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Disclaimer 

• The views expressed today are those of the presenters and do 

not necessarily reflect those of their employers, and thus, their 

employers accept no liability as a result of any reliance you may 

have placed or action taken based upon the information outlined 

in this document / presentation  
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Agenda 

• Traditional 1-way Analysis 

• GLM Theory  

• Real Time Demo using R 

• Creating a GLM model 

• Results on a Critical Illness Dataset 

• Removal of key factors 

• Summary & Questions 
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Traditional 1 way analysis 
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Male : Age 50 living in the 

countryside.  Non smoker.  

SA - £250K.  Buys from an 

IFA.  Occupation class 1.  

Married with 3 children 

Female : Age 30 living in the 

city centre.  Smoker.  SA - 

£30K.  Buys from direct 

marketing.  Occupation 

class 4.  Single with 1 child. 

and many more 

possible combinations 

Source: PartnerRe 
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How do factors interact? 
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Gender

/Age 

 

BMI/WHR 

 

Smoker 

 

Units 

 

Postcode 

 

Mortgage 

 

Source: istockphoto 
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Linear Regression 
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• Random Structure 

Responses vary even for constant values of the predictor 

 

 

• Systematic Structure 

The simplest was to express the dependence of the response     

.... on the predictor     is to assume a linear function 

 

 

 

 

 

ii x 

),(~ 2ii NY

i ix
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Linear Regression 
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Source: PartnerRe 
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Source: PartnerRe 
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Linear Regression 
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Source: PartnerRe 
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Linear Regression - Limitations 
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Source: PartnerRe 
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Linear Regression - Limitations 

12 
© 2010 The Actuarial Profession  www.actuaries.org.uk 

Source: PartnerRe 

0 20 40 60 80

-1
0

1
2

3

Residuals vs Fitted

Predicted

R
e

s
id

u
a

l

-2 -1 0 1 2

-1
0

1
2

3

Normal Q-Q

Theoretical Quantiles

S
a

m
p

le
 Q

u
a

n
ti
le

s



Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52 * 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

Linear Regression - Limitations 
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(1) The relationship between the response and the predictor may 

not be linear. 

(2) A normal distribution for the response may be inappropriate; 

 

 

(3) The variance will often increase linearly with the mean, so a 

constant variance assumption may be inappropriate. 

What do we do???   

 

We generalise the model framework. 



Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52 * 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

The 3 part GLM Recipe 
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(1) Random Component 

Identify the response variable Y and assume a probability 

distribution for it 

 

(2) Systematic Component 

Specify what the explanatory variables X are.  This gives the 

linear component  

 

(3) Link 

Specify the relationship    between the mean E(Y) and the 

systematic component X :  

 

iX 

   ii XYg  

g



Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52 * 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

Our Model – Poisson Regression 
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 iii xn  loglog

                   denotes the number of events from exposure  

 

 

The dependence of      on the explanatory variables is usually 

modelled by 

 

So that our generalised linear model is: 

       

 

Use the logarithmic log function gives: 

       

 

  iiii nmYE 

 ix

i e

  ix

iii enmYE 

 ii mPoY ~
in

i

This is called the 

“offset” 
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R Software – What is it? 
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www.r-project.org  

http://rcom.univie.ac.a

t/download.html 

“R is an open-source, object-oriented statistical programming language. 

In the past decade, it has become the global lingua franca of statistics” 
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R – Should a company trust free software? 
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These companies do* 

*Source : http://www.revolutionanalytics.com/what-is-open-source-r/companies-using-r.php 
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Real time demonstration 

• Using HMD* mortality data 

• Years 1960 onwards 

• Ages 20 – 65 

• UK, Ireland, Poland & Japan 

 

* Human Mortality Database (www.mortality.org) 
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Real time demonstration 
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Creating a GLM model 

• A number of questions need to be answered when deciding how 

to build a GLM model : 

– Trade off between complexity & ease of use 

– Base model on exposure or expected  

– Start simple & build vs start with saturated and strip down 
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Creating a GLM model  
Complexity vs Ease of use 

• Simpler models are always easier to understand 

• But more complex models will usually fit better 

• And having more rating factors will always fit better 

• But is this spurious, do these extra factors add value 

• There is no simple answer to where to compromise – practice 

makes perfect 

 

• There are tools that can fit the model – but you still need to think 

carefully about the appropriate model to use ! 
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Creating a GLM model  
Do we model as Actual = fn (Exposure) or fn (Expected) 

• Traditional actuarial experience analyses use an Actual / 

Expected approach 

• This has the advantage of starting from our expected point of 

view 

• So any rating factors that we derive can be directly applied to 

our underlying expected basis 

• But, if we use exposure as our start point 

– We get a direct assessment of the risk rate 

– And an assessment of which rating factors are significant 
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Creating a GLM model  
Start simple & build vs start with saturated and strip down 

• The traditional approach might be to start simple and build up 

• E.g. starting with age / sex / smoker and then adding sum 

assured / socio-economic / etc 

• But it’s often easier in the GLM world to start with all available 

rating factors and then strip out factors (or combinations of 

factors) that don’t add much value 
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Critical Illness data 
Our dataset 

• Several companies 

• Many thousands of claims 

• All UK, Accelerated CI 

• Chosen datasets with rich rating factors 

– eg socio-economic, rated status, joint v single, benefit shape, 

calendar year, etc 

• We’ve taken a number of shortcuts in doing this analysis – eg 

no IBNR allowance was made – so we are focusing on the 

techniques and processes rather than on the real results 
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Model – Investigation 1 
 

• Take a grouped dataset split by 

– Individual Age 

– Sex 

– Smoker 

– Duration 

• Fit an AGE * SEX * SMK * DUR model 

• Use Exposure as the “offset” 

• Analyse the significance of each factor 

• The principle of Parsimony (Occam’s Razor) – simplify the model 

to the “simplest acceptable model” 
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• All models have the following core interactions 

• AGE*SEX*SMOKER 

• AGE*SEX*DUR           

• + YR + R + SJ + SE + SA + GR + PROD 

• Or, in English, Deaths is a function of  

– Age, Sex, Smoker (3 way interaction) 

– Age, Sex, Duration (3 way interaction) 

– Calendar Year, Rated status. Single/Joint, Socio-Economic, 

Sum assured band, Guaranteed v Reviewable, Product type 

(LTA / DTA / etc) 
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Model – Investigation 1 : Age * Sex * Smk * Dur 
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Model – Investigation 1 : Age * Sex * Smk * Dur 
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Model – Investigation 1 : Age * Sex * Smk * Dur 
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Model – Investigation 1 : Age * Sex * Smk * Dur 
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Model – Investigation 1 : Age * Sex * Smk * Dur 
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Model – Investigation 1 : Age * Sex * Smk * Dur 
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Model – Investigation 1 

 

 

33 
© 2010 The Actuarial Profession  www.actuaries.org.uk 

• So the simplified model is: 

 

 

 

 

 

 

 

• This can be easily programmed into Excel or R. 
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Model – Investigation 2 
 

• Take a grouped dataset split by 

– Individual Age 

– Sex 

– Smoker 

– Duration 

and SA Band, Socioeconomic, Rated, Guaranteed/Reviewable, JL 

Status, Product Type. 

• Fit the following model : 
AGE * SEX * (SMK + DUR) + SA + SE + R + GR + JS + Prod 

• Use Exposure as the “offset” 

• Analyse the significance of each factor and simplify 
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• All models have the following core interactions 

• AGE*SEX*SMOKER 

• AGE*SEX*DUR           

• + YR + R + SJ + SE + SA + GR + PROD 

• Or, in English, Deaths is a function of  

– Age, Sex, Smoker (3 way interaction) 

– Age, Sex, Duration (3 way interaction) 

– Calendar Year, Rated status. Single/Joint, Socio-Economic, 

Sum assured band, Guaranteed v Reviewable, Product type 

(LTA / DTA / etc) 
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Model - Investigation 2 : AGE * SEX * (SMK + DUR) + 
SA + SE + R + GR + JS + Prod 
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Model - Investigation 2 : AGE * SEX * (SMK + DUR) + 
SA + SE + R + GR + JS + Prod 
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Model – Investigation 2  
 

• We can see there is a danger of overfitting the model 

• The saturated model is: 
AGE * SEX * SMK * DUR * SA * SE * R * GR * JS * Prod 

• This would involve: 

36    *    2        *    2   *    6  *  3   *  4  * 2 *  2  *  2  *  3 

   =   248,832 

data cells 

• As a rule of thumb you need 3 times as many data points in 

your dataset, i.e. ~ 750,000 

• So we need to simplify the model 
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Model – Investigation 3 
 

• We can reduce the number of cells by grouping data 

• Age seems like an obvious choice 

• But does Dths ~ Exposure * qAge make sense if age is grouped ? 

• Easier to rationalise if we switch to using Dths ~ Expected 
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Model – Investigation 3 
 

• Take a grouped dataset split by 

– 10 Year Age Band 

– Sex 

– Smoker 

– Duration 

and SA Band, Socio-economic, Rated, Guaranteed/Reviewable, 

Calendar Year, JL Status, Product Type. 

• Fit the following model : 
AGE * SEX * (SMK + DUR) + SA + SE + R + GR + JS + Prod 

• Use Expected as the “offset” 

• Analyse the significance of each factor and simplify 
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• All models have the following core interactions 

• AGE*SEX*SMOKER 

• AGE*SEX*DUR           

• + YR + R + SJ + SE + SA + GR + PROD 

• Or, in English, Deaths is a function of  

– Age, Sex, Smoker (3 way interaction) 

– Age, Sex, Duration (3 way interaction) 

– Calendar Year, Rated status. Single/Joint, Socio-Economic, 

Sum assured band, Guaranteed v Reviewable, Product type 

(LTA / DTA / etc) 
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Model – Investigation 3 : AGE * SEX * (SMK + DUR) 
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Now that we are targeting 

A/E, it is no surprise that most 

factors are no longer 

significant – showing that the 

expected basis (WP50) is a 

pretty good fit.    Note the 

residual on age though !   

Compare this to the output 

from the first model 
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Model – Investigation 3 : AGE * SEX * (SMK + DUR) + 
SA + SE + R + GR + JS + Prod 
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Model – Investigation 3 : AGE * SEX * (SMK + DUR) + 
SA + SE + R + GR + JS + Prod 
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Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

What happens if we remove gender from Model 2? 
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What happens if we remove gender from Model 2? 
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So losing gender as a rating 

factor only reduces the 

predictive power of the 

model slightly – and we can 

mitigate this to some degree 

through use of wider rating 

factors 

AIC Residual 

deviance 

Gender/Age 41,658 27,956 

Age 41,712 28,019 
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What happens if we remove both gender and age 
from Model 2? 
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But loss of age as a rating 

factor significantly worsens 

our ability to predict the 

claim rate 

AIC Residual 

deviance 

Gender/Age 41,658 27,956 

Age 41,712 28,019 

Neither 44,296 30,538 
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Removing gender & age from Model 2 
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So removing gender creates a small risk (which we can further 

mitigate by understanding how gender mix varies by key rating 

factors).  

Removing age is a key risk !    
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Summary 

• Multiple regression is difficult, time consuming and always 

vulnerable to subjective decisions about what to include and what 

to leave out 

• But decisions are always subjective to some extent.   No system 

can do all the work in deciding what is the best model 

• An overly complex model will lead to spurious results.  Models 

can only be as complex as the data volume allows 

• R allows us to get into GLMs quite quickly - so it is easy to get 

stuck in and start to learn more about your rating factors 

• But, you’ll need some statistics knowledge to interpret your 

results 
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Further Reading 

• CMI – Working Paper 58 (2011) 

• An Introduction to Generalized Linear Models, Dobson & Barnett (2008) 

• Statistics : An Introduction using R, Crawley (2005) 

• Generalized Linear Models for Insurance Data, Jong & Heller (2008) 

• Demystifying GLMs (Sessional Meeting - Australia), Henwood et al (1991) 

• Risk classification in life insurance: methodology and case study, Gschlössl,  

Schoenmaekers and Denuit (2011) 

• Actuarial Graduation Practice and Generalised Linear and Non-Linear Models, 

Renshaw (1991) 
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Questions or comments? 

• Expressions of individual views by 

members of the Actuarial Profession 

and its staff are encouraged. 

• The views expressed in this 

presentation are those of the 

presenter. 
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