.289 0.00000
X0 5.028 0.00001 *

The most important variables for predicting Y are X3, X1, X4, X2, and X5. All main effects
and many two-factor interactions are important.

Save the prediction formula.
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10) Click the red triangle next to Response Y and select Save Columns > Prediction

Formula.

11) Return to the data table and rename the last column as Pred Y RS.

12) Save the data table.

c. Build a neural network model using the default settings of the Neural platform. What is the R?
of the model on the validation set? Are there any problems with the model fit seen in the
Residual by Predicted plot? Fit another model with 50 nodes. Does this model have
appreciably better predictive capability? Save the prediction formula to the data table.

1) Select Analyze > Predictive Mo

deling > Neural.

2) SelectY, then click Y, Response.
3) Select X1 through X10, then click X, Factor.

4) If you want your results to match this solution, enter 98765 as the random seed.

Select Columns

* |12 Columns
Ay

X1

4 X2

e

4 x4

d x5

A X6

A x7

A xa

A x9

4 x10

4l Pred Formula ¥

Set Random Seed

Predicts cne or more response variables using a flexible function of the input variables,

Cast Selected Columns into Roles

. Resporse] | 4 ¥

[ X Factor || 4 %
4 X2

4l 33
Al x4

antional numeric
oplional

Action

Cancel

Remove

Recall

Help

5) Click OK.

A = Neural

< Maodel Launch
Validation Method

Holdback A

Hidden Nodes

Reproducibility:

Holdback Proportion | 0.2232 Random Seed| 08765
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6) Click Go.
£ = Model NTanH(3)
A Training £ Validation
AY AY
Measures Value Measures Value
RSquare 0.8816073 RSquare 0.8800302
RASE 1.697623 RASE 1.6680197
Mean Abs Devy  1.2222362 Mean Abs Dev  1.282874
-Loglikelihoed 1022788 -Loglikelihcod 3067.7611
SSE 151301 SSE 7303.5107
Sum Freg 5250 Sum Freg 2625

R? on the validation set is about 88%. Examine the model diagnostics.
7) Click the red triangle next to Model NTanH(3) and select Plot Residual by Predicted.

4 Residual by Predicted Plot

Training

¥ Residual

30 40 50
Y Predicted

Validation

¥ Residual

60 70 30

40 50

Y Predicted

60 70
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8) Click the red triangle next to Model NTanH(3) and select Plot Actual by Predicted.

< Actual by Predicted Plot

Training Validation

30 40 50 60 70 30 40 50 60 70
Y Predicted ¥ Predicted

No model problems are evident. Fit a model with more nodes to see if it improves the fit.
9) Open the Model Launch outline.
10) Enter 50 in the Hidden Nodes box.

11) Click Go.
< = Model NTanH(50)
£ Training A Validation
AY AY
Measures Value M easures Value
RSgquare 0.8908253 R5quare 0.8595211
RASE 1.5615568 RASE 1.6067805
Mean Abs Dev  1.2157681 Mean Abs Dev  1.2400576
-Leglikelihoed 9789.2644 -Leglikelihoed 49695739
SSE 12801913 SSE 7770760
Sum Freg 5250 Sum Freg 2625

R? on the validation set has increased by less than one percent. RASE and Mean Abs
Dev are lower in the second decimal place. The model is not appreciably better.

Save the prediction formula from the model with three nodes.

Note: JMP Pro has the capability of adding nodes of other activation functions. If you
have nonstationary data collected over time, that is, if the mean is drifting over time, it is
recommended to add one linear node as well. For this data set, because the
autocorrelation is stationary, adding one (or more) nodes with linear activation functions
does not improve the predictive power of the model appreciably.

Save the prediction formula for the simpler model, then save the analysis.
12) Click the red triangle next to Model NTanH(3) and select Save Profile Formulas.

13) Return to the data table and rename the last column as Pred Y NN.
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14) Return to the Neural report, then click the red triangle next to Neural and select Save
Script > To Data Table.

15) Click OK.
16) Save the data table.

d. Build a decision tree model using the Partition platform with a 25% validation set. What is the
R? of the model on the validation set? How many splits are in the model? Are there any
problems with the model fit seen in the Actual by Predicted plot? Which variables are most
important for predicting Y? Save the prediction formula to the data table.

1) Select Analyze > Predictive Modeling > Partition.
2) SelectY, then click Y, Response.

3) Select X1 through X10, then select X, Factor.

4) For Validation Portion, enter 0.25.

Builds a decisicn tree to predict a response,

Select Columns Cast Selected Columns into Roles Action
=13 Columns 4y
4 Xz

ae 4x

4 x2

o 4x
4x “
A x7

A xe optional numeric
A xo optional mumeric

4 x10

all Pred YRS optional
a Pred Y NN

Opticns

Method Decision Tree w

Validation Portion 0.25

Informative Missing
COrdinal Restricts Order
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5) Click OK.

A = Partition forY

All Rows
| Split || Prune || Go NMumber
RSquare RASE N of Splits AlCc
Training 0.000 . 5882 ]
Validaticn . . 19493
* All Rows
Count 5882

Mean  35.119353
Std Dev  4.9211854

[> Candidates

Your results will be slightly different because your validation data are different.
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6) Click Go.

.1 = |Partition for Y

P
-

i !
’Fﬁ - %ﬁ TR % iﬁﬁax 4;;(;-:{ ' ??E;
(KKK

13(11‘13{ X1 @JC*D(KKEK 13 <1 S0P BT RO P [

B B3 [ 23 K3 =33 = Pk [ P <[ = =13 1 (3 <2 3= o3 <2 X
P2 M5X5< (X3 M3>=-8.8X1 <33 M1M1<4.092| X1>=492 Kd<1(Xd>=135Kd4<[d>=-4.00
HIM3I==-1[ X1<1536 |[X1>=153 X3<20.58 X3»=20538 X1<6055 [

X1<-4.78 X1>=-4.78 X1<3141 X1==3141

¥3<6.91 X3=»=h.91
All Rows
Split || Prune || Go Mumber

RSquare RASE N of 5plits AlCc
Training 0.841 19600352 3882 111 248396

Validation 0.793 2.2040714 1993

£ Split History
1.00

0.75 =

0.50

R-Sgquare

0.25

0 20 40 60 a0 100 120
Murnber of Splits

Validation Data in Red
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The data are split until the next 10 splits do not improve R? on the validation set, then the

model is pruned back. R? on the validation set is about 79%, a decrease from the linear
model or the neural network model. There were 111 splits.

Assess the model.

7) Click the red triangle next to Partition for Y, then select Plot Actual by Predicted.

4 Actual by Predicted Plot
Training Set

Actual

30 40 50 a0 70
Predicted

Validation Set

Actual

30 40 50 a0 70
Predicted

There are no problems evident in the model fit.
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8) Click the red triangle next to Partition for Y, then select Column Contributions.

1 Column Contributions
Number
Term of Splits 55 Portion
x3 27 705253467 | 0.5885
X1 26 36712723000 0.3064
X4 24 BB77.58335 :| 0.0574
*a 11 1933.18861 :| 0.0161
X2 4 12341374 ] 00103
X5 4 4953,721499 ] 0.0080
X7 7 821.028473 ] 0.008%
X8 4 438.13?833| 0.0037
Xx10 3 259799041 | 0,002
X 1 74.272530 0.0006

The report is ordered by the portion of variability in Y explained by the predictors. X3, X1,
and X4 are the top three predictors.

Save the prediction formula.

9) Click the red triangle next to Partition for Y, then select Save Columns > Save
Prediction Formula.

10) Click the red triangle next to Partition for Y, then select Save Script > To Data Table.
11) Click OK.

12) Return to the data table and rename the last column to Pred Y DT.

13) Save the data table.

e. Build an Actual by Predicted graph for the three models using Graph Builder. Which model do
you prefer?

1) Select Graph > Graph Builder.

2) Drag Y totheY zone.

3) Drag Pred Y RS, Pred Y NN, and Pred Y DT to the X zone together.
4) Right-click in the graph and select Customize.

5) Click the plus sign icon to add a new graphics script.
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6) Entery function(x, x); in the script editor box.
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[#][3][=][*]

Grid Lines
Reference Lines
Marker

Marker

Marker
Smoother
Smoother
Smoother

Properties

|Tem plates '-'| |Samples '-'|

y function(x, x);

oK

Apply

Close

Help

7) Click OK.

8) Remove the smooth curve.

9) Click Done.
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10) If you are going to publish this graph, change the graph title to Actual by Predicted,
change the X axis title to Predicted, and change the markers for each X variable.

1 || Graph Builder
Actual by Predicted

Predicted

< Y/Pred YRS
Y/ Pred Y NN
OY/PredYOT

The fits are fairly similar. The decision tree model gives chunky predictions because it is

using discrete leaves to predict a continuous response.
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Categorical response, continuous and categorical predictors

2. Use the data in PM 2.jmp to build predictive models.

a. Visualize the data using Graph Builder. Are there any data problems?
1) Open PM 2.jmp.

Solutions
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~IPM2 K =
Notes Simulated data Y X1 | X2 | X3 | X4 X5 | X6 X7 X8 X9 | X10 X1 Xi2 X13 X14 | XI5 | X16 X7 X18 X19 | X20 | Xa1 | X2 | X23 X2
<) Columns (25/0) 1|VeryGo.. 1889 2878 561 2117 28 484 865 2014 018 705 1381 7.5 Red 1572 1191 2704 252 B 22 772 2649 084 7.85 1970
5 2|perfect | 3173 2482 1145 2138 2056 052 2043 1503 -226 1084 252 -2.07 White 3021| 2087 1585 2256 A 3683 1994 2569 -1271 428 2056
e 3|Good 1318 3132 819 198 2299 448 1842 1671 136 1061 1455 0.9 White 2199 3130 18.67 2513 B 151 876 2381 206 009 236
41 4| Good 2457 1963 018 1772 2689 764 1546 1274 -0.65 865 7.36 -1002 Whie 2145 1242 2561 1956 C 4376 1288 2899 -5.92 058 3303
4 x2 5|VeryGo.. | 2423 2639 273 2524 2708 581 1645 2082 -9.03 952 381 -6.39 Whit 2101] 1405 2022 2625 A 2853 193] 2673 324 401 2138
3 6| Good 978 3065 384 17.08 2743 038 1517 2323 485 1191 197  -3.35 White 1776 19.99 1772 2445 B 2073 947 2346 1087 078 2583
X 7|veryGo.. | 2674 3389 91 2129 2539 981 2562 2052 007 1151 174 2.82 White 1742 1347 1774 3072 A 1292 -035 23 2295 593 128
:;; 8| Good 1033 2636 151 216 2845 212 7 664 538 1329 1584 -1017 White 1853 2266 2085 2258 C 2079 -085 2208 1313 02 3009
9|perfect | 2831 1862 351 2449 2072 769 1313 -424 233 1392 425 -4.42 White 2772| 2125 2082 1834 A 399 -1977 2259 -588 -84 219
X7
4 10|VeryGo.. | 2595 2177 506 2184 2241 824 1933 108 163 1194 241  0.11 White 2493 2367 1784 2678 A 2165 9 246 1383 081 1568
4o 11| Good 216 2675 446 1176 2461 844 2908 2839 -549 474 598 -0.61 Red 158 1885 189 2656 B 1782 301 2847 1628| 1022 2937
d X10 12| Good 2063 2514 543 1621 2473 -178 2888 1733 -485 988 082 -6.67 Whit 2122 1771 1934 2254 8 3201 -911 2565 693 119 3027
X1 13| Good 679 3253 45 546 3075 281 346 1792 084 1348 2188 -804 White 177 1747 2207 2542 C 2633 531 2223 1584 273 2282
14| Very Go... | 1613 3489 4 1866 2273 443 29 1294 644 1436 1628 -3.53 Blue 2497| 2047 191 2548 A 3014 715 199 648 29 856
s y
414 15|VeryGo.. | 1365 3754 304 211 2688 509 2656 2164 -495 054 17.86 -3.38 White 1717 1753 2139 3145 A 1922 302 2313 212] 871 116
4 xis 16 | Perfect | 3208 271 16 3320 1989 81 374 2877 028 886 -0.29 573 White 237 2706 1623 2651 A 2013 -574 2546 264 -0.27 228
4 x16 17|VeryGo.. | 307 273 803 2684 19.09 685 4382 1132 215 1422 759 086 Blue 2519 2300 1663 2624 A 2555 1737 22 T.ST -316 1604
4 X17 18 Very G 3072 2487 9.8 2762 1839 647 2728 2048 054 807 048 3.6 White 2788| 222| 1588 2057 B 2635 -1258 2694 256 -5.58 1415
00 .07 7 . E 3 . E T - . 7. 8 ite .07 i E 7. f s 2 z . T
:gg 19 Good 1807 207 599 2032 2214 081 3128 2673 -24 049 786 202 Wh 2207| 238 164 2723 A 2564 481 2454 1843 225 1676
4 %20 20|VeryGo.. | 2200 2032 836 2266 1681 1028 2631 1991 356 1263 835  5.67 White 2768 3593 1268 2497 A 178 904 201 405 342 186
4 x21 21 Good 2533 3693 1832 1643 1547 077 1873 4002 03 866 274 1582 Whie 2375 4735 731 2951 A 849 1444 1986 227 -142 1889
d 22 22|VeryGo.. 1623 2808 -074 845 2018 -1.67 1768 2107 -T71 1035 158  -9.62 White 178 758 3019 2813 B 2031 -597 2502 572 872 1300
| x23 23| Good 961 2725 -262 619 2798 -0.53 1423 263 043 137 1621 -1102 White 19.67 1507 2029 2312 B 2559 -1258 2151 1282 -D04 1506
4 x24 24 Good 695 3854 576 958 2336 1279 450 88 843 1823 2512 156 White 2324 3285 436 2863 B 975 1413 182 3024 -428 12.84
~IRows 25|VeryGo. | 1402 27 352 2477 2701 221 3084 509 -l1 1422 1455  -4.22 White 2303| 1083 1897 2612 A 3432 -661 2075 1118 191 54
All rows 2,751 26|VeryGo.. | 3691 3398 1537 2722 1884 733 3582 3754 -583 524 65 92 White 1622 2794 939 2783 A 2099 -394 2891 886 629 19358
E:‘T“‘didd g 27| Very Go... | 1813 2143 3 1048 3001 -1209 628 704 -833 921 535 -1476 White 202 821 3052 2057 C 4934 -1659 2711 -666 074 2841
clude
Hidden 0 28|VeryGo.. | 926 3201 -575 1535 3027 726 2766 1803 181 1261 2484 -3.02 White 1369 1363 2391 2791 A 2306 1205 2143 1758 652 -154
Labeled 0 29| Good 1294 3212 083 17.24 3018 648 7.21 207 -427 11.66 2402 -63 White 1408 1524 2512 2822 B 185 665 239 2451 693 854

2) Select Graph > Graph Builder.
3) DragY totheY zone.

4) Drag X1 to the X zone.

5) Select the Boxplot element on the Elements bar.

Copyright © 2023, JMP Statistical Discovery, Cary, North Carolina, USA. ALL RIGHTS RESERVED.




26

6) Click Done.

A =/ Graph Builder

Acceptable

Good | *

Very Good

Perfect

Xlvs.Y

&

X1

—
-

10

20

X1

30

40 30

7) Click the red triangle next to Graph Builder and select Redo > Column Switcher.
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8) In the Select Replacement Columns box, select all continuous columns.

Select Initial Column to Switch

* |2 Columns
X1
ol Y

Select Replacement Columns

|24 Columns

Enterco P |w

[* Options

| ] || Cancel

9) Click OK.

£ [=|Column Switcher 4~ Graph Builder

|22 Columns Xdvs. Y

4l x1 ¥4
a x2 E =

a4 X3
Acceptable
X5

A X6
A X7

J X2
:ifu Good ll}— 4{ fe o0
4 X

al ¥12
a ¥14

a X135
d x19

4 x20
A X271

 xzz

: ;:i Perfect . }— —‘ .

[>] (=]
T T T T u T ’ T ! T

|§| 0 10 20 30 40

— g m—] X4

Several strong relationships between Y and the predictors can be seen.
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Build visualizations for the categorical predictors.
10) Select Graph > Graph Builder.
11) Drag Y tothe Y zone.
12) Drag X13 to the X zone.
13) Drag X18 to the X axis to the right of X13.
14) Select the Heatmap element from the Elements bar.
15) Click Done.

i1 (| Graph Builder

Yvs. X13 &X18

Count
1200
1000
800
600 Count
400
200

Acceptable

Good

Very Good

Perfect

Blue Red White A B C D
X3 X8

There appears to be an association between Y and both categorical predictors.
No data problems are evident in either graph.

b. Build an ordinal regression model using Fit Model and the Response Surface macro. What is
the misclassification rate of the full model? Hint: open the Fit Details report. What is the
misclassification rate for the Acceptable group? Hint: open the Confusion Matrix report.

1) Select Analyze > Fit Model.
2) SelectY, then click Y.
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3) Select X1 through X24, then click Macros > Response Surface.

<l | Model Specification
-5Select Columns ——— - Pick Role Variables Personality: | Ordinal Logistic
[*]25 Celumns all Y
Enter column name £ - aptional | Help | | Run
X5 IS
: [] Keep dialog open
X6 | Weight || aptional numeric |
4%
4 x3 | Freg || optional numeric |
al x9 | By || optional |
A X0
4l X171 - Construct Model Effects
. x13 X2 BLRS
“xe X4 & RS
4 x16 XS & RS
A x17 Macros = 116 & rs
- X18 Degree X7 & RS
4 x19 Attributes (v | X8 & RS
: *20 Transform (=] | ¥9 & RS
A2 X10 & RS v
A 22
A 23
A 24 v
4) Click Run.

5) Close the Effect Summary outline.
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6) Open the Fit Details outline.

1 = Ordinal Logistic Fit for Y

[* Effect Summary

4 Whole Model Test
Model -Loglikelihood DF ChiSquare Prob:ChiSq
Difference 1883 4797 396 3766959 01~
Full 1019.9889
Reduced 2903 4688
RSguare (L) 0.6487
AlCc 297375
BIC 519995
OChbservations (or Sum Wagts) 2751

4 Fit Details
Measure Training Definition
Entropy RSquare 0.6487 1-Leglike(model)/Loglike(0)
Generalized RSquare 0.8485 (1-(L(0)Limodel))™(2/n)2 (1 -LIO2/m)
Mean -Leg p 0.3708 3 -Legip[l/n
RASE 0.2391 v 3y[l-ell)*n
Mean Abs Dev 0.2280 % |y[il-elj])/n
Misclassification Rate 01632 ¥ (p[jlzpMax)/n
M 2751 n

The misclassification rate is about 16%.

7) Click the red triangle next to Ordinal Logistic Fit for Y and select Confusion Matrix.

4 Confusion Matrix
Training

Actual Predicted Count
Y Perfect Very Good Good Acceptable
Perfect 316 128 0 0
Very Good 71 1083 107 0
Good 0 137 886 1
Acceptable 0 0 5 15

Actual Predicted Rate
Y Perfect VeryGood Good Acceptable
Perfect 0.712 0.28% 0.000 0.000
Very Good 0.056 0.859 0.085 0.000
Good 0.000 0.134 0.865 0.001
Acceptable| 0,000 0.000 0.230 0.750

The misclassification rate for the Acceptable group is 1 — 0.75 = 0.25. Five Acceptable
observations were classified as Good.

c. Build a neural network model using the default settings of the Neural platform. What is the
misclassification rate of the model on the validation set? In particular, what is the
misclassification rate of the Acceptable group? Fit another model with 50 nodes. What is the
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misclassification rate of the model on the validation set? What is the misclassification rate of
the Acceptable group?

1) Select Analyze > Predictive Modeling > Neural.
2) SelectY, then click Y, Response.
3) Select X1 through X24, then click X, Factor.

4) If you want your results to match this solution, enter 11793 as the random seed.

Predicts cne or more response variables using a flexible function of the input variables.

Select Columns Cast Selected Columns into Roles Action
=25 Columns FY
: ;1 aptional
d xz

) 2%

4 x2

“ dx
4x pi
A x7

‘ KB opiioial MUMmenc
4 X9 aptional
4 X10

Jl X11

X1z

ik 13

4 X14

4 X15

4 X186

4 X17

a X18

A x19

A x20

al X21

A X322

A x23

al X24

Set Random Seed | 11793
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5) Click OK.
A [~ |Neural
4 Model Launch

Validation Method
Haldback = Reproducibility:

Holdback Proportion | 0.3333 Random Seed| 11753

Hidden Nodes| 3]
6) Click Go.
< = Model NTanH(3)
£ Training < Validation
AY AY

Measures Value Measures Value

Generalized RSquare  0.7826338 Generalized RSguare  0.7795663

Entropy RSquare 0.5517212 Entropy RSquare 0.547143

RASE 0.3866163 RASE 0.3933%46

Mean Abs Dev 0.2954718 Mean Abs Dev 0.2960454

Misclassification Rate 0.2045827 Misclassification Rate 0.2265795

-Leglikelihocd 266.6759 -Leglikelihcod 439,32126

Sum Freg 1833 Sum Freg 18

Confusion Matrix Confusion Matrix
Actual Predicted Count Actual Predicted Count
Y Perfect VeryGood Good Acceptable Y Perfect VeryGood Good Acceptable
Perfect 191 105 ] a Perfect 28 al ] 0
Very Good ]3] 0a2 a4 ] Very Good 31 331 59 0
Good 0 a7 585 ] Good ] 51 291 0
Acceptable ] a 13 a Acceptable ] a ) a
Confusion Rates Confusicn Rates
Actual Predicted Rate Actual Predicted Rate

Y Perfect VeryGood Good Acceptable Y Perfect VeryGood Good Acceptable
Perfect 0.645 0.355 0.000 0.000 Perfect 0.595 0.405 0.000 0.000
Very Good 0.078 0.810 0112 0.000 Very Good 0.074 0.786 0.140 0.000
Good 0,000 0142 0.858 0.000 Good 0.000 0.149 0.851 0.000
Acceptable|  0.000 0.000 1.000 0.000 Acceptable| 0.000 0.000 1.000 0.000

The misclassification rate on the validation set is about 23%. The misclassification rate of
the Acceptable group is 100%. All seven observations in the Acceptable group were
misclassified as Good. All thirteen observations in Acceptable group in the Training data
were also misclassified as Good.

7) Open the Model Launch outline.
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8) Change the number of Hidden Nodes to 50.

<1 Model Launch
Hidden Modes
9) Click Go.
£ = Model NTanH(50)
£ Training A Validation
AY AY

Measures Value Measures Value

Generalized RSquare  0.8760636 Generalized RSquare  0.7325104

Entropy RSquare 0.6962504 Entropy RSquare 0.4586919

RASE 0.2150258 RASE 0.4114429

Mean Abs Dev 0.2159405 Mean Abs Dev 0.28339a1

Misclassification Rate 0.1352973 Misclassification Rate 0.2352941

-Loglikelihood 587.19368 -Loglikelihcod 494,02749

Sum Freq 1833 Sum Freq 018

Confusion Matrix Confusion Matrix

Actual Predicted Count Actual Predicted Count

Y Perfect VeryGood Good Acceptable Y Perfect VeryGood Good

Perfect 22 75 0 a Perfect a6 22 ]

Very Good 40 749 53 a Very Good 41 315 65

Good 1 72 07 2 Good a 25 266

Acceptable 0 0 5 a Acceptable 0 0 2

Confusion Rates Confusion Rates

Actual Predicted Rate Actual Predicted Rate

Y Perfect VeryGood Good Acceptable Y Perfect VeryGood Good

Perfect 0.747 0.253 0.000 0.000 Perfect 0.644 0.351 0.000

Very Good 0.048 0.890 0.063 0.000 Very Good 0.097 0745 0154

Good 0.001 0106 0.890 0.003 Good 0.000 0161 0.836

Acceptable| 0.000 0.000 0385 0.615 Acceptable| 0.000 0.000 0.286

Acceptable
0

0
1
5

Acceptable
0.000
0.000
0.003
0.714

The misclassification rate on the validation set is again about 23%. The misclassification
rate of the Acceptable group is about 29%.

d. Build a decision tree model using the Partition platform with a 25% validation set. What is the
misclassification rate of the model on the validation set? What is the misclassification rate of
the Acceptable group?

1) Select Analyze > Predictive Modeling > Partition.
2) SelectY, then click Y, Response.
3) Select X1 through X24, then click X, Factor.
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4) For the Validation Portion, enter 0.25.

-5elect Columns

[*]25 Columns

oY
4 X1
Al X2
Al X3
all ¥4
4 ¥5
A X6
A X7
J X8
Al X9
4 X10
4 X1
al ¥12
ik x13
J ¥14
4 ¥15
4 X186
4 X17
al K18
4l 19
4 ¥20
4 ¥21
Jl 22
J ¥23
J X24

Builds a decision tree to predict a response.

~Cast 5elected Columns into Roles

~Action

W, Response|| -l Y | OK
optional
X Factor || 4 X1 | Remove
4%
4 3
4l ¥4

| Weight || aptional numeric

| Freq || aptional numeric

-Options

Method | Decision Tree

Informative Missing

Validation Portion 0.25

Ordinal Restricts Order

optional
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5) Click OK.

A [~ |Partition for Y

All Rows

| Split || Prune || Go ||C|:|I|:|rP-:|ints| Number

RSquare N of Splits

Training 0.000 2064 ]
Validation . B87

= All Rows

[ |

Count G2

2064 4403.5826
[* Candidates

6) Click Go.
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7) If needed, to remove the tree from the output, click the red triangle next to Partition for Y

and select Display Options > Show Tree.

<4 = Partition for Y
1.00 d';
P
0.75
]
Y 0.50
.l
0.25
-
-
.
0 iy CA
22 s X232 <]
X24>=T726 K2 KEE}F{ K15-:2|K15 X1 |X‘IE:>= K|K1
H22==4 KK15>:9.F(1 {24 >=1|X24 |¥22 <1401 [K22>=14, XEDPXEd} X24
W20= X20<708  [K20==-896 X20<-396 X18(8) MIB(OX22==-0. 2
¥10<242 K19==242 ¥22>=003 ¥22<603
X184 X18(B,C, IOV
All Rows
Split || Prune || Go ||Cﬂ|urPﬂints Number
RSquare N of Splits
Training 0.486 2049 19
Validation 03,1 702
£ Split History
1.00
0.75
z
3
o 0.50 e
1‘,:1 __.______-—
= —
0.25 /
0
0 10 20 30
Mumber of Splits
Validation Data in Red
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8) Click the red triangle next to Partition for Y and select Show Fit Details.

37

063898 (1-(L{0)/Limodell)(2/n))/(1-LIO™2/n])

< Fit Details
Measure Training Validation Definition
Entropy RSquare 0.4856 0.3907 1-Loglike{model)/Loglike(0)
Generalized R5quare 0.7292
Mean -Log p 0.5419 0.6433 § -Leglp[l)/n
RASE 0.4226 0.4513 ¥ Fiylil-ell)n
Mean Abs Dev 0.2430 0.3672 3 [y[l-elll/n
Misclassification Rate 0.2479 0.2749 % (p[jlzpMax)/n
M 2049 702 n
4 Confusion Matrix
Training
Actual Predicted Count
Y Perfect VeryGood Good Acceptable
Perfect 170 159 3 0
Very Good 57 733 137 0
Good 1 140 629 7
Acceptable ] a 4 ]
Actual Predicted Rate
Y Perfect VeryGood Good Acceptable
Perfect 0.512 0.479 0.009 0.000
Very Good 0.061 0.791 0.148 0.000
Good 0.001 0.180 0.810 0.009
Acceptable| 0.000 0.000 0.308 0.602

Walidation

Actual Predicted Count
Y Perfect VeryGood Good Acceptable
Perfect 51 59 2 0
Very Good 22 262 52 0
Good 0 52 193 2
Acceptable a ] 4 3

Actual Predicted Rate
Y Perfect VeryGood Good Acceptable
Perfect 0.455 0.527 0.018 0.000
Very Good 0.065 0.780 0.155 0.000
Good 0.000 0.211 0.781 0.003
Acceptable| 0.000 0.000 0.571 0.429

Your results will vary due to the random nature of the holdout procedure. The
misclassification rate on the validation set is about 27%. The misclassification rate of the
Acceptable group on the validation set is about 57%. About half the observations in the

Acceptable group were misclassified as Good.
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