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Background

o Simple model: relationship between rating levels of one factor is
constant for all levels of other rating variables

o Assume two rating variables
Age: Youthful, Adult (Base), Mature, Senior
Gender: Male (Base), Female

Simple Model: Age + Gender

Male Female
Youthful | BB, | Be+ B,+ B
Adult B, B.+ B,
Mature Bot By | Bot Byt Br
Seniors Bot Bs | Byt Bs+ B:

5 Parameters
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Background

o Complex model: relationship between rating levels of one rating factor
is different for all levels of another rating variable

Simple Model: Age + Gender Interaction: Age + Gender+Age.Gender
Male Female Male Female

Youthful B,* By B,* By + B: Youthful Bt By Bot By + Bt Byr
Adult B, B,* B: Adult B, Bot Be

Mature | Bg+ By | Byt Byt Be Mature | Bot By | Bot Bu* Bet By

Seniors Byt Bs Byt Bs+ B: Seniors Byt Bs Bot B+ Bt Ber

5 Parameters 8 Parameters
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Background

Linear Predictor

o “Parallel” lines from the
simple model

1 20 25 30 35 40 45 50O &5 60 65 70 75 80
Age

Linear Predictor

o Interaction breaks the parallel
assumption
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Background

 Interaction challenges
Detection
Simplification

Verification

o Focus for today is the detection of the interaction construct

» Need a systematic approach to search the space for interactions
Balance
Data Mining
Saddles
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Balance

o Approach is to compare aggregate average observed values vs.
aggregate average fitted values

Gender x Age - multi-way results

0.9 =
o.s T e male -
- Actual
0.7
E Male -
0.8 4 = Fitted
0.5 ——
— |* Female -
0.4 Actual
LS — |& Female -
Fitted
0.2 -
0.1
0.0 -
-0.1

» Imbalance suggests need for interaction
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Balance

o Given the following

Observed value
Claims,
Yi=
Exposures,

Fitted value (assumes simple model structure)

y; =M, =h(x;B)

Weighted average observed value and weighted average fitted values for
Class k

>y, x Exposures, > ¥, x Exposures,

A, = -k ék _ iek
Y Exposures, > Exposures,

ick ick
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Balance

o For each combination of cells for two rating factors derive the following:

Male Female
Youthful Dy, Dyr
Adult Dau Dar
Mature Dum Due
Seniors Doy Dge
e Such that:
2
b _ Exposures, x (A, -E,)
=
Ek
o Then:

Q:Z ZDk

Age Gender

Follows a chi squared distribution with (n-1)*(m-1) degrees of freedom
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Balance

o Chi squared test then run for every two way combination

o Framework allows for ranking of potential constructs

towerswatson.com

Rank Factor 1 Factor 2 Chi Test
1 Driving Restriction Age 0.0000
2 Age Gender 0.0000
3 Driving Restriction NCD 0.0000
4 NCD Gender 0.0000
5 NCD Age 0.0001
6 Protected NCD Gender 0.0002
7 Driving Restriction Gender 0.0004
8 Driving Restriction Protected NCD 0.0006
9 LossYear Driving Restriction 0.0008
10 LossYear Gender 0.0132
11 Vehicle Age NCD 0.0176
12 Driving Restriction Vehicle Category 0.0195
13 LossYear Protected NCD 0.0425
14 Vehicle Category Gender 0.0670
15 Rating Area Gender 0.1185
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Balance

o Advantages
Can quickly identify areas in the model where interactions are needed

“Exponential” effect of distributional biases can magnify the importance of
one interaction structure vs. another

o Disadvantages
Sensitive to noise of severity
Limited guidance as to simplification
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Data Mining

o CART can be used to help identify

inte ractions ] 0 Predicted Values e
« The diagram shows a new

business conversion model. N -
o The shape of the conversion

10 20 30 40 50 60 70 80 N0

curves differs drastically for Comp STAPremum Quoted
Only policies compared to Liability
and Full Coverage policies

towerswatson.com

© 2010 Towers Watson. All rights reserved. Proprietary and Confidential. For Towers Watson and Towers Watson client use only.



Data Mining

o What would an interaction look like in CART?

Splitter on Splitter on
factor A factor A
Splitter on Splitter on Splitter on Splitter on
factor B factor B factor B factor C
Splitter on Splitter on Splitter on Splitter on Splitter on Splitter on Splitter on Splitter on
factor C factor C factor C factor C factor D factor E factor F factor G

o The left hand tree has similar structures down each branch and so is
unlikely to indicate interactions

o The right hand tree has different structures depending on which branch
is traversed. This might have interactions.
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Data Mining

o CART will not guarantee interactions

o CART can provides additional clues as to what interactions to test.

o This tree may have the following interactions

AxB,AxC,AxD,AxE, AxF,
AxG,BxD,BxE,CxF,CxG,
AxBxD,AxBXE,
AXCXxF, AxCxG

Splitter on
factor A

Splitter on
factor B

Splitter on
factor C

Splitter on
factor D

Splitter on
factor E

Splitter on
factor F

Splitter on
factor G

o The list of candidate interactions can grow quickly!
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Data Mining

o Case study: auto renewals model

Balance test identified 23 interactions

Tree identified cross holdings and tenure interaction not from the balance test

Node 1

AA_POL_DUR
W = 566098.000
N =566098

Node 13
PREMIUM_INV ITED
W =331789.000

Node 2
AA_POL_DUR
W =234309.000
N =234309
:
Node 3 Node 8
CONTENTS_HISTORY $ PREMUM_RATIO
W =126438.000 W =107871.000
N=126438 N=107871
: :

Node 4 Node 6 Node 9 Node 11
PREMIUM_INVITED \WI_AVG_123_RATIO PAYMENT_METHOD2$ PREMIUM_INV ITED
W =17351.000 W =109087.000 W = 85669.000 W =22202.000
N=17351 N= 109087 N= B566V N=22202
: : : N\ :

Terminal Node 5 Node 7 Terminal Terminal Node 10 Node 12 Terminal
Node 1 WILAVG_123_RATIO VEHICLE_AGE_RN Node 6 Node 7 CONTENTS_HISTORY$ PAYMENT_METHOD2$ Node 12
W =6626.000 W =10725.000 W =46697.000 W =62390.000 W =33234.000 W = 52435.000 W =6628.000 W =15574.000

N= 10725 N= 46607 I | | EE— N=52435 N= 6628 ——
Terminal Terminal Terminal Terminal ‘minal Termin; Terminal Terminal
Node 2 Node 3 Node 4 Node 5 No Node 10 Node 11
W =5208.000 W =5517.000 W =1698.000 W =44999.000 i 13.000 W =1317.000 W =5311.000
DI || || | S I | | | S | |
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N=331789
T
Terminal Node 14
Node 13 PREMIUM_RATIO
W =233048.000 W =98741.000
] N=98741
T
Node 15 Node 17
AA_POL_DUR AA_POL_DUR
W =72394.000 W = 26347.000
N=72394 N=26347
T T
Node 16 Terminal Terminal Node 18
PAYMENT_METHOD2S Node 16 Node 17 PREMIUM_RATIO
W =41525.000 W =30869.000 | |W = 13616.000 W = 12731.000
N =41525 L Im | N=12731
T T
Terminal Terminal Terminal Terminal
Node 14 Node 15 Node 18 Node 19

W =16540.000 | |W =24985.000
L |

W=7197.000 | | W =5534.000
I | |
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Data Mining

» Additional analysis validated the interaction identified by CART

» Policyholders with multiple lines more likely to renew for the low
duration policies

Predicted Values Rescaled Predicted Values
0.90 5  160% 0.60 = r 160%
0.58 =
0.85
- 140% o - 140%
080 054
- 120% - 120%
0754 =9
= 100% 050 = 100%
0.70 =
048 =
0.65 [~ 80% 046 [~ 80%
044 =
0.60
e 042 I- 60%
B e e R Ty ww4——t—t—t——t——t—t—t—+— | e
I 40% iy I 40% s
050 - 038
- 20% 0% - 20%
045
0.34
040 - = 0% 0.32 - = 0%
0 1 2 3 4 5 6 7 8 9 10+ 0 1 2 3 4 5 6 7 8 9 10+
16 AA Policy Duration 16 AA Policy Duration
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Data Mining

o Advantages
Quickly identify potential n-way interactions

Suggests areas of localization

o Disadvantages
Growth in complexity

Better performance when response is structure as a discrete (i.e.
binomial/multinomial) construct

Limited guidance as to simplification
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Saddles

o Quadrant saddle: revisiting an simple main effect model

1200

1000

837
S33
S29
S25
S21
S17
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Saddles

interaction terms twist the paper

o Quadrant saddle
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Saddles

» Transforming predictors into single parameter variates

Response

Factor Levels
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Saddles

o Traﬂsforming predictors into single parameter variat

Response

Factor Levels

towerswatson.com

© 2010 Towers Watson. All rights reserved. Proprietary and Confidential. For Towers Watson and Towers Watson client use only.



Saddles

o Case study: vehicle value x rating area
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Saddles

o Full interaction is very noisy
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Saddles

» Different quadrants to be tested
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Saddles

o Focus on higher valued venhicles in certain areas
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Saddles

o Systematically study different twists
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Saddles

o Systematically study different twists
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Saddles

o Systematically study different twists
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Saddles

o Systematically study different twists
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Saddles

» Frequency out of time sample

20% - - 400,000
18% A + 350,000
16% A -+ 300,000
14% A + 250,000
12% A + 200,000
10% A + 150,000
8% - + 100,000
6% 4 -+ 50,000
4% +— — -—-"'HWHHI—IH AL ‘ HHHHHH”H”'—' — — 0
50% 70% 90% 94% 98% 102% 106% 110% 130% 150%
[—Exposure e=®@==Observed Saddle Original
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Conclusion

» Interactions are an important part of the model creation process

o Volume of data requires a process to systematically study interactions
Balance testing
Decision tree tools
Saddles

» Effort needed in simplifying and validating identified interaction

Saddles use the framework of variate vectors in the design matrix to quickly
simplify and validate new interaction terms
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