
8th Global Conference of Actuaries 
 

 

 
 

Written for and presented at 8th GCA, Mumbai 10-11 March, 2006 

177 

Experience Studies – Interpretation, Insights and Additional Techniques 
 

By Rani Rajasingham & Ramesh Baluswamy 
 
 
ABSTRACT 
At the 7 th Global Conference of Actuaries in New Delhi, India, in 2005, Swiss Re presented a 
paper entitled “Experience Studies and its Feedback into the Actuarial Control Cycle”  
following which the audience expressed interest in issues relating to the interpretation of the 
results of experience studies and to what extent this can be applied in pricing etc.  
 
At this 8th Global Conference of Actuaries in Mumbai, India, we take a closer look at 
interpretation issues in our paper entitled “Experience Studies – Interpretation, Insights and 
Additional Techniques”. We ask what conclusions can be drawn from the analysis and what 
additional information can be gleaned from the findings of the study. The Paper also touches 
on industry benchmarking and performance monitoring. 
 
Finally, the application of additional techniques, using the Cox Model in providing further 
insights is discussed.  
 
KEYWORDS 
Homogeniety; Credibility; Selection Effect; IBNR; Data Adequacy; Benchmarking; 
Performance Monitoring; Cox Proportional Hazard Ratios 
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Sl ide 2

Agenda

� Interpretat ion

– Rev i ew  o f  E xpe r i en ce  Ana l y s i s  Re su l t s

– I l lustrat ions

� Ins ights  

– Indus t r y  Benchmark ing

– Pe r f o rmance  Mon i t o r i n g

� Add i t i ona l  Techn iques

– C o x  M o d e l
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Sl ide 3

Rev i ew  o f  Expe r i ence  Ana l y s i s  
Resu l t s

� As se s s  t h e  Fo l l ow i ng :

– Homogene i t y  

– Cred ib i l i t y

– IBNR

– Se l e c t i on  E f f e c t

– Da t a   Adequa c y

– T r end s

� Interpretat ion

– W h a t  C a n  B e  C o n c l u d e d ?

– Further  Invest igat ions

 
 
 
 

Sl ide 4

Rev i ew  o f  Expe r i ence  Ana l y s i s  

Resu l t s  – Homogene i t y

� Seggrega t i on b y  H o m o g e n o u s  G r o u p s

– Ma l e ,  F ema l e ,  Age -banded  Ce l l s

– Du ra t i on  0 ,  1 ,  2+

– Mor tgage  v s .  Non -m o r t g a g e

– Fu l l y  Unde rwr i t t en  Bus i nes s  On l y  

– M e d i c a l  v s .  N o n-med i c a l

– T rea tmen t  o f  Subs tanda rd  L i ve s

– Wi th  o r  W i thou t  Acce l e ra t i on  Bene f i t s

– Changes  i n  D i sab i l i t y  o r  O the r  De f in i t i ons
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Sl ide 5

Rev i ew  o f  Expe r i ence  Ana l y s i s  
Resu l t s   - Cred ib i l i t y

Experience Rating involves the application of Bayesian Experience Rating involves the application of Bayesian 
Credibility Theory to pricingCredibility Theory to pricing

Rate Charged = Z × Actual Experience Rate Charged = Z × Actual Experience 

+   (1 +   (1 –– Z) × Expected ExperienceZ) × Expected Experience

Where:Where: ZZ =  Credibility Factor=  Credibility Factor

=   =   

= Expected number of claims = Expected number of claims 

= Claims required for full credibility= Claims required for full credibility

= 100= 100 ((for 95% chance of being within 20%)for 95% chance of being within 20%)

400400 ((for 95% chance of being within 10%)for 95% chance of being within 10%)
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Sl ide 6

Rev i ew  o f  Expe r i ence  Ana l y s i s  

Resu l t s  – IBNR

� Er ro r s  Have  Se r i ous  P r i c i ng  Imp l i ca t i ons

� New  (Comp l e x )  P r oduc t s  -

– De l ayed  Awareness  o f  Ab i l i t y  t o  C l a im ! !

IBNR - Run-Off Pattern
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Sl ide 7

Rev i ew  o f  Expe r i ence  Ana l y s i s  
Resu l t s  – Se lec t i on  E f f ec t

� Grow ing  L i f e  O f f i c e  – H igh ly  Se lec t  Po r t fo l i o?

� Uncer ta in ty  in  Se lec t ion  E f fec t

� Dr i ven  by  Qua l i t y  o f  Unde rwr i t i ng, Type  o f  R isks

Weighted Average Duration = 1.75

1 0 0 %100,000Total

5 %5,0004

1 5 %15,0003

3 0 %30,0002

5 0 %50,0001

Prop ortionETRDuration

 
 
 
 

Sl ide 8

Rev i ew  o f  Expe r i ence  Ana l y s i s  

Resu l t s  – D a t a  A d e q u a c y

� Were  t h e  Da t a  Che c k s  Comp rehen s i v e ?

– Comp l e t e  L i s t  o f  S t anda rd  Check s

– Sk i l l s  fo r  Spo t t ing  “Unusua l ”  E r ro r s

� Lapses ,  Te rm ina t ions

� Data  I s sues  H igh l i gh ted  i n  Repor t

– We r e  They  Re so l v ed ?

– L im i t a t i o n s  on  Conc l u s i on s  Tha t  Can  Be  D r awn
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Sl ide 8

Rev i ew  o f  Expe r i ence  Ana l y s i s  
Resu l t s  – D a t a  A d e q u a c y

� Were  t h e  Da t a  Che c k s  Comp rehen s i v e ?

– Comp l e t e  L i s t  o f  S t anda rd  Check s

– Sk i l l s  fo r  Spo t t ing  “Unusua l ”  E r ro r s

� Lapses ,  Te rm ina t ions

� Data  I s sues  H igh l i gh ted  i n  Repor t

– We r e  They  Re so l v ed ?

– L im i t a t i o n s  on  Conc l u s i on s  Tha t  Can  Be  D r awn

 
 
 
 

S l i de  10

I l lustrat ion 1

Acc i den ta l  Dea th s

1 0 0 %1 1 2 . 51 1 39 8 %4 0 7 . 93 9 8Al l  Ages

0 %0 . 100 %0 . 2079 to 88

0 %0 . 502 2 7 %1 . 3369 to 78

9 8 %221 2 3 %7 . 3959 to 68

1 0 4 %7 . 781 3 5 %2 8 . 23 849 to 58

9 3 %2 5 . 82 48 9 %9 0 . 68 139 to 48

1 0 2 %3 2 . 53 37 9 %1 3 0 . 61 0 329 to 38

1 0 8 %3 1 . 53 41 2 8 %1 1 7 . 91 5 119 to 28

9 6 %1 2 . 51 24 1 %3 1 . 81 30 to  18

A/EExpectedActualA/EExpectedActualAge Last

FemaleMale

Accidental Death ClaimsUnderstated

Accident Hump

Insufficient 

Credibility at 

Higher Ages
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S l i de  11

I l lustrat ion 2
U K  C ri t i ca l  Il l ne s s  Expe r i ence

Source - UK CI Experience Study 1991- 1997

Increas ing 

Trend

Decreas ing 

Trend

Decreasing Trend

- Por t fo l io C h a n g e s

- Improv ing  Exper i ence?

- IBNR  unde r s t a t e d

1 , 1 1 5  5 0 %5 4 %5 1 %3 7 %1991- 1997

2 4 0  5 0 %5 5 %3 5 %2 7 %1997

2 0 0  4 7 %5 2 %4 2 %2 6 %1996

1 6 0  4 4 %4 6 %4 7 %2 8 %1995

1 6 2  5 2 %5 3 %5 9 %3 8 %1994

1 1 9  4 6 %5 4 %3 8 %2 9 %1993

1 1 9  5 7 %5 8 %5 3 %5 8 %1992

1 1 5  7 0 %7 1 %8 7 %5 2 %1991

No of  

Claims

All 

DurationsDuration 2Duration 1Duration 0Year

Increasing Trend

- Ant i -se l e c t i on?

- Increas ing  Dura t ion
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Indus t r y  Benchmark ing

Ba s i c  C ompa r i s o n  w i t h  L I C  9 4 -9 6

Additional Benchmarking Can Provide

Further Insights -

� Por t fo l i o  Compos i t i on  o f  Company  vs .  Indus t ry

- Male vs .  Female

- Age Prof i le

� Se lec t i on  E f fec t  o f  Company vs .  Indus t ry

� Ride r  A t tachmen t  Ra t i os  o f  Company vs .  Indus t ry

� Cause o f  C la im S ta t i s t i cs  o f  Company vs .  Indus t ry
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S l i de  13

Pe r f o rmance  Mon i t o r i ng

Quality of Underwriting

Policy Definitions

Claims Management

Agent Behaviour

Loopholes Exploited

Mis-pricing by Segment

Operational/Data Issues

Profitability

Experience

Studies
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Additional Techniques –

Cox Proportional Hazard Model

� Statistical Technique to investigate the relationship between several 
explanatory variables on an outcome variable at the same time

� Modelling approach to the analysis of Survival data  

� Assessing confounding bias 
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S l i de  15

Additional Techniques –

Cox Proportional Hazard Model

h0(t) =   Baseline/Underlying Hazard Function

=  Probability of dying (or reaching an event) when all                        
explanatory variables are zero

=  Analogous to the Intercept in ordinary regression

 width)(Interval  x ) t at time surviving sIndividual of(Number 

at t beginning intervalin event an  ngexperienci sIndividual ofNumber 
)( =th

)...exp()()( 0 locationbdurationbagebthth locationdurationage ⋅⋅⋅ +++⋅=
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Additional Techniques – Cox Model 

Interpreting Results

What’s the best estimate level for a standard female policy holder issued 
under a joint life term policy with SA > 150000 ?

Q: How might you 
compare each person’s 

risk to that of the 
“baseline individual” ?

Q: How might you 
compare each person’s 

risk to that of the 
“baseline individual” ?

Average comparative risk

Low comparative risk

High comparative risk
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S l i de  17

Additional Techniques – Cox Model 

Using Results

0.73 0.56 0.88 2.6 1.39Best estimate = 52.7% x x x x x

= 68.5%

� Caution: Only make 
comparative statements 

about hazard

You can say that the 
hazard for one group is 
three times higher than 
that of another, but you 
cannot say how high, 
or low, either function 

is

� This is the 
compromise associated 

with Cox regression

� Caution: Only make 
comparative statements 

about hazard

You can say that the 
hazard for one group is 
three times higher than 
that of another, but you 
cannot say how high, 
or low, either function 

is

� This is the 
compromise associated 

with Cox regression
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Additional Techniques – Cox Model 

Sample Data

id time0 time1 fracture protect age calcium

19 10 15 0 0 72 9.46
19 15 22 1 0 72 9
20 0 5 0 0 67 1 1 . 1 9
20 5 15 0 0 67 1 0 . 6 8
20 15 23 1 0 67 1 0 . 4 6
21 0 5 0 1 82 8.97
21 5 6 1 1 82 7.25
22 0 5 0 1 80 7.98
22 5 6 0 1 80 9.65
23 0 5 0 1 73 7.67
23 5 7 1 1 73 9.28

Covariates

Event Observed

Censoring Time

Sample Statistical

Package Output

Independent Variable
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S l i de  19

Additional Techniques – Cox Model 

Estimating baseline cumulative hazard function
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Additional Techniques – Cox Model

Estimating the baseline hazard function
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S l i de  21

Additional Techniques – Cox Model 

Diagnostics

If the proportionality 
assumption is violated 
for a predictor, then 

there is an interaction 
between the predictor 

and TIME.

If the proportionality 
assumption is violated 
for a predictor, then 

there is an interaction 
between the predictor 

and TIME.
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Additional Techniques – Cox Model 

Issues to Consider

� Credibility

� Actuarial Judgement

� Modelling Interaction Factors

� Confounding Bias

� Stratification

 
 



8th Global Conference of Actuaries 
 

 

 
 

Written for and presented at 8th GCA, Mumbai 10-11 March, 2006 

189 

 

S l i de  23

Additional Techniques – The Cox Model

Appendix

� Likelihood function:

� Survivorship function: probability that a subject with 
covariate value x survives at least t time units

� Hazard Rate:

� Hazard Ratio:
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Thank You
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