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ACCIDENT BENEFITS
COVERAGE



ONTARIO ACCIDENT BENEHITS

Overview of the Coverage

« First party no-fault auto
injury insurance

« Medical and income
replacement benefits with
standard application forms

* Injuries classified as minor,
non-minor, or catastrophic

* Regulatory limits on medical
payments for each class
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CENSORED DATA CHALLENGES

Will Claim 2 eventually become represented?

LEGAL WHEN DID LEGAL

CLAIM ID CLAIM STATUS

REPRESENTATION? REP JOIN?
1 Open 200 Yes Day 7
2 Open 10 No NA
3 Closed 450 Yes Day 30
4 Closed 250 No NA
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@ POLLING QUESTION

You are assembling lis eligible predictors for & )
two models by conside ASOP 12 ciiteria. ’

One model will be used forpricing, and O
be used to support claims operations.

Which characteristic will be the bigge
differences between the two lists?

a. Relationship between risk characteristics
and expected outcomes

b. Objectivity
c. Practicality

d. Industry / business practices






SOURCE MATERIAL

Policy Retention Analysis

Builds on Estimating Insurance Attrition
Using Survival Analysis by Luyang Fu
and Hongyuan Wang

Model the probability that a policy will
be in force greater than X days.

Right censoring: if a policy has not
been cancelled, and has been in
force for Y days, its cancellation
time is greater than Y.

Figure 4. Survival curves for new vs. 5-year policies
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PROPORTIONAL HAZARDS

Approach due to Cox (1972)

 Survival function: S(t) = P(T > t)

SI(t)

Hazard rate: h(t) = — S5

+ S(t) = exp(— [, h(t)dt)
- Cox: h(t) = hy(t) exp(Bx)

7N

Think: Kaplan-Meier Think: GLM
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ADVANTAGES OF COX MODELS

1.00-

Producing S(t) provides flexibility
in how we define “prediction”

More responsive to recent data

Survival Probability
o

Similar to familiar
actuarial techniques
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IMPLEMENTATION OPTIONS

R “survival” package
(+ “survminer” for plots)

Python “lifelines” package
SAS “PHREG” procedure
SPSS
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MODEL CONSTRUCTION RECIPE

h(t) = ho(t)exp(Bx)

1. Select x and g using “the usual”
linear modelling approaches

2. Test proportionality assumption

3. If not proportional: fit a strata
(different hy(t) for each level of
the variable)

00 .
economical



PROPORTIONALITY CHECK

The quick check 1.0]

Produce a survival curve for
each level of a variable
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* Look for qualitative differences
in the shape of the curve
(e.g. crossing) which indicate
non-proportionality

Survival probambility
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PROPORTIONALI

The rigorous check
* Schoenfeld Residuals Test
* Plot residuals vs. time

« Patterns in the residuals
indicate non-proportionality
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Y CHECK

Schoenfeld Individual Test p: 0.6188
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MODEL VALIDATION
TECHNIQUES

For censored data



VALIDATION CHALLENGES

How would you validate the model on holdout data?

CLAIM CLAIM MODEL FLAGGED BY
ID STATUS PREDICITION MODEL?
1 Open 200 Yes 0.75 Yes
2 Open 10 No 0.65 Yes
3 Closed 450 Yes 0.3 No
4 Closed 250 No 0.2 No
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MODIFIED QUANTILE PLOT

Sort based on model prediction
Group into quantiles

/

T =
2 Average model prediction Total expected events to date 8
o VS VS =
= Average observed value Actual number of events D
O Q
Compare graphically
L I J
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MODIFIED QUANTILE PLOT

Calculated on holdout data

[ ]

Good segmentation of high vs. low
risk of legal representation

Underestimates the absolute
probability of legal representation

Appropriate for use cases involving
flagging the top risks
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TIME-DEPENDENT
SENSITIVITY AND SPECIFICITY

Claim 1 (Censored)

Claim 2 (Event Occurs)

0 5 10 15 20 25
Time 1 Time 2
. JTimel . Time2
Cumulative sensitivity Claim 2 Negative Claim 2 Positive
Dynamic specificity Claim 1 Negative Claim 1 Excluded
............................................................................................ oo o
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TIME-DEPENDENT GINI/AUROC

Time Dependent Gini Coefficient
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Fix atimet
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Apply the CS / DS Rules

Calculate Gini / AUROC

Gini Coefficient
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BIAS AND FAIRNESS AUDIT

FAIRNESS TREE

Do you want to be fair based on disparate representation or based on

disparate errors of your system?

Representation m

Do you need to select equal # of people from each group
OR
proportional to their percentage in the overall population?

Are your interventions punitive or assistive?
Punitive As: e
(could hurt individuals) [will help viduals)

Are you intervening with a
very small % of the
population?

Are you intervening with a very
Proportional small % of the population?

Parity

Equivalent to
Impact

Equal Parity

| Also known as

or
Statistical Parity
b Discovery Positive Omission Negative
Rate Parity Rate Parity Rate Parity Rate Parity
Equivalent to to [ to Equivalent to True
Precision (or True Negative Negative Positive Rate Parity.
PPV) Parity Rate Parity Predictive Value AKA Equality of
(NPV) Parity | Opportunity
Source: https://dsapp.uchicago.edu/projects/aequitas/
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BIAS AND FAIRNESS AUDIT

Our modifications

« Census averages

« Scatterplot should not
show an increasing trend

» Used predicted false
negative rate

Predicted False Negative Rate by FSA
Training Data Audit; FSAs with at least 10 claims only
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Thank you
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