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Agenda

• Parade – meet the models

• Judging criteria

• Ball gown round

• Swimsuit round

• Crowning ceremony



Parade

• Selection of models from disciplines of:
• Statistics

• Tabular (one-way and multi-way) analysis
• Linear model
• Generalised linear model (GLM)
• Generalised additive model (GAM)

• Data mining
• Decision tree
• Neural network

• Models have been applied using a fairly 
mechanical process



Judging Criteria

• Tested on four real world insurance modelling 

problems:

• A motor claim frequency analysis

• A retention analysis for a personal lines portfolio

• An average claim size analysis for CTP

• A ‘return to work’ measure for workers’

compensation claims

• Data volumes are smallish but workable



Judging Criteria

• Models have been evaluated from two 
different perspectives
• Ball gown round – measuring the ‘elegance’ of the 

model

• Swimsuit round – measuring how well the model 
represents the underlying structure

• The first is necessarily a qualitative 
assessment

• The swimsuit round has been assessed using 
objective quantitative measures



Ball Gown Round: Criteria

• Ease of use 
• time, effort, expertise needed to set up model

• Output
• form, interpretation, explanation, graphs/visual output, 

supporting statistics

• portability, i.e. ease with which model can be implemented 
outside the analysis software

• Practicality 
• run-time, scalability, data volume requirements

• Structural
• assumptions, extrapolation / trends, interactions and 

correlations 



Ball Gown Round: 1-Way

• Easy and fast to carry out

• Easy to explain and interpret results

• Portable

• Small data volume requirements

• Only real downside is the risk of double-
counting arising from correlations of 
exposure



Ball Gown Round: Multi-way

• Fairly easy to carry out
• can be time-consuming if taking an exhaustive 

approach to factor combinations

• As dimensionality increases:
• ease of interpretation rapidly diminishes
• external implementation becomes more complex
• data volume requirements increase rapidly
• time required increases

• Can help to identify and deal with interaction 
effects between factors



Ball Gown Round: GLM

• Easy and fast with dedicated GLM 
software

• Needs some experience to interpret 
results effectively

• Easily portable

• Small data volume requirements

• Avoids risk of double-counting

• Makes structural assumptions



Ball Gown Round: GAM

• A generalisation of GLM

• Still allows ‘link’ functions, so the form of the 
model is not necessarily additive

• Essentially the same as GLM for categorical 
factors

• Allows non-linear functions (‘scatterplot
smoothers’) to be fit to continuous factors
• GLM: link(Y) = X1 + X2 + … + Xn

• GAM: link(Y) = f(X1) + f(X2) + …+ f(Xn)



Ball Gown Round: GAM

• Scatterplot smoother output example

• Cubic spline with 8 degrees of freedom



Ball Gown Round: GAM

• Output similar to GLM

• Results can be implemented externally 
but this is more complex than for GLM

• Data volume requirements as for GLM

• Only currently available in specialist 
statistical packages
• not generally user-friendly 

• may not be suited to large datasets



Ball Gown Round: Decision Trees

• Several different algorithms for decision trees

• We have used the CART algorithm
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Ball Gown Round: CART

• Easy and fast with dedicated software

• Easily portable discrete segmentation

• Larger data volume requirements

• Visually appealing output

• difficult to trace large trees



Ball Gown Round: CART
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N = 51 1

Ter m ina l

Node  13 3

W = 50. 000

Node  13 2

P RI CE_C HANG E_PE RCEN T

W = 56 1.0 00

N = 56 1

Te rm i nal

No de 134

W =  5 3.0 00

Nod e 131

PRI CE_ CHAN GE_P ERCE NT

W =  6 14. 000

N  =  61 4

No de 128

SUM _I NSD _$

W = 777. 000

N = 7 77

Ter m in al

Nod e 1 35

W = 51. 00 0

T er mi na l

N ode 13 6

W = 62. 000

Te rm i nal

No de 137

W =  81 .0 00

Node  1 42

SU M _I NSD_ $

W =  1 43. 000

N  = 14 3

Ter m in al

Node  1 38

W = 56. 000

Node  1 41

VE HIC LE_C ATEG ORY

W =  19 9. 000

N  = 19 9

N ode 14 0

PAY M ENT_ FREQ UENC Y$

W = 250 .0 00

N = 250

T erm i nal

N ode 139

W = 5 0. 000

Ter m i nal

Nod e 140

W = 77 .00 0

Node  1 43

DR IVE R_A GE

W = 12 7. 000

N = 12 7

Nod e 139

S UM _I NSD _$

W = 3 77. 000

N =  3 77

Nod e 127

VE HI CLE_ CATE GORY

W = 115 4.0 00

N = 1154

Ter m ina l

Node  14 1

W = 66. 000

Te rm i nal

No de 142

W =  6 4.0 00

Ter m in al

Nod e 1 43

W = 61. 00 0

N ode 14 8

VEH IC LE_A GE

W = 12 5.0 00

N = 125

T er mi na l

N ode 14 4

W = 64. 000

Te rm i nal

No de 145

W =  98 .0 00

Node  1 49

SU M _I NSD_ $

W =  1 62. 000

N  = 16 2

No de 147

DRI VER _AGE

W = 287. 00 0

N = 2 87

Ter m in al

Node  1 46

W = 76. 000

N ode 14 6

VEHI CL E_CA TEGO RY

W = 363 .0 00

N = 363

T erm i nal

N ode 147

W = 7 9. 000

Ter m i nal

Nod e 148

W = 53 .00 0

Node  1 50

DR IVE R_A GE

W = 13 2. 000

N = 13 2

Node  1 45

PRI CE_C HANG E_P ERCE NT

W =  49 5. 000

N  = 49 5

No de 144

PRI CE _CHA NGE_ PERC ENT

W = 561. 00 0

N = 5 61

Node  1 26

VEH_ FM LY_$

W = 1715 .00 0

N = 1 715

Ter m in al

Node  1 49

W = 14 1.0 00

Te rm i nal

No de 150

W =  5 6.0 00

Ter m i nal

Nod e 151

W =  1 08. 000

Node  15 7

DRI VE R_AG E

W = 16 4.0 00

N = 164

T er mi na l

N ode 15 2

W = 60. 000

N ode 15 6

LOY ALI ND_ $

W = 22 4.0 00

N = 224

No de 155

VEH_ FM LY_ $

W = 365. 00 0

N = 365

Te rm i nal

No de 153

W =  7 5.0 00

Ter m in al

Node  1 54

W = 51. 00 0

N ode 15 8

VEH _FM LY _$

W = 126 .0 00

N = 126

Nod e 1 54

S UM _I NSD_ $

W =  4 91. 000

N  =  49 1

T erm i na l

N ode 15 5

W = 7 7. 000

Ter m i nal

Nod e 156

W = 55 .0 00

Node  1 60

VE H_FM L Y_$

W =  13 2. 000

N  = 13 2

Ter m in al

Node  1 57

W = 50. 000

Te rm i nal

No de 158

W =  5 5. 000

Nod e 161

V EHI CLE_ CATE GOR Y

W = 1 05. 000

N =  1 05

N ode 159

DUR ATI ON

W = 237 .00 0

N = 237

Node  1 53

VE HIC LE_C ATEG ORY

W =  7 28. 000

N  = 72 8

Ter m i nal

Nod e 159

W = 96 .00 0

T er mi na l

N ode 16 0

W = 65. 000

Te rm i nal

No de 161

W =  9 7.0 00

Ter m in al

Node  1 62

W = 88. 00 0

N ode 16 5

P RIC E_CH ANGE _PE RCEN T

W = 185 .0 00

N = 185

T erm i na l

N ode 16 3

W = 5 1. 000

Ter m i nal

Nod e 164

W = 56 .0 00

Node  1 68

PRI CE_C HANG E_P ERCE NT

W =  10 7. 000

N  = 10 7

Ter m in al

Node  1 65

W = 52. 000

Node  1 67

VE HI CLE_ AGE

W =  15 9. 000

N  = 15 9

T erm i nal

N ode 166

W =  5 6. 000

Node  1 66

P RI CE_C HANG E_PE RCEN T

W = 21 5. 000

N  = 21 5

No de 164

VEH_ FM LY_$

W = 400. 000

N = 4 00

N ode 16 3

VEH IC LE_A GE

W = 465 .0 00

N = 465

No de 162

V EHI CLE _CAT EGOR Y

W = 561. 00 0

N = 561

Node  1 52

S UM _I NSD _$

W = 1 289 .00 0

N =  1 289

Ter m i nal

Nod e 167

W = 70 .00 0

Ter m ina l

Node  16 8

W = 63. 000

No de 171

SUM _I NSD _$

W = 133. 00 0

N = 133

Te rm i nal

No de 169

W =  8 6.0 00

Ter m in al

Nod e 1 70

W = 85. 00 0

N ode 17 3

SUM _ IN SD_$

W = 17 1.0 00

N = 171

T er mi na l

N ode 17 1

W = 52. 000

N ode 17 2

DRI VE R_AG E

W = 223 .0 00

N = 223

N ode 17 0

DRI VE R_AG E

W = 35 6.0 00

N = 356

Te rm i nal

No de 172

W =  57 .0 00

Ter m in al

Node  1 73

W = 68. 000

N ode 17 5

PR IC E_CH ANGE _PER CENT

W = 125 .0 00

N = 125

T erm i nal

N ode 174

W = 9 7. 000

N ode 174

DUR ATI ON

W = 222 .00 0

N = 222

Node  1 69

VE H_F ML Y_$

W =  5 78. 000

N  = 57 8

N ode 15 1

PR IC E_CH ANGE _PER CENT

W =  1 867. 000

N  = 18 67

No de 125

DU RATI ON

W = 35 82. 000

N = 358 2

Ter m i nal

Nod e 175

W = 58 .00 0

Ter m ina l

Node  17 6

W = 50. 000

No de 181

SUM _I NS D_$

W = 108 .00 0

N = 108

Te rm i nal

No de 177

W =  7 4.0 00

Ter m in al

Nod e 1 78

W = 50. 00 0

T er mi na l

N ode 17 9

W = 75. 000

No de 183

PRI CE _CHA NGE_ PERC ENT

W = 125. 00 0

N = 1 25

No de 182

VEH_ FM LY_ $

W = 199. 00 0

N = 199

Nod e 180

VE HI CLE_ CATE GORY

W =  3 07. 000

N  =  30 7

Te rm i nal

No de 180

W =  50 .0 00

N ode 17 9

DRI VE R_AG E

W = 35 7.0 00

N = 357

Ter m in al

Node  1 81

W = 96. 000

T erm i nal

N ode 182

W = 5 7. 000

Nod e 187

V EHI CLE _CAT EGOR Y

W = 1 53. 000

N = 1 53

Ter m i nal

Nod e 183

W = 51 .00 0

Nod e 186

S UM _I NSD _$

W = 2 04. 000

N =  2 04

Ter m in al

Node  1 84

W = 73. 000

Nod e 185

D RI VER_ AGE

W = 2 77. 000

N =  2 77

Te rm i nal

No de 185

W =  6 6. 000

Ter m i nal

Nod e 186

W = 60 .00 0

T er mi na l

N ode 18 7

W = 65. 000

Te rm i nal

No de 188

W =  5 3.0 00

Ter m in al

Node  1 89

W = 81. 00 0

N ode 19 2

VEHI CL E_CA TEGO RY

W = 134 .0 00

N = 134

N ode 19 1

DRI VE R_AG E

W = 199 .0 00

N = 199

Nod e 1 90

V EHI CLE_ AGE

W =  2 59. 000

N  =  25 9

T erm i na l

N ode 19 0

W = 7 4. 000

Node  1 89

SU M _I NSD_ $

W =  3 33. 000

N  = 33 3

No de 188

VEHI CL E_AG E

W = 399. 00 0

N = 399

Node  18 4

VE H_FM LY _$

W = 67 6.0 00

N = 676

N ode 17 8

PAY ME NT_F REQU ENC Y$

W =  1 033. 000

N  = 10 33

Ter m i nal

Nod e 191

W = 50 .0 00

Ter m in al

Node  1 92

W = 65. 000

N ode 193

DRI VER _AGE

W = 115 .00 0

N = 115

N ode 17 7

P RIC E_CH ANGE _PE RCEN T

W =  1 148. 00 0

N  =  11 48

Te rm i nal

No de 193

W =  8 3. 000

Ter m i nal

Nod e 194

W = 94 .00 0

Node  19 9

DU RATI ON

W = 17 7.0 00

N = 177

T er mi na l

N ode 19 5

W = 53. 000

Te rm i nal

No de 196

W =  5 0.0 00

Nod e 2 00

D RIV ER_A GE

W =  1 03. 000

N  =  10 3

No de 198

VEHI CLE _CAT EGO RY

W = 280. 00 0

N = 280

Ter m in al

Node  1 97

W = 84. 00 0

T erm i na l

N ode 19 8

W = 5 4. 000

Ter m i nal

Nod e 199

W = 80 .0 00

Node  2 02

VE HIC LE_C ATEG ORY

W =  13 4. 000

N  = 13 4

Node  2 01

DU RAT ION

W =  2 18. 000

N  = 21 8

No de 197

SUM _I NSD _$

W = 498. 00 0

N = 4 98

Ter m in al

Node  2 00

W = 77. 000

T erm i nal

N ode 201

W =  5 2. 000

Nod e 203

V EHI CLE _AGE

W = 1 29. 000

N =  1 29

No de 196

PRI CE _CHA NGE_ PERC ENT

W = 627. 000

N = 6 27

Ter m i nal

Nod e 202

W = 60 .00 0

Node  1 95

VEH IC LE_C ATEG ORY

W = 68 7. 000

N  = 68 7

Ter m ina l

Node  20 3

W = 84. 000

Te rm i nal

No de 204

W =  5 0.0 00

Ter m in al

Nod e 2 05

W = 77. 00 0

N ode 20 6

DRI VE R_AG E

W = 12 7.0 00

N = 127

N ode 20 5

SUM _ IN SD_$

W = 21 1.0 00

N = 211

T er mi na l

N ode 20 6

W = 90. 000

No de 204

V EHI CLE _CAT EGOR Y

W = 301. 00 0

N = 3 01

Node  19 4

VE H_FM LY _$

W = 98 8.0 00

N = 988

Nod e 176

DURA TI ON

W = 213 6.0 00

N = 2136

Node  1 24

ME M B_CA T_$

W = 5718 .00 0

N = 5 718

Node  8 4

HOM E _FLA G$

W = 85 70. 000

N = 857 0

Te rm i nal

No de 207

W =  99 .0 00

Ter m in al

Node  2 08

W = 82. 000

N ode 21 3

VEHI CL E_CA TEGO RY

W = 181 .0 00

N = 181

T erm i nal

N ode 209

W = 7 9. 000

Ter m i nal

Nod e 210

W = 66 .00 0

Node  2 14

VEH IC LE_C ATEG ORY

W = 14 5. 000

N = 14 5

Nod e 212

D RI VER_ AGE

W = 3 26. 000

N =  3 26

Ter m ina l

Node  21 1

W = 67. 000

Te rm i nal

No de 212

W =  9 2.0 00

Nod e 215

D URAT IO N

W =  1 59. 000

N  =  15 9

Nod e 211

V EH_F M LY_$

W = 4 85. 000

N =  4 85

Ter m in al

Nod e 2 13

W = 91. 00 0

T er mi na l

N ode 21 4

W = 69. 000

Te rm i nal

No de 215

W =  76 .0 00

Node  2 17

VE HIC LE_ CATE GORY

W =  1 45. 000

N  = 14 5

Nod e 2 16

H OM E_FL AG$

W =  2 36. 000

N  =  23 6

Node  21 0

DR IVE R_AG E

W = 72 1.0 00

N = 721

Ter m in al

Node  2 16

W = 59. 000

Nod e 2 09

PRI CE_ CHAN GE_P ERCE NT

W =  7 80. 000

N  =  78 0

T erm i na l

N ode 21 7

W = 7 5. 000

Node  2 08

DR IV ER_A GE

W =  8 55. 000

N  = 85 5

Ter m i nal

Nod e 218

W = 57 .00 0

Ter m in al

Node  2 19

W = 50. 000

N ode 220

VEHI CL E_CA TEGO RY

W = 107 .00 0

N = 107

Te rm i nal

No de 220

W =  8 1. 000

Ter m i nal

Nod e 221

W = 80 .00 0

T er mi na l

N ode 22 2

W = 87. 000

No de 222

SUM _I NSD _$

W = 167. 00 0

N = 167

No de 221

DURA TI ON

W = 248. 00 0

N = 248

Nod e 219

H OM E_F LAG$

W = 3 55. 000

N =  3 55

Te rm i nal

No de 223

W =  9 2.0 00

N ode 21 8

P RIC E_C HANG E_PE RCEN T

W = 44 7.0 00

N = 447

Nod e 207

M EM B_C AT_$

W = 130 2.0 00

N = 130 2

Node  8 3

PRI CE _CHA NGE_ PERC ENT

W = 987 2. 000

N = 987 2

N ode 1

PAYM EN T_FR EQU ENCY $

W =  2 2862 .00 0

N  =  22 862



Ball Gown Round: Neural Nets

• There are many classes of neural net

• We have used a simple feed-forward network with a 

single hidden layer

• This consists of:

• A set of inputs – i.e. the values of the explanatory factors

• A ‘hidden’ layer of neurons – these generate sub-outputs 

using an activation function applied to a weighted sum of the 

inputs

• A single output – i.e. the predicted value of the model, 

calculated as a linear weighted sum of the sub-outputs



Ball Gown Round: Neural Nets

• The neural net algorithms fit the weights linking 
inputs to neurons and neurons to the output
• One for each blue arrow



Ball Gown Round: Neural Nets

• Easy to set up with dedicated software
• Difficult to know an appropriate number of hidden neurons to 

specify

• Output largely meaningless apart from the prediction 
itself

• Complex to implement externally
• Unpredictable at extrapolating results (e.g. to allow 

for time trends)
• Long run-times even on small datasets, and 

converges on local optima (if at all), so may need to 
run several times

• Intermediate data volume requirements



Ball Gown Round: Results

• In traditional reverse order

Neural Net

Decision Tree

2-Way

GAM

1-Way

GLM



Swimsuit Round: Criteria

• Data split into:
• Training

• Testing (random sample and time)

• For each data subsets measure:
• Area under gains chart

• Misclassification matrix and kappa statistics

• Sum of squared residuals



Swimsuit Round – Motor claims frequency



Swimsuit Round – Area Under Curve

Area Under Curve (AUC)

Motor - 

Retention

Motor - Accident 

Claim Frequency

Workers - 

Return to work 

probability

CTP - Claim 

Severity

One-way 72.5% 58.8% - -

Two-way 72.4% 60.1% - -

Simple Linear Model 72.9% 65.1% - -

GLM 73.2% 65.3% 60.4% 56.2%

GAM 73.4% 65.3% 60.5% 56.8%

CART 71.3% 64.5% 59.3% 56.2%

Neural Nets 73.2% - 58.4% 56.3%

One-way 73.2% 60.8% - -

Two-way 73.6% 61.5% - -

Simple Linear Model 73.9% 67.5% - -

GLM 74.2% 67.5% 61.8% 57.5%

GAM 74.4% 67.5% 62.0% 58.0%

CART 72.6% 67.1% 59.4% 56.9%

Neural Nets 74.6% - 64.5% 58.9%

T
ra

in
in

g
P

re
d

ic
ti

n
g



Swimsuit Round

• NN often gives best fit against training data, but is 
less good against testing data (i.e. tends to overfit)

• Other models exhibit similar performance on training 
and testing datasets

• GAM gives a better fit than GLM; improvements 
modest unless there are some key continuous factors

• Two-way offers only modest improvement over one-
way, and is consistently worse than GLM

• Decision tree generally weak on these tests – low 
data volumes perhaps work against it



Swimsuit Round: Results

• In traditional reverse order

1-Way

2-Way

Decision Tree

Neural Net

GLM

GAM



Crowning Ceremony

• The ‘best’ model will of course depend on the 

application and the desired nature of the 

output

• However, generally the important thing is that 

the model is predictive

• We have therefore given double points for the 

swimsuit round in our assessment

• The final scores…



MODEL

1-way

2-way

GLM

GAM

CART

NN

Ball Gown

4

2

5

3

1

0

Swimsuit

0

2

8

10

4

6

Overall

Joint 5th

Joint 5th

Joint 1st

Joint 1st

4th

3rd


