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I h - T R O D U C T I O N  

The Executive Committee of the Continuous Mortality Investigation Bureau of 
the Institute of Actuaries and the Faculty of Actuaries has pleasure in present- 
ing this. the eighteenth number of its reports. 

The papers presented in this report relate entirely to Permanent Health Insur- 
ance (PHI) or, as it is now commonly described, Income Protection Insurance. 
The first covers the sickness experience for the 1991-94 quadrennium for indivi- 
dual PHI policies. It analyses both inceptions and terminations using the multi- 
state model approach presented in C.M.I.R. 12 in 1991. The methods of analysis 
are those described in C.M.I.R. 15 in 1996. 

The second report covers the experience of group PHI policies in the same 
quadrennium. It uses the same methodology as the first paper to analyse 
claim terminations for this business and reports on the combined experience 
of individually costed and unit costed business. The volume of individually 
costed in force business submitted did not make an analysis of inception experi- 
ence possible for this business and indeed collection of in force data for group 
PHI business has now ceased. 

The other two papers are research papers written by Athol Korabinski and 
Prof. Howard Waters of Heriot-Watt University. Using data supplied by the 
Bureau, the two papers look at claims experience in the period 1987-1994 for 
individual PHI policies. One paper considers inceptions and the other termina- 
tions. The papers use two different methods to analyse and model the data: a 
generalized linear model and credibility theory. The papers focus on the differ- 
ence in experience between the individual companies that contribute to the com- 
bined experience as well as the effect of deferred period, sex and investigation 
year. It should be noted that great care was taken by both the Bureau and 
the authors to protect the confidentiality of contributors and all the offices 
whose data were used were given the opportunity to withhold their data from 
the study, although none chose to do this. 

The six months since the publication of the last C.M.I. Report, Number 17, 
has been a very busy one for the Bureau. 

This Report and the publication to member offices of individual PHI results 
for 1995 and 1996 evidence the progress on the PHI investigation. Data collec- 
tion for more recent years is progressing well and the Bureau looks forward to 
producing annual results and quadrennial reports in much improved timescales. 
The Windows version of the Standard Tables Program has been launched and 
incorporates the "92" Series of mortality tables based on the 1991-94 mortality 
experience. At the time of writing the 1995-98 mortality experience is being ana- 
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iv Introduction 

lysed with the aim of publishing results in the first half of 2000, initially on the 
profession's web site and then in the next Report in this series. 

One of the Bureau's main priorities is to establish a successful Critical Illness 
investigation. The original investigation was launched in 1995 but has not 
attracted sufficient data to make publication of results worth\vhile. Whilst the 
Bureau is grateful to those offices that have contributed data to the investiga- 
tion, it is imperative that additional contributors are recruited. This is being 
progressed by the recently formed Critical Illness Suh-Committee and we are 
also liaising with the profession's Health Care Study Group who have them- 
selves conducted an investigation in this area. A revised and more flexible set 
of data requirements is being developed and the investigation will be "re- 
launched" during 2000. 

I would like to thank all those involved in the preparation of these reports and 
the other work of the Bureau, but in particular the offices who support us both 
financially and by providing us with data. I would also like to thank the Secre- 
tariat of the Bureau, Alden Press and, very importantly. the members of the 
Executive Committee and the Sub-Committees. 

Finally, I must mention my immediate predecessor as Chairman of the 
Executive Committee, Colin Kirkwood. Colin retired from his roles with the 
Bureau on I July 1999 after twenty-five years of service on the Executive Com- 
mittee, the last five of these as Chairman. During this time there have been six- 
teen CM1 Reports and two sets of mortality tables and Colin had a hand in most 
of them. He was particularly involved in the recent publication of the "92" 
Series of tables. His vast experience and guiding hand \\:ill he greatly missed 
by all associated with the Bureau. 

January 2000 P J Nowell 
Chairman, Executive Committee 
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S I C K N E S S  E X P E R I E N C E  1 9 9 1 - 9 4  F O R  
I N D I V I D U A L  P H I  P O L I C I E S  

K E Y W O K U S  

Individual PHI; Inceptions; Terminations; Occupational class 

E X E C U T I V E  S U M M A R Y  

This report presents the results of an analysis o r  the claims experience for indi- 
vidual PHI policies for the quadrennium 199 1-94, The analysis is based on the 
mathematical model for the analysis of PHI data described in C.M.I.R. 12 
(1991). The methods of analysis used for claim inceptions and claim termina- 
tions are those described in two reports in C.M.I.R. 15 (1996). The quadren- 
nium featured the first collection by the C.M.I. Bureau of the PHI data split 
by occupational class. 

The key points arising from the analysis are described below. 

0 The bulk of the results presented relate to the Standard* data set where data 
is analysed by occupational class. where known. For the purposes of compat- 
ibility with previous quadrennia, the results of the Standard experience are 
also presented. Paragraph 2.2 describes the two data sets. 

0 Volumes of data submitted to the investigation showed a small increase on 
the previous quadrennium, but did decline in the latter two years of the quad- 
rennium. 

0 Not all contributors could provide information on occupational class. Also, 
volumes of data for other than Class 1 are low for some sections of the data, 
particularly DPl;  DP52 and females. 

0 Inception experience for the shorter deferred periods, DPI and DP4, was 
somewhat lighter than the previous quadrennium for both males and females. 

0 lnception experience for males for the longer deferred periods, DP13, DP26 
and DP52, was generally heavier than the previous quadrennium but only 
significantly so for DP52. 

0 Inception experience for females was significantly heavier than the previous 
quadrennium for DP26 but a little lighter for DP13 and DP52. 

0 Female inception rates remain significantly higher than male rates for all 
deferred periods. 

1 
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0 Overall recovery rates have continued to decline for both males and females, 
continuing the trend observed over the previous two quadrennia. 

0 Female recovery rates were lower than male recovery rates, though less 
marked than the difference in inception rates. 

0 There is a strong tendency for inception rates to increase with occupational 
class_ i.e. increasing from Class 1 (professional) to Class 4 (heavy manual). 
There appears to be little evidence of any similar link between occupational 
class and termination rates. 

1. I N T R O D U C T I O N  

Several reports have been published to date covering the sickness experience for 
individual PHI policies. 

The first report, published in C.M.I.R. 2, 1 (1976) described the experience of 
1972 and 1973 and compared actual weeks of sickness with those expected on 
the basis of the Manchester Unity A. H. J ,  table. Inception rates for quin- 
quennial age groups were also tabulated. The report also described the 
data coding system and computer processes. 

The second report; C.M.I.R. 4, 1 (1979) described the experience of 1972-75 
and a graduated Manchester Unity-type table and inception rate table based 
on that experience. 

The third report, C.M.I.R. 7, 1 (1984) described the experience of 1975-78 
and a graduated Manchester Unity-type table and inception rate table 
based on that experience. It also introduced the concept of Standard data 
which is an elite subset of the overall Aggregate data. 

The fourth report, C.M.I.R. 11, 113 (1991) described the experience of 1979- 
82 using the 1975-78 graduated rates as the comparison basis. 

The above reports all relied on the traditional Manchester Unity approach to 
analysing PHI data. Most practical PHI pricing has for many years been 
based around an inception/disability annuity approach. Although some analy- 
sis of inception rates had been carried out in these reports, they contained no 
analysis of termination rates. C.M.I.R. 12 introduced a multiple state model 
for PHI which reconciled the two approaches. The individual male Standard 
data for 1975-78 was used to develop graduated transition intensities between 
healthy and sick, sick and healthy and sick and dead. 

Two subsequent reports used the model to compare the experience of suhse- 
quent data sets with the graduated rates based on individual Standard data for 
1975-78. 
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One report, C.M.I.R. 15, 1, compared actual and expected inceptions for, 
inter aiia, the quadrennia 1975-78, 1979-82, 1983-86 and 1987-90 in respect 
of individual PHI data. The report described the methodology that has 
been used to analyse inceptions in this report. 

A second report, C.M.I.R. 15, 51, compared actual and expected recoveries 
and deaths of those sick and claiming under PHI policies for, inter aliu, indi- 
vidual PHI business in 1975-78, 1979-82. 1983-86 and 1987-90. The report 
described the methodology that has been used to analyse claim terminations 
in this report. 

With effect from 1991. the investigation started to collect data sub-divided by 
occupational class. Some offices could not provide information on occupational 
class from that year but started in a later year. Others could not provide it for 
any year in the 199 1-94 quadrennium and others could provide only claims data 
sub-divided by occupational class but not in force data. The quadrennium was 
something of a transition period in this respect but the PHI Sub-Committee still 
feel that useful results can be produced on experience by occupational class. 

The PHI Sub-Committee is acutely aware that it is unsatisfactory to publish 
quadrennium results at such a late stage after the end of the quadrennium to 
which the results relate. The difficulties related largely to system issues at con- 
tributing offices affecting a substantial section of the data. To address the 
need for more timely information an article was published in the November 
1996 issue of The Actuary giving a short report on the 1991-94 experience col- 
lected to date. This was published with a health warning that the data was both 
incomplete and was likely to contain errors which would be subject to subse- 
quent corrections. Nonetheless the PHI Sub-Committee trust that the profes- 
sion found the interim information useful and are planning to publish similar 
updates in future. 

It is pleasing that datacollection for yearssubsequent to the 1991-94 quadren- 
nium is much more up to date and it is envisaged that future reports will be pub- 
lished within a much reduced timescale, though this may nevertheless require 
some data being excluded from the investigation if it is not available in time. 

2. T H E  I N V E S T I G A T I O N  O F  P H I  E X P E R I E N C E  B Y  O C C U P A T I O N A L  C L 4 S S  

2.1 Class(frcation 
The PHI Sub-Committee wishes to express its gratitude to Alan Jefferies, who 
has since retired from the Sub-Committee, for his work in developing the 
C.M.I. Bureau's approach to investigating the effect of occupational class. 
The approach adopted is for offices to submit data using their own internal 
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class coding field. Each internal class code is then converted to the most appro- 
priate of four C.M.I. standard classes for analysis purposes. based on an inspec- 
tion of internal rating guides kindly provided by the office. The classes used by 
the C.M.I. Bureau can broadly be described as follows: 

Class 1 Professional, managerial, executive, administrative and clerical classes 
not engaged in manual labour. 

Class 2 Master craftsmen and tradesmen engaged in management and super- 
vision; skilled operatives engaged in light manual work in non-h'uar- 
dous occupations. 

Class 3 Skilled operatives engaged in manual work in non-hazardous occupa- 
tions. 

Class 4 Skilled and semi-skilled operatives engaged in heavy manual work or 
subject to special hazard. 

There will undoubtedly be inconsistencies introduced and the same life insured by 
two different offices could, in some cases. end up in two different C.M.I. classes. 
However, the PHI Sub-Committee believes that there will still be useful informa- 
tion to be gained from the analysis. Using a telecommunications analogy, there 
will be a lot of noise but the underlying signal should still be strong. 

2.2 The Standard* subsel 
Since the 1975-78 quadrennium. the main analyses carried out by the Bureau 
have been based on an elite subset of the overall data known as the Standard 
data. The Standard data consists of UK policies with no occupational rating, 
no special benefit types (e.g. lump sums) and no identifiable underwriting exclu- 
sions. Since 1991 offices have submitted data containing the old "occupational 
rating" field and the new occupational class coding field. It is apparent from an 
examination of the data that some offices have interpreted occupationally rated 
as "not Class 1" and others have adopted a different definition. This is likely to 
have been the case in previous quadrennia. It appears, though, that the great 
majority of the Standard data, probably over 95%. is Class 1. 

To make use of the occupational information a new subset of the total, or 
Aggregate_ data has been defined. This uses the same criteria as for the Standard 
data but ignores completely the contents of the "occupational rating" field. It 
therefore represents a larger subset than the Standard data and consists of 
UK policies with no special benefit types and no identifiable underwriting exclu- 
sions and has been designated Standard*. 

The inception and termination experience for the Standard* data is presented 
for the four occupational classes described above. Not all offices, however, 
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could provide a complete breakdown of their business by occupational class for 
all their data. This might arise for a number of reasons: 

0 None of the data could be coded by occupational class for any year. 

0 Coding by occupational class %,as possible for some years (usually the later 
years) only. 

0 Only part of the office's portfolio can be coded. by occupational class. 

This required a fifth subset of the Standard* data; "Class Unknown", to be ana- 
lysed. This presents no special problems with the analysis of terminations. The 
analysis of inceptions requires consistent coding by occupational class for three 
sets of data, in force at both the beginning and end of a year and claims during 
the year. 

Where there are clear inconsistencies (e.g. claims and year end in force data is 
coded by occupational class and year beginning data is not) all inception experi- 
ence is analysed under "Class Unknown". This approach has also been adopted 
where there appears to be some inconsistency e.g. the proportion of business 
coded as having unknown occupational class differs markedly between the 
beginning and end of year in force or between in force and claims. Some offices 
could only code claims data by occupational class but not in force so the pro- 
portion of "Class Unknown" business is significantly lower for the termination 
analysis than for the inception analysis. It is expected that the proportion of 
"Class Unknown" will reduce in future years. 

It is likely that for the future the Standard* experience only will be published. 
For the purposes of comparability with previous quadrennia this report also 
contains the Standard experience used in previous reports. 

3. T H E  O A T 4  

3.1 Drwription qf the dutu 
The data received by the C.M.I. Bureau is detailed and consists of a record for 
each in force pnlicy in respect of each year e ~ d .  Each claim which is in force 
during an investigation year will also generate one or more records for that 
year, thus one claim which spans several years will generate at least one separate 
record in each investigation year. All records contain fields describing the attri- 
butes of each policy and claims records contain additional fields relating to the 
duration and other features of the claim. A full description ofthe format ofthe 
data was given in C.M.I.R. 2,3-10 although a few amendments have been made 
subsequently. The most significant amendment is the addition of a field to 
record the office's own occupational class. 
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3 .2  Features of the dutu 
A detailed breakdown by attribute of the data analysed is given in Table A1 of 
the Appendix. It shows for the Aggregate data, together with the Standard and 
Standard* subsets, the number of policies in force at the beginning and end of 
each investigation year summed across all four years in the period. It also shows 
the number of claims records similarly summed across the four year period. 

The following features emerge from this table and an examination of similar 
tables in respect of earlier quadrennia. 

Figure I below shows the comparison of the volume of Aggregate in force 
and claims records submitted for individual PHI business in the previous 
three quadrennia. The in force volumes are calculated as the average of the in 
force number of policies at the beginning and end of each year and therefore 
represent a broad measure of exposure by "policy years in force". The claims 
volumes are measured by the total number of claims records received. It is 
pleasing to note that the volume of data available to the investigation has 
again increased, although at a somewhat slower rate than for earlier quadren- 
nia. The PHI Sub-Committee are keen to ensure that the investigation has 
access to the largest possible volume of industry data and any new contributors 
are welcome. Potential contributors should be aware that the C.M.I. Bureau 
will now accept data in "own format" and perform the conversion to the 
standard format used in the investigation, if this is more convenient to contri- 
butors. 

The Standard data represents about 79% of the Aggregate in force data and 
about 74% of the Aggregate claims data. The Standard* data represents about 
95% of the Aggregate in force data and some 90% of the Aggregate claims data. 

The breakdown of the Aggregate data and the Standard and Standard* sub- 
sets by deferred period is shown in Table 1 below. 

The breakdown of the data by sex is very similar for all three data sets. For 
both Aggregate and Standard* data sets females account for some 14% ofthe in 
force records and some 12% of the claims records. For the Standard data set 
females account for some 15% of the in force and some 13% of the claims 
records. 

It  is particularly interesting to look at the composition of the three data sets 
by occupational class (as allocated by the C.M.I. Bureau from the offices' own 
coding of occupational class). The percentage of data coded for each occupa- 
tional class and the percentage of data coded where each class was unknown 
are shown in Table 2 below. 
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Aggregate In force 

79-82 83-86 87-90 91 -94 

Quadrennium 

Aggregate Claims 

79-82 83-86 87-90 91-94 

Quadrennlum 

p- 
- - 

Fi-gure I .  Comparison of volumes of Aggregate data for individual PHI business in 
1979-82, 1983-86. 1987-90 and 1991-94. 
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Table l .  Individual PHI 1991-94. In force and claims. Aggregate, Standard 
and Standard* data. Percentage of data by deferred period. 

Deferred 
Period 

I week 
4 weeks 
13 weeks 
26 weeks 
52 weeks 

In iorcc records Claims records 

Aggregate Standard Standard* Aggreplr Standard Standard* 
"l0 0 % o?n 54 

7 8 7 38 45 37 
20 14 20 25 16 24 
30 29 30 18 I6 18 
29 33 29 14 17 I 5 
14 16 14 5 6 6 

100 l00 100 100 100 1 00 

Table 2. Individual PHI 1991-94. In force and claims. Aggregate, Standard 
and Standard* data. Percentage of data by occupational class. 

CM1 I n  force records 
allocated 
occupational Aggregate Standard StandardX 
class 54 % 

Class 1 47 56 46 
Class 2 5 2 5 
Class 3 1 3 
Class 4 2 0 2 
Class Unknown 43 41 44 

Claims rccords 

Aggregate Stdndard Standard* 
U 

The following comments apply to Table 2 

It would appear from the column covering Aggregate in force that, where the 
occupational class is known, over 80% of the data relates to Class I policies. 

The Standard data set contains some policies which are not Class I though 
the proportion, based on cases where the occupational class is known. 
would appear to be of the order of 5%. This is as a result of some offices 
coding policies as not occupationally rated when they are in fact not 
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Class 1. It seems reasonable to suppose that similar coding practices were 
adopted for earlier submissions and that Standard data sets used to produce 
results in respect of earlier quadrennia contained a small proportion of non- 
Class 1 business. 

Some oRices could not submit in force data coded by occupational class but 
could submit claims data so coded. This is reflected in the much lower pro- 
portion of claims records for which the occupational class is unknown. 

0 The Standard* claims data shows a greater proportion of "Class Unknown" 
business. This reflects the fact that some data is treated as Class Unknown for 
the purpose of the analysis of inception rates by occupational class where 
there is reason to believe that there may be inconsistency between the 
coding of claims and in force by occupational class for a particular office 
in a particular year. 

Only a very small proportion of the data relates to non-UK policies. The 
amount involved is less than 1% of the total data and relates mainly to the 
Republic of Ireland. 

A second. perhaps more informative_ way of looking at volumes of data is by 
the number of significant 'events' - claim inceptions and claim terminations by 
recovery and death. A breakdown of the analysed events for the Standard 
experience for each deferred period is shown in Table 3 below. 

It can be seen that the number of terminations by recovery and death is much 
less than the number of inceptions. The principal reason for this is that the ter- 
minations exclude suspected duplicate policies whereas the inceptions do not. In 
addition, the terminations exclude policy expiries at the policy termination date. 
Also terminations do not directly correspond to inceptions, some terminations 

Table 3. Individual PHI 1991-94. Volume of data by number of analysed 
events. Standard data by deferred period. 

Defcrrcd 
period 

-~ 

NO. or 4, 
inceptions 

l reek  
4 weeks 
13 ureks 
26 weeks 
52 \reeks 

Total 

ha. of "0 No. of 30 
recoveries deaths 

5.508 61 67 12 
2.004 -- 7, 112 20 
1,052 12 179 32 

386 4 146 26 
77 l 56 10 

9,027 100 560 100 
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relating to inceptions prior to the investigation period and some inceptions 
being continuing claims at the end of the period. 

The Standard* data can also be analysed by C.M.I. occupational class within 
deferred period as shown in Table 4 below. 

It can be seen that most of the data that could be occupationally coded is 
Class I .  Although there are significant volumes of data for Classes 2, 3 and 4 

Table 4. Individual PHI 1991-94. Volume of data by number of analysed 
events. Standard* data by occupational class within deferred period. 

Occu~ational 210. of 9/0 No. of % No. of V 0  
class inceptions recoveries deaths 

DPI 
Class I 
Class 2 
Class 3 
Class 4 
Class Unknown 

D P4 
Class 1 
Class 2 
Class 3 
Class 4 
Class Unknown 

DP13 
Class l 
Class 2 
Class 3 
Class 4 
Class Unknown 

DP26 
Class 1 
Class 2 
Class 3 
Class 4 
Class Unknown 

DP52 
Class l 
Class 2 
Class 3 
Class 4 
Class Unknown 
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for DP4_ DP13 and DP26, there is little data for DP1 and DP52. The problem of 
paucity of data is exaggerated for the female data. 

For all deferred periods but DPI_ a substantial proportion of the data is 
coded as Class Unknown. The proportion is larger for inceptions because 
some data was analysed as Class Unknown even though the claims data was 
coded by occupational class. This arose because either the beginning or end 
of year in force data was not so coded or because it was suspected that 
coding between claims and in force was inconsistent. 

4. C L A I M S  E X P E R I E N C E  S T A N D A R D  D A T A  

4.1 1nception.s 
The methodology for analysing claim inception experience of PHI business was 
set out in C.M.J.R. 15. 1. The same methodology and table layout is used in this 
report. The basic approach is to compare actual inceptions with those expected 
on the basis of the C.M.I.R. 12 model parameterised using the males, individual 
policies. Standard experience for 1975-78. 

The report in C.M.I .R.  15 featured tables giving brief summaries of the ana- 
lyses of claim inceptions on individual PHI policies for each quadrennium in the 
period 1975-90. Tables A2.1 and A2.2 in the Appendix are updates of those 
tables with the addition of the experience for 1991-94. The tables show values 
of IOOAIE for each deferred period and a confidence interval of + 2  standard 
deviations. The tables in this report also show the number of actual inceptions 
in each experience and omit IOOA/E and confidence intervals where the number 
of inceptions is less than 10. 

Figures A l . l  and AI.2 in the Appendix show the same information graphi- 
cally. No results are shown graphically if the number of actual inceptions is less 
than 10. 

The detailed results are set out in Tables A3.1 and A3.2 in the Appendix to 
this report covering the male and female experiences respectively. The tables 
show a statistical analysis of actual claim inceptions, labelled AINC, against 
expected inceptions, labelled EINC, for quinquennial age groups for each sex 
and deferred period. The tables also show a statistical analysis of actuals against 
a modified value ofexpected, labelled EINC*_ where q, has been multiplied by a 
factor required to make the total number of expected claim inceptions equal to 
the total actual number (this is the factor shown as a percentage at the foot of 
the IOOxA/E column). A more detailed description of the methodology is given 
in the earlier report. 

The statistical tests described in Section 3 of the report in C. M.J.R. 15 incor- 
porate a variance ratio to allow for the presence of duplicate policies in the data. 
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The ratios are different for each deferred period and are those used in C.M.I.R. 
12, Part C ,  paragraph 1.2 for the graduation of the sickness intensity, a,. They 
were derived from an analysis of 1975-78 Aggregate data. 

The results in 1-ahles A3.1 and A3.2 suggest that the values of Z and Z* and 
the corresponding values of X2 are overstated. In some cases, the tests indi- 
cate that the modified values of expected inceptions do not give a good fit 
whereas a visual inspection suggests that this might not be the case. This in 
turn suggests that the variance ratio incorporated in the calculation of Z and 
Z* may he too low or, put another way, the extent of duplicate policies in the 
data has increased significantly since the 1975-78 quadrennium. This has been 
confirmed by subsequent investigation. The variance ratios have not been 
adjusted for the purposes of this report due to time constraints but will be 
adjusted for future analyses. 

The following features are apparent: 

The experience, in terms of claim inceptions, is generally lighter than the pre- 
vious quadrennium for the shorter deferred periods, 1 and 4 weeks. This 
applies to males and females. 

The 13 week deferred period business experience is slightly higher for males 
and somewhat lower for females than the 1987-90 experience but there is con- 
siderable overlap of confidence intervals. 

The experience for the longer deferred periods seems generally worse than 
1987-90 for D26 females and D52 males: but not significantly different for 
D26 males and D52 females. 

The female experience remains significantly worse than the male experience 
for all deferred periods. 

Readers should exercise caution when attempting to draw conclusions about 
trends from these results. There is considerable variation of experience between 
offices and the combined results can be influenced by changes in the mix of 
offices contributing from year to year. Other factors may also mask any 
trends in the underlying morbidity. for example changes to underwriting prac- 
tices and claims control procedures. 

4.2 Terminations 
The methodology for analysing the claim termination experience for PHI husi- 
ness was set out in C.M.I.R. 15, 51. The same methodology and table layout is 
used in this report. Actual deaths and recoveries are compared with those 
expected on the basis of the C.M.I.R. 12 model parameterised using the 
males, individual policies, Standard experience for 1975-78. 
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Table A4 of the Appendix contains a comparison of the values of 100A/E, for 
all ages and durations combined, with those applying to the previous four quad- 
rennia. Values based on fewer than 30 events are shown in italic; values where 
the value of eitherp(+/-) orp(B) is less than 0.025 are shoun in bold. No results 
are shown where the number of actual events is less than 10. 

The results inTable A4 are illustrated graphically in FiguresA2.1-A2.4in the 
Appendix. In addition to the 1OOAlEresults shown in the tables, the figures also 
illustrate a confidence interval, the lower limit being 100(A - 2 d ! ? ) / ~  and the 
upper limit being 100(A + 2 & ) / ~ .  As with Table A4, no results are shown 
when the number of actual events is less than 10. 

The detailed results and statistical analysis of the results are summarised in 
Tables A5.1-A5.4 of the Appendix for male recoveries. female recoveries, 
male deaths and female deaths respectively. Readers are referred to the report 
in C.M.I.R. 15 for a full description of the tables and the statistical analysis 
used. 

Note that the statistical analysis is carried out on two bases for expected 
events. Firstly, they are based on "E', the expected events on the basis of the 
males, individual policies, Standard experience for 1975-78. Secondly, they 
are based on "adjusted E'. which is equal to the expected number of events mul- 
tiplied by the overall ratio of actual to expected events for that combination of 
sex, det'erred period and type of event. The purpose of this dual statistical ana- 
lysis is to indicate whether any lack of fit relates only to the level of the compar- 
ison basis rather than the "shape". 

The following features are apparent: 

For both males and females; overall recovery rates have continued to 
decline. This continues a trend observed over the previous two 
quadrennia. This pattern, though_ is not observed for 1 week deferred 
period business where recovery rates have increased somewhat. However, 
this experience is dominated by recoveries in the first few weeks of 
sickness. 

Overall female recovery rates are lower than the male rates as has been 
observed in previous quadrennia. The difference though is much less 
marked than for inceptions. The female data, however, is comparatively 
sparse and confidence intervals are correspondingly wide. 

The pattern of overall actual vs expected recovery rates by duration of sick- 
ness for males is similar to that observed in the previous two quadrennia but 
is different from that for males 1975-78 on which the graduated rates, and 
hence the expected numbers of recoveries, were based. The pattern involves 
AIE exceeding 100% in the first 3 weeks of sickness and then declining with 
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duration of sickness until a point in the second half of the first year of sick- 
ness. Thereafter. AIE values increase with the duration of sickness. A similar 
pattern is observed for females. 

Overall male death rates have also continued the declining trend observed 
over the previous two quadrennia, though the data is relatively sparse and 
confidence intervals are correspondingly wide. There is very little female 
deaths data. 

8. O C C U P A T I O K . % L  C L A I M S  E X P E R I E N C E  S T A K D A R U '  D . 4 T A  

5.1 Inceptions 
The same methodology is used for analysing the Standard* data set as was used 
to analyse Standard data as described above. This involves a comparison of 
actual inceptions with those expected on the basis of the C.M.I.R. 12 model 
parameterised using the males, individual policies. Standard experience for 
1975-78. The results are presented in the same basic format, the difference 
being that the volume of information increases by a factor of six. This results 
from the tabulations for each sex and deferred period requiring a further sub- 
division into tables for Classes 1 to 4, Class Unknown and all business com- 
bined. 

The results are summarised in Tables A6.1 and A 6 2  in the Appendix which 
show, for each occupational class within deferred period, values of 100A:'E and 
a confidence interval of =k2 standard deviations. The tables also show the 
number of actual inceptions. Figures A3.1 and A3.2 in the Appendix show 
the same information graphically. No value of 100A/E or confidence interval 
is shown where the number of actual inceptions is less than 10. Tables A6.1- 
A6.2 and Figures A3.1-A3.2 are similar in appearance to Tables A2.l-A2.2 
and Figures A1.l-Al.2; but the latter compare experience across quadrennia 
and the former compare experience of occupational classes within a quadren- 
nium. 

Tables A7.1-A7.10 show a statistical analysis of actual claim inceptions, 
labelled ATNC, against expected, labelled EINC, and against adjusted expected, 
labelled EINC*, where has been multiplied by a factor required to make the 
total number of expected claim inceptions equal to the total actual number (the 
factor being the percentage at the foot of the 1OOxAiE column). Tables A7.1- 
A7.5 relate to males for deferred periods 1, 4, 13, 26 and 52 weeks respectively. 
Tables A7.6-A7.10 relate to females for the five deferred periods. Each table is 
then further sub-divided into six elements labelled (a)-(0 where (a)-(d) relate to 
occupational classes 1-4 respectively, (e) relates to Class Unknown and (0 
relates to all classes (including Class Unknown) combined. 



Sickness Ewperience 1991.94 for Indii,iduul PHI Policies l 5  

Readers are referred to the comments in 4.1 above regarding the allowance 
for duplicate policies in the statistical tests. 

The tables are vohnninous and the data available for Classes 2-4 for some 
deferred periods is very sparse or, in some cases; non-existent. Where the 
data for any of the subsections (a)-(f) is sparse, the number of actual inceptions 
being less than 10; that subsection of the tables has been omitted. 

The key features emerging from the experience are as follows: 

The bulk of the data for Classes 2-4 is concentrated in the male experience for 
deferred periods 4 and 13 weeks and, to a lesser extent, 26 weeks. For these 
three experiences there is strong evidence of inception rates increasing from 
Class 1 to Class 4, i.e. the professional occupations have the lightest experi- 
ence and the manual occupations have the heaviest. This is the expected 
result based on intuition and insurers' practice in rating the various classes. 

The much smaller experience for male 52 week deferred period business sug- 
gests that a similar pattern applies but there is virtually no data for 1 week 
deferred period business for classes other than Class I .  

For the male 4; 13 and 26 week business, the Class Unknown experience 
appears to be heavier than Class 1 and lighter than Class 2. For the male 
52 week business the Class Unknown business shows slightly lighter experi- 
ence than Class 1 but not significantly so. For the male 1 week business the 
Class Unknown experience is significantly lighter than the Class 1 business 
but there are special features of this business and readers should be cautioned 
about drawing any conclusions from this. 

The female data for Classes 2-4 is very sparse. That which there is relates 
mainly to Class 2 with some Class 3 for the 4 week deferred period. This lim- 
lted experience shows a simllar pattern to the male experience with incept~on 
rates increasing from Class 1 to Class 3. 

5.2 Tmi7inulions 
As with inceptions, a similar approach has been made to analysing the Stan- 
dard* data set as was used with the Standard data. Actual recoveries and 
deaths are compared with those expected on the basis of the C.M.I.R. 12 
model parameterised using the males; individual policies, Standard experience 
for 1975-78. The results are presented using the basic format introduced in 
C.M.I.R. 15, 51. The experience for each sex and deferred period is suh-divided 
into six elements for Classes 1-4_ Class Unknown and all business combined. 

Table A8 of the Appendix shows a summary of the experience by sex, 
deferred period and occupational Class. The figures represent lOOA/E for all 
ages. They are shown in italic if the number of actual events is less than 30 
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and omitted completely if the number of actual events is less than 10. Values 
where the value ofp(+/-) or p(B) is less than 0.025 are shown in bold. 

The results in Table A8 are illustrated graphically in Figures A4.bA4.4. The 
figures show a confidence interval in addition to the values of l0OAiE shown in 
the tables. The lower limit is 100(A - 2 & ) / ~  and the upper limit is 
100(A + 2 & ) / ~ .  As with the table, no results are shown where the number 
of events is less than 10. 

The detailed results by duration of sickness and age group together with the 
results of the various statistical tests are shown in Tables A9-A12 of the Appen- 
dix. These deal with male recoveries_ female recoveries, male deaths and female 
deaths respectively. Each table is further sub-divided into six sections by occu- 
pational class. For example, Table A9 is sub-divided as follows: 

Table A9.1 Class I 
Table A9.2 Class 2 
Table A9.3 Class 3 
Table A9.4 Class 4 
Table A9.5 Class Unknown 
Table A9.6 All business 

Readers are referred to the report in C.M.I.R. 15 for a full description of the 
tables and the statistical tests used. Where the volume of data is sparse, less 
than 10 actual results, the sub-division of the table is omitted for the relevant 
occupational class. 

The following features are apparent: 

For male recoveries, there is no strong influence of occupational class on 
overall recovery rates as observed for inceptions. This is apparent from the 
results for the 4, 13 and 26 week deferred period experience where there is 
a reasonable volume of data for all classes. 
The overall experience for all deferred periods combined shows that male 
Class 1 recoveries are significantly higher than for other Classes. This, 
though, is somewhat misleading as it is dominated by the 1 week deferred 
period business which has a large number of recoveries at very short duration 
of sickness and almost no Class 2, 3 or 4 business. 
For female recoveries, the data is more sparse. There is no clear pattern for 
recovery rates to increase or decrease with occupational class. 
For male deaths, the data is sparse but there is some evidence that Class I 
business exhibits higher death rates than the Classes 3 and 4. 
The data is too sparse to draw any conclusions about the influence of occu- 
pational class on female deaths. 
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The Executive Committee and the PHI Sub-Committee wish to thank the 
following offices which have contributed data to this investigation. The office 
names given are, generally, those applying at the time of submission. 

Britannia Life Legal & General 
Commercial Union Medical Sickness 
Eagle Star Norwich Union 
Friends Provident Sun Alliance 
General Accident UNUM 
Guardian Zurich Life 
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Table A l .  Individual PHI policies, 1991-94. Aggrcgatc, Standard and Standard* data. Number of policies 2 
in force at the beginning and cnd of each investigation year and number of claims records summed across h 

the four year period. $ 
2. 

Aggrcgntc d ; m  Standard data Standard' data 2 
2 .. 

Aftrihute In iurce nl In force at Claim In force at In force at Claim In force at In Surcc ;it Claim 2 
alarl O S  year end of year records start of  year cnd of ycsr records start of year cnd oi  year rccords > 

~ ~ '0 

Comlry U K  
3 

1.641.062 1,631,302 64,026 1,306,761 1,297,255 47.531 1.574.395 1,563,735 58,402 3 
Republic of Ireland 12,345 11,071 552 U 0 0 0 0 
Isle of Man 477 530 9 0 0 0 0 0 
Channel Islands 861 R96 26 0 0 0 0 0 

0ccupstion;il Not riited 1.363.256 1.353.633 52.316 1.106.761 1,297,255 47.531 1,306,761 1.297.243 47.528 *D 
IUaong Rnlcd 291,489 290.166 12.293 11 U 0 267.634 266.492 10.871 2 

Unknown 0 0 4 0 0 0 0 0 3 3  
U 

Ucncfil Type Level 839.025 805.956 41.343 634,439 604.991 30,622 797.693 765.666 37.589 5 
Increasing 805.279 828.407 21,736 662,980 683,806 15.509 766.906 789,212 19.412 5' 
Decreasing 10.431 9,425 1,522 V.342 8.458 1.400 9,796 8.857 1,401 
Waiver 2 5 3 (1 0 0 0 0 0 
Olhcr 8 6 9 0 0 0 0 0 0 



Medical 
Evidence 

CM1 
Occupational 
Class 

Inv~~tigation 
Year 

Medical 
Nun-medical 
N<m-se1ectios 
Unknown 
Pnrmedic 

Level nnn,r*l 
Recurrent singlc 
lncrrabing annual 
Other 

No crlra risk 
Hypcrlcnsiun 
Neurosis 
Enclusmn pwaible 
OLhrr 

C M 1  I 
C.M.I. 2 
C.M.I. 3 
C.M.I. 4 
C.M.I. unknown 

Total records 
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Table A2.1. Males_ individual policies. Standard experience for the 
quadrennia 1975-78, 1979-82, 1983-86, 1987-90 and 1991-94. Deferred periods 
1 ,  4, 13: 26 and 52 weeks. Ratios of actual claim inceptions to those expected 

using the C.M.I.R. 12 model parameterised using the males, individual 
policies, Standard experience for 1975-78. Also shown are lOOxA/E plus:' 

minus two standard deviations. 

DeferredPeriod Quadrennium Inceptions 100niA!E-2rSD) l00xAiE 100x(AE+2,xSD) 

Note: I0OxA:E figures and confidence intervals are omitted from the above table if the number of 
actual inceptions is less than 10. 
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Table A2.2. Females, individual policies, Standard experience for the 
quadrennia 1975-78, 1979-82, 1983-86, 1987-90 and 1991-94. Deferred periods 
1; 4, 13,26 and 52 weeks. Ratios of actual claim inceptions to those expected 

using the C.M.I.R. 12 model parameterised using the males, individual 
policies; Standard experience for 1975-78. Also shown are I0OxA:'E plus/ 

minus two standard deviations. 

Deferrcd Pmod Quadrenn~um Inceptions IOOx(A/E-2rSD) 100nA!E IOOn(A/E + 2xSD) 

Uote: IOOnA/E figures und confidence intervals are ornillcd from the abow table if the number of 
actunl inceptions is less than 10. 
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Table A3.1. Males. individual policies, Standard experience for the 
quadrennium 1991-94. Deferred periods 1, 4, 13; 26 and 52 weeks. 

Comparison of actual claim inceptions by quinquennial age group to those 
expected using the C.M.I.R. 12 model parameterised using the males, 

individual policies. Standard experience for 1975-78. 

Table A3.la: Deferred Period 1 Week 

AGO GROUP AlNC EINC 100tA:E Z EINC* 100nA:E* L* 

35-39 1.549.0 
40-44 2.325.0 
45-49 2.5850 
50-54 2.038.0 
55-59 1,496.0 
60-64 923.0 

18-64 12,027.0 

Total chi-squared 
Degrees of freedom 
Probability value 

Table A3.lb: Deferred Period 4 Weeks 
-~ - ~ ~ p  

4 G E  GROUP AlNC EINC 100xA:E Z EINC* 100rA/E* Z* 

18-24 46.0 
25-29 113.0 
30-34 165.0 
35-39 204.0 
40-44 323.0 
45-49 450.0 
50-54 411.0 
55-59 437.0 
60-64 272.0 

18-64 2:45L.0 

Total chi-squared 
Dcgrees of freedom 
Probabilily value 
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Table A3. lc:  Deferred Period 13 Weeks 

AGE GROUP AlNC EJNC 

Total chi-aquared 
Degrees oC Crcedom 
Probability value 

Z EINC* 

1 1 5  
0.23 22.5 

-0.79 62.3 
-0.12 125.6 
-1.34 231.2 
-0.12 352.8 

2.76 337.6 
2.08 370.5 

-2.71 288.2 

1.7940 

21.8 
8 

0.0053 

Table A3.ld: Deferred Period 26 Weeks 

AGE GROUP AlNC 

18-24 4.0 
25-29 10.0 
30-34 23.0 
35-39 39.0 
40-44 100.0 
45-49 215.0 
50-54 290.0 
55-59 349.0 
60-64 23 1.0 

Total chi-squared 
Degrees of freedom 
Prohahiliry value 

EINC 100nA:E Z EINC* 100xA:E* Z* 
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Table A3.le: Deferred Period 52 Weeks 

AGE GROUP AlNC ElNC 100xA:E Z EINC' 

18-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

18-64 

Total chi-squared 
Degrees of Freedom 
Probability value 

Table A3.2. Females, individual policies, Standard experience for the 
quadrennium 1991-94. Deferred periods 1; 4, 13, 26 and 52 weeks. 

Comparison of actual claim inceptions by quinquennial age group to those 
expected using the C.M.I.R. 12 model parameterised using the males, 

individual policies, Standard experience for 1975-78. 

Table A3.2a: Deferred Period I Week 

AGE GROUP AlNC ELNC I00xA:E Z EINC* 100xAIE" Z* 

18-24 21.0 27.0 
25-29 122.0 183.8 
30-34 131.0 133.4 
35-39 180.0 167.6 
4 -44  234.0 178.2 
45-49 240.0 143.9 
50-54 193.0 112.0 
55-59 109.0 78.3 
h0-64 40.0 26.6 

18-64 1,270.0 1.050.8 

Total chi-squared 
Degrees of freedom 
Probability value 



Sickness Experience 1991-94 for Individual PHI Policies 25 

Table A3.2b: Deferred Period 4 Weeks 

ACE GKOUP 41NC ETNC lIlOxA/E Z EINC* l00x4:E* Z* 

Total chi-squared 
Degrecs of freedom 
Probability villue 

Table A 3 . 2 ~ :  Deferred Period 13 Weeks 

AGE GROUP AlNC EINC IOOxA/E L ETNC* I00xA:E" Z' 

18-24 5.0 
25-29 25.0 
30-34 43.0 
35-39 37.0 
40-44 55.0 
45-49 57.0 
50-54 45.0 
55-59 39.0 
60-64 4.0 

18-64 310.0 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A3.2d: Deferred Period 26 Weeks 

AGE GROUP ATNC ElNC 100x4:E Z EINC* lOO\A;E* ZX 

18-24 2.0 
25-29 16.0 
30-34 28.0 
35-39 40.0 
40-44 53.0 
45-49 54.0 
50-54 74.0 
55-59 53.0 
60-64 9.0 

18-64 329.0 

Total chi-rquarcd 
Degrees of Freedom 
Probability value 

Table A3.2e: Deferred Period 52 Weeks 

AGE GROUP AINC ETNC l00xA:E Z EINC' 100xA;E" Z* 

Total &-squared 
Degrees of freedom 
Probability value 
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Table A4. Table of termination experience for individual PHI claims 1975-94. 
Standard experience. 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

(a) Males, recavenes 
1975-78 100 100 97 96 100 
1979-82 109 102 96 77 73 105 
1983-86 101 74 67 59 35 90 
1987-90 95 63 66 36 64 82 
1991-94 100 61 58 48 47 79 

(b) Femalcs. rccovenes 
1975-78 89 80 87 67 86 
1979-82 95 90 99 I05 94 
1983-86 91 76 71 57 83 
1987-90 92 64 61 51 48 77 
1991-94 96 59 54 46 12 71 

(C) Males, deaths 
1975-78 92 90 106 I25 100 
1979-82 91 102 105 97 77 97 
1983-86 63 88 71 83 97 77 
1987-90 53 71 80 73 76 71 
1991-94 47 65 70 62 84 64 

(d) Females, deaths 
1975-78 89 
1979-82 61 
1983.86 74 60 47 
1987-90 39 43 59 41 
1991-94 47 68 47 

Note: 
Italic if actual numbers of recoveries or deaths is less than 30. 
Not shown if actual numhsrs of recoveries or dsaths is less than 10 
Bold if either p ( + / - )  or p(B) < 0.025 for adjusted E. 
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Table A5.1. Males, individual policies, 1991-94. Standard experience, recoveries. 

A 
E 

IOOAlE 
Durationi: 

1-2 weeks 
2-3 weeks 
3 1  wecks 
4-8 weeks 
8-13 w e k ,  
13~17 weeks 
11~26 recks 
26~30 rccks 
30-39 rccks 
39 w k s ~ l  yr 
1-2 years 
2-5 years 
5-11 years 

Ages: 
20-24 
25-29 

All cells 100 61 58 48 47 79 

IJsing adjusted E 
Zz2 465.57 48.47 56.88 29.91 0.45 1.118.11 
df 74 54 41 20 2 102 
oiu2i 0.0WO 0.69 0.0505 0.0713 0.8 0.WW 

\ , m  I ~ I \  1 I. A:w> t - t , , . .  11 ~ h ~ . ~ ; t ~ . . ~ l  numhcr ,>I W. I $ ~ C \ I *  l : ~ ~ h . t n  .h p i , m.l;,~- -, 
h  l l . .  l l . :  h .  . I . .  h h  I (  p ~ B , ~ * ~ h . w n  . I ?  buld~r I;>, 
than 0.050. 
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Table A5.2. Males_ individual policies. 1991-94, Standard experience, deaths. 

100AiE 
Duranons: 

1-8 weeks 
8-13 weeks 
13-17 rccka 
17~26 weeks 
2630 weeks 
30-39 weeks 
39 rkr- l  yr 
1-2 yean 
2-5 y a m  
5-11 years 

All cell$ 

U s i y  adjusted E 
C? 1.05 5.67 5.98 7.34 2.64 39.17 
111 3 10 7 3 29 

Note: 100A:E i s  shown as italic if the actual number of deaths is less than 30. andp(+/-j are 
shown to 4 decimal plams iCless than 0.10 and as bold if less than 0.05. p(B) is shown as bold if less 
than 0.050. 
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Table A5.3. Females, individual policies, 1991-94, Standard experience, 
recoveries. 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

4 
F 

100AiE 
Durations: 

1-2 wccks 
2 ~ 3  weeks 
3 ~ 4  weeks 
4-8 weeks 
8-13 ueeks 
13-17 \reeks 
17-26 weeks 
26-30 w a k s  
30-39 ueeks 
39 rks-l yr 
L2 yeam 
2~11 years 

All cclla 96 59 54 46 42 71 

l J s q  adjusted F 
23' 40 65 29.49 27.28 21.51 18493 
<l/ 41 30 16 7 81 

Note: 100A:E is shown a? irnlic if the actual number of recoveries is less than 30. and p(+ / - )  
are shown to 4decimalplaces if less than 0.10 and as bold if less than 0.05. p(B) is shown as bold ifless 
than 0.050. 
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Table A5.4. Females. individual policies, 1991-94, Standard experience, 
deaths. 

A 
E 

I O W E  
Durations: 

1-17 weeks 
17-30 weeks 
30 wks-l yr 
1-2 years 
2-11 years 

Ages: 
19-34 
35-44 
45-49 
50-54 
55-64 

DP I DP 4 D P  13 DP 26 DP 52 All DP 

Note: 100A:E is shown as italic if the actual number of deaths i s  less than 30. p@) and p(+ / - )  arc 
shown to 4 decimal places if less than 0.10 and as bold if less than 0.05. p(B)  is shown as bold i f  less 
than 0.050. 



32 Sickness E.xperience 1991-94 for Individual PHI Policies 

Table A6.1. Males, individual policies. Standard* experience for the 
quadrennium 1991-94. Occupational class 1, 2, 3, 4, unknown and all 

combined. Deferred periods 1, 4, 13. 26 and 52 weeks. Ratios of actual claim 
inceptions to those expected using the C.M.I .R.  12 model parameterised 

using the males, individual policies, Standard experience for 1975-78. Also 
shown are l0OxA;E plus/minus two standard deviations. 

C.M.I. 
Deferred Occupational Inceptions IOOx(AIE-2xSD) l0OxAlE 
period Class 

- 
l Class I 

Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

4 Class I 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

13 Class 1 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

26 Class 1 
Class 2 
Class 3 
Class 4 
Class Unknown 
AU business 

52 Class I 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

Note: lO0xA:E figures and confidence intervals are omitted from the above tablc if rhe  number of 
actual inceptions is less than 10. 
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Table A6.2. Females, individual policies, Standard* experience for the 
quadrennium 1991-94. Occupational class 1, 2, 3, 4, unknown and all 

combined. Deferred periods l _  4, 13, 26 and 52 weeks. Ratios of actual claim 
inceptions to those expected using the C.M.I.R. 12 model parameterised 

using the males, individual policies, Standard experience for 1975-78. Also 
shown are 100xA/E plus/minus two standard deviations. 

C.M.I. 
Deferred Occupational Inceptions 100x(A:E-2xSD) I00xA:E 
Period Class 

1 Class I 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

4 Class I 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

13 Class I 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

26 Class 1 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

52 Class 1 
Class 2 
Class 3 
Class 4 
Class Unknown 
A11 business 

Note: IOOnAIE figures and confidence intervals are omitted from the above table if the number of 
actual inceptions is less than 10. 
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Table A7.1. Males, individual policies, Standard* experience for the 
quadrennium 1991-94. Deferred period 1 week. Occupational class 1, 2, 3, 4, 

unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model 

parameterised using the males, individual policies, Standard experience for 
1975-78. 

Table A7.la: Males. DP1, C.M.I. Class 1 

AGE GROUP AIKC 

18-24 19.0 
25-29 234.0 
30-34 858.0 
35-39 1,545.0 
40-44 2,310.0 
45-49 2,5650 
50-54 2.0130 
55-59 1,453.0 
60-64 908.0 

18-64 11.9050 

Total chi-squared 
Degrees of freedom 
Probability value 

EINC 100xAE Z EINC* 100xA/E* Z* 

44.3 43 -2.51 43.4 44 -2.45 
346.7 67 4.00 339.4 69 -3.78 
826.0 104 0.74 808.8 106 1.14 

1,398.4 110 2.59 1,369.2 113 3.14 
2,221.2 104 1.24 2.1748 106 1.92 
2.533.0 101 0.42 2,480.0 103 1.13 
1.949.2 103 0.95 1.9085 1 05 1.58 
1,609.0 90 -2.57 1,575.4 92 -2.04 
1.231.2 74 -6.09 1,205.4 75 5.66 

12.159.1 98 11,905.0 100 

75.8 75.1 
9 8 

0.0000 0.0000 

Table A7.le: Males, DP1, C.M.I. Class Unknown 

AGE GROUP AINC ElNC lO0xAiE 

18-24 0 0  0.0 I 
25-29 0.0 0.6 I 
30-34 0 0  3.7 I 
35-39 9.0 13.0 52 
40-44 23.0 35.7 64 
45-49 28.0 73.6 38 
50-54 45.0 111.9 40 
55-59 59.0 159.6 37 
60-64 27.0 116.7 23 

18-64 191.0 514.8 37 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A 7 . E  Males, DPl. All business 

AGE GROUP AThC FTNC 100x4:E Z EINC* 100xA:E" 2' 

18-24 19.0 44.3 
25-29 234.0 347.2 
30-34 858.0 829.7 
35-39 1,554.0 1.4ll.5 
40-44 2,333.0 2,256.9 
45-49 2,593.0 2,607.4 
50~54 2.058.0 2.061.7 
25-59 1.514.0 1.769.1 
60-64 935.0 1,348.4 

18-64 12.0980 12.676.3 

Tom1 chi-squared 
Degrees of freedom 
Probability value 

Note: Tables A7.lb. A7.k and A7.ld were omitted due to low data volume (actual inceptions being 
less lhan 10). 

Table A7.2. Males, individual policies, Standard* experience for the 
quadrennium 1991-94. Deferred period 4 weeks. Occupational class 1, 2_ 3, 4, 

unknowsn and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model 

parameterised using the males, individual policies, Standard experience for 
1975-76. 

Table A7.2a: Males, DP4, C.M.I. Class I 

AGE CROUP AINC 

60-64 198.0 

18-64 L6940 

Total chi-squared 
Degrees of freedom 
Probability value 

ElNC l00xAiE Z EINC* IOOxA:'E* Z* 

13.1 129 0.82 9.5 179 1.88 
107.2 89 -0.91 77.5 123 1.53 
127.3 82 1.60 92.1 113 0.95 
199.1 69 -3.34 144. l 96 -0.39 
308.4 71 -3.88 223.2 99 -0.16 
390.3 84 2 . 5 1  282.4 115 2.00 
348.4 80 -2.87 252.1 I l l  1.31 
423.5 75 -3.99 306.5 103 0.46 
423.7 47 -8.46 306.6 65 -4.79 

2J41.1 72 1.6940 100 

132.4 3S.8 
9 8 

0.0000 o.ooo0 
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Table A7.2b: Males, DP4. C.M.I. Class 2 

ACE GROUP AINC EINC l001A:E Z EINC* 100xA/E* %* 

Total chi-squared 
Degrees of freedom 
Probability value 

Table A 7 . 2 ~ :  Males, DP4, C.M.I. Class 3 

AGE CROUP AlNC ElNC 100xA:E 2 EINC* 100nA/E* Z* 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A7.2d: Males, DP4. C.M.I. Class 4 

ACE GROUP AlNC ElNC 100xA:E Z EINC* 100xA:E* Z* 

18-24 14.0 
25-29 46.0 
30-34 70.0 
35-39 71.0 
40-44 91.0 
45-49 55.0 
50-54 53.0 
55-59 34.0 
60-64 8.0 

18-64 442.0 

Total chi-squared 
Degrees of freedom 
Prohabiliry value 

Table A7.2e: Males. DP4, C.M.I. Class Unknown 

AGE GROUP AIM'  ElNC lO0xA:E Z EINC* 100xA:E* Z* 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A7.2f: Males. DP4, All business 

AGE GROUP AINC ElNC 100xA;E Z EINC* IOOxAiE* Z* 

18-24 154.0 
25-29 142.0 
30-34 530.0 
35-39 737.0 
40-44 848.0 
45-49 998.0 
50-54 803.0 
55-59 735.0 
60-64 366.0 

18-64 5,613.0 

Toml chi-squared 
Degrees of freedom 
Probability value 

Table A7.3. Males, individual policies, Standard* experience for the 
quadrennium 1991-94. Deferred period 13 weeks. Occupational class 1, 2, 3, 

4, unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model 

parameterised using the males, individual policies, Standard experience for 
1975-78. 

Table A7.3a: Males. DP13, C.M.I. Class 1 

AGE GROUP AlNC EINC l0OrAlE Z EINC* IOOrAIE* Z* 

18-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

18-64 

Total chl-squared 
Degrees of freedom 
Probability value 
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Table A7.3b: Males, DP13, C.M.I. Class 2 

AGE GROUP AlNC ElNC IOOnAlE Z EINC* 100xA/E* Z* 

18-24 0.0 0.3 
25-29 6.0 2.2 
30-34 16.0 5.5 
35-39 10.0 9.2 
40-44 12.0 13.2 
45-49 26.0 18.1 
50-54 35.0 15.9 
55-59 16.0 13.1 
60-64 5.0 6.7 

18-64 126.0 84.2 

Total chi-squared 
Dcgrces of freedom 
Probability d u e  

Table A7.3~: Males, DP13, C.M.I. Class 3 

AGE GROUP 41NC EINC IOOxA/E Z EIUC" 100nA/E* Z* 

Total chi-squared 
Degrees of freedom 
Pmbability value 
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Table A7.3d: Males, DP13, C.M.I. Class 4 

AGE GROUP AINC 

18-24 1 .O 
25-29 7.0 
30-34 7.0 
35-39 20.0 
40-44 26.0 
45-49 26.0 
50-54 18.0 
55-59 12.0 
60-64 3.0 

ETNC l00xAiE Z 

0.5 1 1 
2.3 1 1 
3.5 235 3.16 
4.5 I I 
6.5 417 9.74 
8.7 297 5.39 
7.4 243 3.59 
6.3 178 2.09 
2.1 t 

- 

ETNC* 100nA:E' Z* 

Total chi-squared 
Degrees of freedom 
Probability value 

Table A7.3e: Males. DP13, C.M.I. Class Unknown 

AGE GROUP AJKC ElNC Z ETNC* 100nA/Ea Z* 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A7.3f: Males. DP13. All business 

4GE GROUP AINC EJNC 100x.4iE Z H N C *  IOOxA:E* Z* 

35-39 252.0 
40-44 367.0 
45-49 534.0 
50-54 533.0 
55-59 496.0 
60-64 265.0 

18-64 2,721.0 

Total chi-squared 
Degrees of freedom 
Probability value 

Table A7.4. Males. individual policies, Standard* experience for the 
quadrennium 1991-94. Deferred period 26 weeks. Occupational class 1; 2, 3, 

4; unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model 

parameterised using the males, individual policies. Standard experience for 
1975-78. 

Table A7.4a: Males, DP26; C.M.I. Class 1 

AGE GROUP AINC 

18-24 3.0 
25-29 5.0 
30-34 11.0 
35-39 18.0 
40-44 50.0 
45-49 104.0 
50-54 122.0 
55-59 181.0 
60-64 129.0 

18-64 623.0 

Total chi-squared 
Dcgrees of freedom 
Probability value 

EINC 

0.4 
2.2 
6.6 

15.0 
33.7 
65.5 
80.9 

117.4 
120.1 

441.8 

EINC' l00xAIEL Z* 



42 Sickness Erperience 1991-94,for Individual PHI Policies 

Table A7.4b: Males, DP26, C.M.I. Class 2 

AGE GROUP AlNC ElNC 100xA:E Z EINC* IOOxAiE* Z* 

Toral chi-squared 
Degrees of freedom 
Probability value 

Table A7.4~: Males, DP26, C.M.I. Class 3 

AGE GROUP AINC ElNC 100xA:E Z EIhC* l00xA:E' Z* 

Total chi-squared 
Degrees of freedom 
Probability value 



Sicknes.~ Experience 1991-94 for Individual PHI Policies 43 

Table A7.4d: Males, DP26, C.M.I. Class 4 

AGE GROLP AINC EINC IOOxA/E Z EINC* IOOxA:E* Z' 

Total chi-squared 
Degrees of freedom 
Probability value 

Table A7.4e: Males, DP26. C.M.I. Class Unknown 

AGE GROUP AlNC EINC l0OnAlE Z EINCX 100xA/Ea Z* 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A7.4f: Males, DP26, All business 

AGE GROUP AINC EINC 100nA:E Z ETNC* 100rA/E* Z* 

30-34 29.0 
35-39 56.0 
40-44 129.0 
45-49 241.0 
50-54 313.0 
55-59 382.0 
60-64 245.0 

18-64 1,4150 

Total chi-squared 
Degrees af freedom 
Probability value 

Table A7.5. Males, individual policies. Standard* experience for the 
quadrennium 1991-94. Deferred period 52 weeks. Occupational class 1, 2, 3, 

4, unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model 

parameterised using the males. individual policies, Standard experience for 
1975-78. 

Table A7.5a: Males, DP52, C.M.I. Class 1 

AGE GROUP AINC ElNC I0OxA:E Z EINC* 100xA:E' Z* 

18-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

18-64 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A7.5b: Males, DP52, C.M.I. Class 2 

AGE GROUP AINC ElNC 100xA:E Z HNC* 

Total chi-squared 
Degrees of  freedom 
Probahililv value 

Table A7.5~: Males. DP52, C.M.I. Class 3 
p~ 

AGE GROUP AINC EINC IOOnA/E Z 

18-24 0.0 0 0  1 I 
25-29 0.0 0.0 I 1 
30-34 1.0 0.1 1 1 
35-39 7.0 0.1 1 I 
40-44 1.0 0.2 1 1 
45-49 4.0 0.4 1 
50-54 7.0 0.5 1 1 
55-59 0.0 0.5 1 1 
60-64 0.0 0.4 918 10.76 

EINC* 100nA:E* 2' 

Degrees of freedom 
Probabilitv value 
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Table A7.5e: Males, DP52, C.M.I. Class Unknown 

ACE GROUP AINC EINC IOOxA!E Z EINC* lOOnA/E* Z* 

Total chi-squared 
Degrccs af freedom 
Probability value 

Table A7.5f: Males, DP52. All business 
-- - - 

AGE GROUP AINC ElNC I0OxA:E Z EINC* 100xA:E' Z' 

Total chi-squared 
Degrees of freedom 
Probability value 

Note: Table A75d was omitted due to low data volumes (actual inceptions being less than 10) 
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Table A7.6. Females, individual policies, Standard* experience for the quad- 
rennium 1991-94. Deferred period 1 week. Occupational class 1.2. 3, 4, 
unknown and all combined. Comparison of actual claim inceptions by 

quinquennial age group to those expected using the C.M.I.R. 12 model para- 
meterised using the males, individual policies, Standard experience for 1975-78. 

Table A7.6a: Females, DPI, C.M.I. Class 1 

ACE GROUP AINC EINC 1001;A:E Z EINC* IOOxA:E* Z' 

18-24 21.0 
25-29 122.0 
30-34 132.0 
35-39 178.0 
4 - 4 4  234.0 
45-49 239.0 
50-54 191.0 
55-59 1090 
60-64 40.0 

18-64 1.2660 

Total chl-squared 
Degrces of freedom 
Probability value 

Table A7.6f: Females, DPI, All business 

AGE GROUP AIhC EINC 100xA:E Z EINC* lOOxA:E* Z* 

30-34 132.0 
35-39 180.0 
40-44 234.0 
45-49 242.0 
50-54 193.0 
55-59 110.0 
60-64 40.0 

18-64 1,2750 

Total chi-squared 
Degrees of freedom 
Probability value 

Note: Tables A76b. A7 .6~ .  A76d and A76e werc omitted d m  to low data volumes (actual incep- 
tions being less than 10). 
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Table A7.7. Females; individual policies, Standard* experience for the 
quadrennium 1991-94. Deferred period 4 weeks. Occupational class 1, 2, 3. 4, 

unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model 

parameterised using the males, individual policies, Standard experience for 
1975-78. 

Table A7.7a: Females, DP4, C.M.I. Class 1 

AGE GROUP AINC ElNC IOOxAE Z EINC* 100xA:E* Z* 

18-24 22.0 
25-29 72.0 
30-34 77.0 
35-39 h00 
40-44 81.0 
45-49 80.0 
50-54 53.0 
55-59 42.0 
60-64 4.0 

18-64 491 .0 

Total chi-aquared 
Degrees of freedom 
Probability value 

Table A7.7b: Females, DP4, C.M.I. Class 2 

AGE GROUP AINC ElNC l00nAE Z EINC* 100xA/E* Z* 

18-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

18-64 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A7.7~:  Females, DP4, C.M.I. Class 3 

AGE GROUP AINC EINC 100nA:E Z EINC* l00nA:E* Z* 

Total chi-squared 
Degrees of freedom 
Probability value 

Table A7.7e: Females, DP4. C.M.I. Class Unknown 

AGE GROUP AlNC EINC l00nAlE Z E I Y P  100nA/E* Z* 

18-24 14.0 7.2 195 
25-29 24.0 16.3 147 
30-34 30.0 18.7 161 
35-39 38.0 25.3 l50 
40-44 45.0 33.0 136 
45-49 34.0 30.3 112 
50~54 31.0 19.2 162 
55-59 10.0 11.3 86 
60-64 1.0 1.5 T 

18-64 227.0 162.8 139 

Total chi-squared 
Degrees of freedom 
Probability value 



50 Sickness Experience 1991-94 for Individual PHI Policies 

Table A7.7f: Females, DP4, All business 

AGE GROUP ATNC EINC l00xAiE 

40-44 
45-49 
50-54 
55-59 
60-64 

18-64 

Total chi-squared 
Degrees of freedom 
Probability value 

Z EINC* 100nA/E' Z* 

3.31 31.2 132 1.36 
0.74 148.8 75 -2.39 

Note: Table A7.7d was omitted due to low data volumes (actual inception? being less than 10). 

Table A7.8. Females, individual policies, Standard* experience for the quad- 
reunium 1991-94. Deferred period 13 weeks. Occupational class l _  2, 3, 4_ 

unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model para- 

meterised using the males, individual policies, Standard experience for 1975-78. 

Table A7.8a: Females, DP13, C.M.I. Class 1 

AGE GROUP AINC EINC 

18-24 2.0 0.8 
25-29 19.0 4.5 

40-44 34.0 16.5 
45-49 26.0 16.3 
50-54 21.0 12.8 
55-59 17.0 9.3 
60-64 2.0 3 0 

18-64 172.0 85.8 

Total chi-squared 
Degrees of freedom 
Probability value 

IOOxA/E Z EINC* 
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Table A7.8b: Females, DP13, C.M.I. Class 2 

ACE GROUP AINC EINC 100xA/E Z EINC* 100xA:E" Z* 

I 1 0.8 I 18-24 1 .0 0.3 i 

25-29 4.0 1.0 L 1 3.0 I 1 
30-34 6.0 1.2 1 I 3.7 145 1.15 
35-39 4.0 1.6 1 I 5.0 81 - 0.40 
40-44 8.0 1.8 388 6.48 5.6 142 0.91 
45.49 4.0 2.2 I i 6.9 58 -1.02 
50-54 6.0 1.9 1 L 5.9 81 -0.57 
55-59 2.0 1.1 219 2.57 3.2 T 1 
60-64 0.0 0.3 T T 0.8 T T 

18-64 35.0 11.4 306 35.0 100 

Total chi-squared 48.6 3.7 
Degrees of freedom 2 4 
Probability value 00000 0.45 

Table A7.8e: Females. DP13. C.M.I. Class Unknown 

AGE GROUP ATNC EINC lOOxA/E Z EINC* IOOxA/Ea Z* 

18-24 5.0 1.8 L 1 3.3 1 I 
25-29 10.0 5.3 211 2.73 9.7 115 0.51 
30-34 19.0 7.8 243 3.69 14.3 133 1.14 
35-39 30.0 11.5 262 5.06 21.0 143 1.82 
40-44 26.0 17.2 151 1.96 31.5 83 -0.91 
45-49 41.0 22.5 183 3.62 411 100 -0.02 
50-54 25.0 16.9 148 1.82 30.9 81 -0.98 
55-59 20.0 11.3 154 1.89 20.7 96 -0.15 
60-h4 2.0 3.0 1 T 5.4 37 1 . 3 5  

18-64 178.0 97.2 183 178.0 100 

Total chi-squared 70.5 8.5 
Degrees of frndom 7 7 
Probability value 0.0000 0.29 
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Table A7.8f: Females, DP13, All business 

AGE GROUP AlNC ElNC 100xA!E Z EINC* 100nA:E' Z* 

15-49 72.0 41.4 174 4.39 82.1 88 -1.03 
50-54 53.0 32.0 l66 3.43 63.5 X4 --1.21 
55-59 39.0 21.9 178 3.37 43.5 90 -0.62 
60-64 4.0 6.3 64 -0.83 12.4 32 -2.20 

18-64 390.0 196.8 198 390.0 100 

Total chi-squared 209.2 23.8 
Degrees of freedom 8 8 
Problrbility value 0.0000 0.0025 

Uote: Tables A 7 . 8 ~  and A7Xd were omitted due to low data volumes (actual inceptions being less 
than 10). 

Table A7.9. Females, individual policies, Standard" experience for the quad- 
rennium 1991-94. Deferred period 26 weeks. Occupational class 1, 2, 3 , 4 ,  

unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model para- 

meterised using the males, individual policies, Standard experience for 1975-78. 

Table A7.9a: Females, DP26, C.M.I. Class l 
~ ~- ~p ~-~ 

AGE GROUP AlNC ElNC 100xA:E Z EINC* IOOxAiE* Z* 

18-24 
25-29 
30-34 
35-39 
40-44 
45-49 
10-54 
55-59 
60-64 

18-64 

Total chi-squared 
Degrees of freedom 
Probability value 
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Table A7.9b: Fe~nales, DP26. C.M.I. Class 2 

AGE GROUP AINC 

18-24 0.0 
25-29 2.0 
30-34 1.0 
35-39 2.0 
40-44 4.0 
45-49 7.0 
50-54 3.0 
55-59 2.0 
60-64 0.0 

Total &-squared 
Degrees of freedom 
Probability value 

EINC 100xA:E Z EINC* 

Table A7.9e: Females, DP26, C.M.I. Class Unknown 

4 G E  GROUP AINC EINC lOOxA/E Z 

18-24 2.0 0.2 1 1 
25-29 8.0 1.0 l l 

Total &-squared 
Degrees of frcedom 
Probability value 

EINC" 

1 .o 
4.6 
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Table A7.9f: Females, DP26. All business 

AGE GROUP AINC ElNC 100xA:E Z ETNC* 100nA/E* Z* 

18-24 4.0 0.7 I I 
25-29 20.0 2.9 I 1 
30-34 30.0 4.8 639 13.96 
35-39 44.0 7.4 595 12.00 
40-44 54.0 11.7 460 10.99 
45-49 67.0 16.7 402 10.98 
50-54 83.0 17.3 481 14.09 
55-59 54.0 16.7 323 8 1 3  
60-64 9.0 6.7 134 0.78 

18-64 365.0 84.9 430 

Total chi-squared 845.4 
Degrees of freedom 7 
Pmhability value 0.0000 

Note: Tables A7 .9~  and A7.9d were omitted due to low data wlurnes (actual inceptions being less 
than 10). 

Table A7.10. Females, individual policies, Standard* experience for the quad- 
rennium 1991-94. Deferred period 52 weeks. Occupational class 1, 2, 3,4, 

unknown and all combined. Comparison of actual claim inceptions by 
quinquennial age group to those expected using the C.M.I.R. 12 model para- 

meterised using the males, individual policies. Standard experience for 1975.78. 

Table A7.10a: Females, DP52, C.M.I. Class 1 

AGE GROUP AINC H N C  l00xAE Z EINC* 100ui/E* Z* 

18-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

18-63 

Total chi-squared 
Degrees of frcedom 
Probability value 
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Table A7.10e: Females, DP52, C.M.I. Class Unknown 

AGE GROUP AIhC EINC l0OxA:E Z EINC* 100nA:E* Z* 

Total chi-squared 
Degrees of freedom 
Probability value 

Table A7.10f: Females, DP52, All business 

AGE GROUP AlNC EINC I00rA:E Z EINC* 100nA:E' 2' 

Total chi-squared 
Degrees of frccdom 
Probability value 

Note : Tables A7.10b. A7.10~ and A7.10d were omiited due to low data volumes (actual inceptions 
being less than 10). 
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Table AS. Summary of termination experience for individual PHI claims 
1991-94. Standard* experience. Occupational class 1, 2_ 3, 4, unknown and all 

combined. 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

(a) Males, recoverres 
Class I 100 61 49 43 31 82 
Class 2 48 53 55 48 53 
Class 3 36 54 55 36 53 
Class 4 55 52 57 54 
Class Unknown 58 68 59 103 64 
All busmess 98 56 56 48 49 69 

(b) Females, recoveries 
Class I 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

(c) Males, deaths 
Class L 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

(d) Females, deaths 
Class 1 
Class 2 
Class 3 
Class 4 
Class Unknown 
All business 

Note: 
llaiic if acrual numbers of recoveries or deaths is less than 30. 
Not shown if actual numbers of recoveries or deaths is less than 10. 
Bold if eitherp(-I-) orp(B) < 0.025 for adjusted E .  
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Table A9.1. Males, individual volicies. 1991-94, Standard* experience, 
recoveries. Occupational class = C.M.I. Class I 

A 
E 

100A:E 
Uuratianr: 

1-2 weeks 
2-3 weeks 
3-4 weeks 
4-8 weeks 
8-13 weeks 
13-17 weeks 
17-26 weeks 
26-30 weeks 
30-39 weks  
39 wks-l yr  
1-2 years 
2 ~ 5  years 
5-1 1 years 

UP 13 DP 26 UP 52 All UP 

All cclls 100 61 49 43 31 82 

Using E 
C*' 458.87 332.54 176.55 113.31 3518 1081.90 
d/  75 61 39 22 6 101 
pix2)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
X + / - )  19/56 3/58 1/38 0122 0:6 18/83 
P(+/-) 0.0000 0.0000 0.0000 0.0000 0.0313 0.0000 
~ ( 8 )  0.000 0.054 1.0 l .O 1 .0 0.000 

Using adjusted E 
458.93 45.91 12.39 6.05 - 1,021.70 

df 74 51 23 I1 98 
P(& 0.0000 0.68 0.96 0.87 - 0.0000 
#(+i-) 19/56 24/28 13111 5,17 28,171 
P(+!-) 0.0000 0.68 0.84 0.77 0.0000 
d B )  0.000 0.625 0.688 0.748 0.000 . . 

Note: IOOAIE is shown as iralic if the actual number of recoveries is less than 30. p k 3  a n d p ( + / - )  
are shown to 4decimalplacesifless thanO.10 and as boldif less than 0.05, p(B) is shown as bold ifless 
than 0.050. 
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Table A9.2. Males, individual policies, 1991-94, Standard* experience, 
recoveries. Occupational class = C.M.I. Class 2. 

~~ 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

lWA/E 
Durations: 

1-4 weeks 62 
4-8 weeks 
8-13 weeks 

L 
13-17 weeks 

I 
17-26 weeks 

I 
26-30 weeks 

I 
30-39 weeks 

I 
39 wks-l yr 

1 

1-2 years 
l 

2-11 yean 
1 

31 

Ages: 
19-24 

All cells 48 53 55 48 50 53 

Using E 
~2 9.95 218.92 65.54 19.20 1.50 293.20 
& 2 40 21 6 I 56 
Ax2) 0 . W 9  0.0000 O.WO0 0.0038 0.22 0.0000 
K+/-) 012 4/36 3/18 0:6 0; l 2/54 
P(+/-) 0.50 0.n000 0.0015 0.0313 1.0 0.WW 
AB) 1.0 0.108 0.217 1.0 1.0 0.169 

Usmg adjusted E 
L 2  44.59 7.31 60.63 

Note: IOOA/E is shown as italic if the actual number of recoveries is less than 30.p(x2) and p(+/-) 
are shown to 4 decimal places if less than 0.10 and as bold if less than 0 0 5 p ( B )  is shown as bold if less 
than 0.050. 
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Table A9.3. Males, individual policies, 1991-94, Standard* experience, 
recoveries. Occupational class = C.M.I. Class 3. 

l00A:E 
Durations: 

1-4 weeks 
4-8 weeks 
8-13 weeks 
13-17 weeks 
17-26 weeks 
26-30 weeks 
30-39 weeks 
39 wks-l yr 
1-2 yean 
2-11 yeara 

DP I D P  4 DP 13 DP 26 DP 52 All DP 

Ages: 
18-24 
25-29 

All cells 36 54 55 M 33 53 

Using E 
Zz2 32.10 494.97 97.62 25.52 7.45 639.37 
df 6 61 29 5 1.0 l 1  
n(a2) o.oooo 0 . 0 ~ 4  o.mo 0.0001 0.0063 o.oo00 
W - )  0;6 4/57 2/27 0:5 Oil 1/10 
P W - )  0.0313 0 . 0 ~ 0  o.0000 0.0625 1.0 o.oo00 
10) 1.0 0.063 0.667 1 .0 1.0 0.108 

Using adjusted E 
E 2  86.86 25.79 - 104.24 

Note: IOOAIE is shown as iralic if the actual number of recoveries is less than 30. and p(+/-) 
are shown to 4 decimal placesirless thanO.10 and as boldif less thanO.OS.p(B) is shown as bold ifless 
than 0.050 
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Table A9.4. Males. individual policies, 1991-94, Standard* experience, 
recoveries. Occupational class = C.M.I. Class 4. 

IOOA/E 
Durations: 

1-8 wecka 
8-13 weeks 
13-17 weeks 
17-26 weeks 
26-30 u,eeks 
30-39 weeks 
39 wks-l gr 
1-2 years 
2-11 gears 

Ages: 
19-24 
25-29 
30-34 
35-39 
40~44 
45-49 
50-54 
55-59 
60-64 

DP I DP 4 DP 13 DP 26 UP L2 All DP 

All cells 40 55 52 57 108 54 

Using E 
c2 

Using adjusted E 
X.' 47.56 21 72 49.04 

Note: lO0AiE is shown as irrrlic if the actual number of recaverics is less than 30. and p ( + / - )  
are shown to4decimal places if less than010 and as bold if less than0.05.p(B)is shown as bold if less 
than 0.050. 
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Table A9.5. Males, individual policies, 1991-94, Standard* experience, 
recoveries. Occupational class = Unknown. 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

R 
E 

IOOA/E 
Duralions: 

1-8 weeks 
8-13 weeks 
13-17 wccks 
17-26 weeks 
26-30 weeks 
30-39 weeks 
39 wks-l yr 
1-2 years 
2-5 years 
5-1 l years 

Ags:  
18-21 
25-29 
30-34 
35-39 
4 - 4 4  
45-49 
50~54 
55-59 
60-64 
65-65 

All cells 45 58 68 59 103 64 

Using E 
~2 5.40 90.70 105.08 41.20 000  229.13 
df I 26 40 14 1 64 
P@) 0.0201 0.0000 0.0000 0.0002 0.96 0.0000 
#(+I-) 011 2/24 8/32 2/12 110 8/56 
~(+i-1 1.0 0.0000 0.m2 0.0129 1.0 0.0000 
P@) 1 .O 0.144 0.259 0.133 1.0 0.002 

Using adjusted E 
X 2  29.39 58.26 27.45 - 100.94 

hote:  100.4:E is shown as italic if the actual number of recoveries is less than 30. p(X') and,,(+/-) 
are shown to 4 decimal placzsifless than 0.10 and as boldif less than 0.05.p(B) is shown as boldifless 
than 0050. 
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Table A9.6. Males, individual poliaes. 1991-94, Standard* experience, 
recoveries. Occupational class = All classes. 

IOOAiE 
Duiations: 

1-2 weeks 
2-3 weeks 
3-4 necks 
4-8 aecks 
8-13 weeks 
13-17 wecks 
17~26 weeks 
26-30 weeks 
30-39 weeks 
39 wks-l yr 
1-2 years 
2-5 years 
5-1 l years 

Ages: 
18-24 
25-29 
30-34 
35-39 
4044 
45-49 

DP I DP 4 DP 13 D P  26 DP 52 All DP 

Csing adjusted E 
~2 477.90 115.73 86.14 35.21 2.58 1,53592 

Kote: 100A:E is shown as irnlic if the actual number of recoveries is less than 30, p(*') and p(+/-) 
are shown to 4dedrnal places if less than 0.10 and as bold ifless than 0.05.p(B) is shown as bold if less 
than 0.050. 
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Table A1O.l. Females, individual policies, 1991 -94, Standard* experience, 
recoveries. Occupational class = C.M.I. Class 1 

A 
E 

l00A/E 
Durations: 

1-2 wmks 
2-3 weeks 
3-4 weeks 
4-8 weeks 
8-13 uecks 
13-17 weeks 
17-26 weeks 
26-30 weeks 
30-39 weeks 
39 wks-l yr 
1-2 gears 
2 ~ 1  l years 

DP I D1' 4 DP L3 DP 26 DP 52 All D P  

Using adjuslcd E 
xz2  12.52 26.25 1100 9.22 - 17914 
# 41 28 10 4 76 
P(*') 0.41 0.56 0.36 0.0558 - 0.0000 
#(+!-l 20:22 16/13 6'5 2/3 34/43 
P(-!-) 0.88 0.71 1 0  l 0  0.36 
p(B) 0.313 0.317 0.189 0.872 0.000 

Note: IOOA/E is shown as irdic if the actual number of recoveries is less than 30. p(x2)  andp(+i-) 
are shown m 4 decimal plnces if less than 0.10 and as bold if icss than 0.05. p(B) is shown as bold if less 
than 0.050. 
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Table A10.2. Females, individual policies, 1991-94, Standard* experience. 
recoveries. Occupational class = C.M.I. Class 2. 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

~urations:  
L8 wceks 
8-13 u,aks 
13-17 weeks 
17-26 weeks 
26-30 w e k s  
30-39 weeks 
39 wks-l yr 
1-2 yeara 
2~11 gears 

All cells 38 48 

9.43 
2 

0.0090 
l,? 
1.0 

0.756 

Note: 100A:E i s  shown as italic if the actual number of recorenes is less than 30. p(y2) andp(+/-) 
are shown to 4decimal places ifless than0.10 and as boldif less than 0.05.p(B) is shown as boldif less 
than 0.050. 
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Table A10.3. Females, individual policies, 1991-94, Standard* experience, 
recoveries. Occupational class = C.M.I. Class 3. 

A 
E 

1004/E 
Durations: 

1-8 weeks 20 

All cells 56 47 

DP 52 All DP 

hote :  100AE is shown as Uuiic if the actual number of  recoveries is less than 30. p(x2)  and p ( + / - )  
are shown to 4 decimal places ifless than 0.10 and as boldif less than O.Oj.p(B) is shown as bold ifless 
than 0.050 
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Table A 1 0 5  Females, individual policies, 1991-94, Standard* experience, 
recoveries. Occupational class = Unknown. 

DP I DP 4 DP 13 DP 26 DP 52 A l l  DP 

A 2 16 62 25 X 113 
E 1.8 27.3 91.5 38.4 8.8 167.8 

l00A lE  
Durations: 

1-13 weeks I I 39 
13-17 weeks I I I S7 
17-30 weeks I I 37 I 38 
30-35 weeks I I 1 I 39 
35 wks-l yr 1 I 76 36 M 
1-2 years 1 I I 1 I 101 
2-11 years I12 59 152 I06 91 IS3 

A i l  cells l12 S9 68 65 91 67 

Using E 
C=' 0.W 4.28 27.48 8.22 0.01 38.80 
df I I 6 3 I 14 
P(x') 0.0n00 0.0386 0.0001 0.0417 0.92 0.0004 
K+/-) 1 /0 0: I 214 1:2 0: l 2/12 
pi+/-) 1.0 1.0 0.69 I 0  1.0 0.0129 
P i 4  1 .0 1 .0 0.205 0.673 1 .O 0.348 

Using adjusted E 
C 2  22.49 28.50 

I\.tlr. Il,u,\ li I\ .".)an .I, ir.,.,, 11 thc .~;ru.~.  numhcr ot rl...n,.cr* 1 ;  l c r i  th.tn ?I p \ ,  ' r  ,~o,l ,~t 
.,re ,honn 1.34 .Ici~rrt.tl plr;cr .I l:.* 111.11141 l11.111.1 .%r hold II It,.> ~h ~n 11 15 p481 I \  h , u n  ar  hold 11 lc r \  
than 0.050. 
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Table A10.6. Females, individual policies, 1991-94, Standard* experience, 
recoveries. Occupational class = All classes. 

A 
,E 

lOOA/E 
Durations: 

1-2 weeks 
2 ~ 3  weekr 
3-4 weeks 
4-8 weeks 
8-13 weeks 
13-17 weeks 
17-26 weeks 
26-30 weeks 
30-39 weeks 
39 aks-l  yr 
1-2 years 
2-5 years 
5-1 1 years 

Ages: 
18-24 
25~29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

All cells 

Using L: 
x2 

Using adjusted E 
CZ' 39.52 49.41 

All DP 

1,866 
2,79410 

101 
104 
97 
54 
58 
57 
54 
55 
45 
65 
62 
68 

I46 

59 
53 
59 
68 
72 
71 
75 
72 

127 

67 

459.15 
88 

0 . m  
13/75 

0 . m  
0.000 

228.51 
82 

O . m  
4 / 4 3  

0.83 
0 . w  

Note: IOOAiE is shown as italic if the actual number of recoveries i s  less than 30. p(?) andp(+/-) 
are s h o w  ro 4 decimal place3 if less than 0.1 Oand as bold if less than fl.OS.p(B)is shown as bold if less 
than 0.050. 

Table A 1 0 4  was omitted due to low data volumes (actual recoveries being less than 10). 
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Table A1 1 1. Males. individual policies. 1991-94. Standard* experience. 
deaths. Occupational class = C.M.I. Class l .  

1004/E 
Durati""~: 

1-8 weeks 
8-13 weeks 
13-17 weeks 
17-26 weeks 
26-30 weeks 
30-39 weeks 
39 wks-l yr 
1-2 years 
2-5 years 
5-1 l years 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

All cells 48 58 80 61 86 63 

Using adjusted E 
C; 1.08 10.21 4.25 13.71 34.70 

Note: lOOA/E is shown as italic if the actual number of deaths is less than 3 0 . p ( ~ ?  and,>(+/-) are 
shown to 4 decimal places ifless than 0.10 and as bold if less than 0.05. p(B) is shown as bold if less 
than 0.050. 
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Table A1 1.2. Males, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = C.M.T. Class 2. 

DP I DP 4 DP 13 DP 26 DP 52 All D P  

Durations: 
1-17 weeks 
17~30 weeks 
30 wks-l gr 
1-2 years 
2-1 L years 

Ages 
19-39 I 1 1 1 23 
40-44 I 30 I L L 1 
45-49 1 L 67 1 1 70 
50-54 L L I 1 43 
55-64 50 79 36 L 28 L 
65-65 35 50 

Ail cells 

Using E 
c2 

P- 

Notc: IOOA/E is shown as irulic if the actual number of deaths is less than 30, and!(+/-) are 
shown to 4 decimal places if less than 0.10 and as bold if less than 0.05, p(B)  is shown as bold if less 
than 0.050. 
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Table A1 1.3. Males, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = C.M.I. Class 3. 

l00AlE 
Durations: 

1-17 weeks 
17-30 weeks 

1 

30-39 weeks 
1 
I 

39 wks-l yr I 
1-2 years 
2-1 l years 45 

Ages: 
18-34 
35-39 
40-44 
45-49 

I 
l 

All cells 

Using adjusted E 
C? 

Note: IOOAE is shown as iroiic if the actual number of deaths is less than 30. p(X2) andp(+/-) are 
shown to 4 decimal places if less than 0.10 and as bold if less than 0.05. p(@ is shown as bold if less 
than 0.050. 
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Table AI  1.4. Males, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = C.M.I. Class 4. 

A 
E 

100A:E 
Durations: 

1-17 weeks 
17-30 weeks 
30 wks-l yr 
1-2 gears 
2-1 I years 

DP l DP 4 DP 13 D1' 26 DP 52 All DP 

All cells 

Using adjusted E 
X 2  
df 
pix2i 
#(+I-) 
pi-/-) 
P(@ 

Note: IOOAIE is shown as italic if the actual number of deaths is less than 30. p(x2) andp(+/-) are 
shown to 4 decimal places ifless &an 0.10 and as bold if less than 0.05. p(B) is shown as bold if less 
than 0.050. 
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Table A1 1.5. Males, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = Unknown. 

DP I DP 4 D Y  13 DP 26 UP 52 All DP 

39 wks-l yr  
1-2 years 
2-5 years 
5-1 1 years 

Age,: 
18-19 
40-44 
45-49 
50-54 
55-59 
60-64 
65-65 

All celli 73 64 75 89 70 

Using E 
c2 

Using adjusted E 
cz2 

Notc: IOOAIE is shown as italic if the actual number of deaths is less than 30, p(x2) and p( - / - )  are 
shown to 4 decimal places if less than 0.10 and as bold if less than 0.05. p(B) is shown as bold if less 
than 0.050 
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Table A1 1.6. Males, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = All classes. 

R 
E 

l00A/E 
Duratinns: 

1-8 weeks 
8-13 weeks 
13-17 weeks 
17-26 weeks 
26-30 weeks 
30-39 weeks 
39 wks-l gr 
L2 years 
2-5 years 
5-11 years 

Using adjusted E 
CZ' 5.54 26.31 1513 8.29 255 58.18 
df 4 14 17 8 3 38 
~ ( 1 3  0.24 0.0236 059 0.41 0.47 0.0191 
#(+/-l 213 718 8/10 4;s 21? 17/22 
P(+/-) 1.0 1.0 0.81 1.0 1.0 0.52 
P(B) 0.913 0.421 0.404 0.764 0.880 0.119 

Note: IOOAE is shown as italic if the actual number of deaths is less than 30. ~ 3 ( ~ 3  and p(+/-) are 
shown to 4 decimal places if less than 0.10 and as bold if less than 0.05. p(B) is shown as bold if less 
than 0.050. 
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Table A12.1. Females, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = C.M.I. Class 1. 

DP I DP 4 DP 13 UP 26 DP 52 All DP 

A 3 8 12 19 4 46 
E 11.8 29.9 24.1 29.4 8.7 104.0 

IOOA/E 
Durationn: 

1-30 weeks I I 1 22 
30 wks-l yr 1 I 1 I 57 
1-2 years 1 I I I 1 70 
2-1 1 years 25 27 50 65 46 41 

Aecs: 

All cells 

Using E 
~2 

Using adjusted E 
zz2 

Note: IOOA!E is shown as ilalic if the actual numher of deaths is less than 30.p(x2) andp(+/-) are 
shown to 4 decimal places if less than 0.10 and as bold if less than 0.05. p(B) is shown as bold if less 
than 0.050. 
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Table A12.5. Females, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = Unknown. 

Ages: 
20-59 
60~62 

A l l  cells 61 54 77 86 68 

Usmg E 
X 2  0.00 001 1.53 0.21 0.00 2.01 
df l L 1 l l l 
p(x2) 0.WOO 0.91 0.22 0.65 0.0000 0.16 
H+!-) 0:1 011 011 0: 1 0: l 0:1 
p(+/-) 1 .0 1.0 1.0 1.0 1.0 1.0 

1 .0 1.0 1.0 1.0 1.0 1.0 

Using adjusted E 
xi2 
dJ 
P&') 
S(+/-) 
P(T/-) 
P@) 

Note: 100A;E is shown as italic if the actual number of deaths is less than 30. h') andp(+/-) are 
shown to 4 decimal places if less than 0.10 and as bdd if less than 0.05 p(B) is shown as bold if less 
than OOSO. 
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Table A12.6. Females, individual policies, 1991-94, Standard* experience, 
deaths. Occupational class = All classes. 

1OOA:E 
Durations: 

1-13 weeks 
13-26 weeks 
26-39 weeks 
39 wks-l yr 
1-2 years 
2-5 years 
5-11 years 

DP I DP 4 DP L3 DP 26 DP 52 All DP 

Ages: 
18-34 1 l I I l 20 
38-39 1 6 I 1 1 56 
40-44 1 I 39 79 1 45 
45-49 I 1 I 1 1 61 
50-54 I 1 1 1 1 44 
58-64 25 39 51 57 47 39 

All cells 23 27 45 65 47 

Using E 

Note: 100A:E is shown as iraiic if the actual number of deaths is less than 30, and p(+/-) are 
shown to 4 decimal places if less rhan 0.10 and as bold if less than 0.05, p(B) is shown as bold if less 
than 0.050. 

Tables A12.2, A12.3 and A12.4 were omitted due to low data volumes (actual recoveries being less 
than 10). 
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Deferred Period 

Note: Results are omitted from the above figure if based on less than 10 actual inceptions 

Figure Al.1. Males, individual policies, Standard inception experience for the quadrennia 1975-78, 1979-82, 1983-86, 1987-90 3 
and 1991-94. Graphical presentation of Table Al. l .  
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Note: Results are omitted from the above figure it based on less than 10 actual inceptions. 

Figure AI 2 .  Females, individual policies, Standard inception experience for the quadrennia 1975-78, 1979-82, 1983-86. 1987-90 
and 1991-94. Graphical presentation of Table A3.2. 
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Note: Results ate omitted from the above figure it based an less than 10 actual recoveries 

FigureA2.1. Individual males, recoveries, quadrennia 1975-78,1979-82, 1983-86.1987-90 and 1991-94. 100A/Eand conlidence 2 
intervals. Compare with Table A4. 
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Note Results are om~tted from the above flgure if  based on less than 10 actual recovertes 

Figure A 2 2  Individual females, recoveries, quadrennia 1975-78, 1979-82, 1983-86, 1987-90 and 1991-94. 100 A/E and confi- 
dence intervals. Compare with Table A4. 
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Note: Results are omitted from the above figure i f  based on less than 10 actual deaths. 

Figure A2.3. Individual males, deaths, quadrennia 1975-78, 1979-82, 1983-86, 1987-90 and 1991-94. 100 A/E and confidence 2 
intervals. Compare with Tahle A4. 
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Note: Results are omitted from the above figure if based on less than 10 actual deaths 

Figure A2.4. Indlv~dual females, deaths, quadrennia 1975-78, 1979-82, 1983-86, 1987-90 and 199 1-94, 100 A/E and confidence 
intervals Compare with Table A4. 
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Note: Results are omitted from the above figure if based an less than 10 actual inceptions 
CO 

Figure A3.1. Malcs, individual policies, Standard* inception experience for the quadrennium 1991-94. C.M.I. occupational W 

class 1, 2, 3. 4, unknown and all combined. Graphical presentation of Table A6.l 



Note: Results are omitted from the above figure if based on less than 10 actual inceptions. 

Figure A 3 2  Females, individual policies, Standard* inception experience for the quadrennium 1991-94. C.M.I. occupational 
class 1,  2, 3, 4, unknown and all cornbincd. Graphical presentation of Table A6.2. 
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Note: Results are omitted from the above figure if based on less than 10 actual recoveries. 

Figure A4.1, Individual males, recoveries, quadrcnnium 1991-94. C.M.I. occupational class 1 ,  2, 3, 4, unknown and all corn- c 
bined. 100 /\/E and confidence intervals. Compare with Table A8(a). 
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Figure A4.2. Individual fcmalcs, recoveries, quadrennium 1991-94. C.M.1, occupational class 1,2, 3, 4, unknown and all com- 
bined. 100 A/E and conlidencc intcrvals. Compare with Table A8(b). 
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Figure A4.3. Individual males, deaths, quadrennium 1991-94. C.M.I. occupatio~~al class 1. 2, 3.4, unknown and all combined. m 
4 

100 A/E and confidence intervals. Compare with Table A8(c). 
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Note: Results are omitted from the above figure i f  based on less than 10 actual deaths. 

Figure A4.4. Individual females, deaths, quadrennium 1991-94. C.M.I. occupational class 1 ,  2, 3, 4, unknown and all com- 
bincd. 100 A/E and confidence intervals. Compare with Table A8(d). 
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S I C K N E S S  T E R M I N A T I O N  E X P E R I E N C E  1 9 9 1 - 9 4  
F O R  G R O U P  P H I  P O L I C I E S  

K E Y W O R D S  

Group PHI; Terminations: Recoveries; Deaths 

E X E C U T I V E  S L M M A R Y  

This report presents the results of an analysis of the claims experience for group 
PHI policies for the quadrennium 1991-94. The analysis is based on the math- 
ematical model Tor the analysis of PHI data described in C.M.I.R. 12 (1991). 
The method of analysis for claim terminations is that described in a report in 
C.M.1.R. 15 (1996). 

The key points arising from the analysis are described below. 

The overall volume of claims data submitted to the group PHI investigation 
increased by some 10% from the volume in the previous quadrennium, 1987- 
90. However, a greater proportion could not be included in the Standard 
subset and the number of analysed events, recoveries and deaths, was some 
5% lower than the previous quadrennium. 

0 Volumes of both individually costed (where in force data is collected) and 
occupationally coded data were small for the quadrennium and it was 
decided that no meaningful publication of inception rates or analysis by 
occupational class could be made. 

The individually costed and unit costed claims were combined to produce the 
analysis of termination experience contained in this paper. 

0 The bulk of the data relates to the 26 week deferred period (DP26). There is a 
reasonable volume of data for DP13 and DP52 but a negligible amount for 
the shorter deferred periods, DP1 and DP4. 

m Overall male recovery rates for the quadrennium are at virtually the same 
level as the previous quadrennium, some 69% of those expected on the 
basis of SM1975-78. 
Overall female recovery rates have increased from 67% of those expected on 
the basis of SM1975-78 for the previous quadrennium to 80% for 1991-94. 

0 Both males and females show similar patterns for AIE recoveries to vary with 
sickness duration. Values of AIE decrease as sickness duration increases, 
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reaching a minimum in the second six months of sickness before increasing 
with sickness duration. A smilar pattern has been observed for individual 
PHI business in recent quadrennia. 

Male and female death rates have increased since the previous quadrennium. 

1. I N T R O D U C T I O N  

Six reports have been published to date covering the sickness experience for 
group PHI policies. 

The first report, published in C.M.I.R. 5, 51 (1981) described the experience 
of 1973-76 and compared actual weeks of sickness with those expected on the 
basis of the Manchester Unity A.H.J. table. Inception rates for quinquennial 
age groups were also tabulated. 

The second report, C.M.I.R. 8, R9 (1986) described the experience of 1975-78. 
The main basis of comparison was again the Manchester Unity A.H.J. table 
of sickness rates. Some comparisons were carried out against both sickness 
rates and inception rates derived from the 1975-78 individual Standard 
experience as set out in C.M.I .R .  7, 99 (1984). 

A third report, C.M.I .R.  15,209 covered the experience of 1979-82 and 1983- 
86 and compared Manchester Unity-type sickness rates and inception rates 
with those expected on the basis of the 1975-78 individual Standard experi- 
ence. The report also contained some commentary on the variation of experi- 
ence between the eight offices whose experience was analysed. 

The above reports all relied on the traditional Manchester Unity approach to 
analysing PHI data. Most practical PHI pricing has for many years been 
based around an inception/disability annuity approach. Although some analy- 
sis of inception rates had been carried out in these reports, they contained no 
analysis of termination rates. C.M.I.R. 12 introduced a multiple state model 
for PHI which reconciled the two approaches. The individual male Standard 
data for 1975-78 was used to develop graduated transition intensities between 
healthy and sick, sick and healthy and sick and dead. C.M.I .R.  12 described 
how inception rates, disability annuities and other functions could be derived 
from these basic building blocks. 

Three subsequent reports used the model to compare the experience of suh- 
sequeut data sets with the graduated rates based on individual Standard data for 
1975-78. 

One report, C.M.I.R. 15, 1, compared actual and expected inceptions for, 
inter alia. the quadrennia 1975-78, 1979-82 and 1983-86 in respect of group 
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PHI business. The report described the methodology used to analyse incep- 
tions. 

A second report, C.M.I.R. 15; 51, compared actual and expected recoveries 
and deaths of those sick and claiming under PHI policies for. inter aliu, group 
PHI business in 1975-78, 1979-82 and 1983-86. The report described the 
methodology that has been used to analyse claim terminations in this report. 

The third report C.M.I.R. 16_ 143 (1998) covered the experience of 1987-90 
and used the methodology of the two reports in C.M.I.R. l5 to analyse incep- 
tion and termination rates of group PHI business. 

Group PHI business can be sub-divided into two basic types, individually costed 
and unit costed. Individually costed business involves a premium being calcu- 
lated separately for each person in the scheme. Full records of the in force by 
age and sex are available and can be passed to the C.M.I. Bureau each year 
for analysis. This permits a detailed analysis of claim inceptions and claim ter- 
minations as well as Manchester Unity-type sickness rates. Unit cosled business 
has premiums calculated on the basis of a single rate for all and records of in 
force by age and sex are not generally available on an annual basis. Claim 
records have. however, been collected by the C.M.I. Bureau which permits an 
analysis of claim terminations but not of claim inceptions or Manchester 
Unity-type sickness rates. 

With effect from the 1991 investigation year, the C.M.I. Bureau has been 
asking ofices to submit data containing the office's own coding for occupational 
class_ if known. This code is then converted by the Bureau to one of four C.M.I. 
occupational classes to w~hich it most closely corresponds based on an inspection 
of the ofice's internal coding manuals. The volume of data which could be sub- 
divided by occupational class for the quadrennium was disappointingly small. 

There were a number of difficulties experienced in collecting and analysing 
the data for the 1991-94 quadrennium which led to a delay in publishing the 
results and limited the scope of the results that could be published. In particular, 
paucity of data in the relevant areas has meant that no publication of inception 
rates for individually costed business, nor any form of analysis by occupational 
class, has proved possible for the quadrennium. 

The shrinking volume of data for individually costed business has been noted 
in previous reporls and a decision toceasecollection of in force data for this busi- 
ness with enect from the 1999 investigation year has already been announced 
prior to writing this report. It now seems unlikely that any inception experience 
can be published in respect of the 1995-98 quadrennium. Therefore the results 
published in C.M.I.R. 16 in respect of 1987-90 would appear to be the find set 
of results published by the C.M.I.  in respect of group PHI claim inceptions. 
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On a more positive note, the collection of data in respect of years 1995 and 
thereafter is progressing well and it is anticipated that future experience can be 
published within a much reduced timescale, though this will relate to claim ter- 
minations only. The volume of data which contributing offices can sub-divide 
by occupational class has also increased significantly for those later years and 
the PHI Sub-Committee hope to be in a position to produce some results by 
occupational class for the 1995-98 quadrennium. 

2. T H E D A T A  

2.1 De,~cription qf the data 
The data received by the C.M.I. Bureau is detailed and consists of a record for 
each in force policy in respect of each year end. Each claim which is in force 
during an investigation year will also generate one or more records for that 
year, thus one claim which spans several years will generate at least one separate 
record in each investigation year. All records contain fields describing the attri- 
butes of each policy and claims records contain additional fields relating to the 
duration and other features of the claim. A full description of the format of the 
data was given in C.M.I.R. 5, 82-90 although a few amendments have been 
made subsequently, principally, since the 1991 investigation year, the addition 
of a field to code the office's own occupational class. 

The total data is described in this and other reports as the Aggregate data. It  
has been the practice in recent reports to concentrate the analysis of claims 
experience on a more homogeneous subset of the Aggregate data known as 
the Standard data. The Standard data has the following criteria: 

policies issued in the UK (the most significant exclusion being policies issued 
in the Republic of Ireland). 

policies without an occupational rating. 

policies without a known health impairment. 

policies with regular benefit payments (lump sums and waiver of premium 
benefits being excluded). 

In addition to the delays experienced by some contributors in producing the 
data, there were a number of problems which arose when the data came to be 
analysed. 

Firstly, as discussed above, volumes of individually costed data were low and 
the PHI Sub-Committee did not consider it worthwhile separately publishing 
the results of this experience. 
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Secondly. some contributors were unable to distinguish in their submissions 
whether claims related to individually costed or unit costed business. For this 
reason, and to make use of the claims data supplied in respect of individually 
costed business, the Sub-Committee have decided that the results for the termi- 
nation experience of the total combined group PHI business should be pub- 
lished in respect of 1991-94. This was, in fact; the approach adopted for the 
termination analysis published in C.M.I.R. 15 in respect of the three quadrennia 
in the period 1975-86. Only in respect of the 1987-90 quadrennium in C.M.I.R. 
16 was a separate analysis of termination experience for individually costed and 
unit costed business produced. A detailed breakdown by attribute of the data 
analysed is given in Table AI of the Appendix. This shows the number of 
claims records for both the Aggregate and Standard data sets. 

The following features emerge from this table and an examination of the data 
for the previous three quadrennia. 

Figure 1 shows the comparison of the total volume of Aggregate claims 
records for individually costed and unit costed business combined for 1991-94 
and the previous two quadrennia. It also shows how the data for each quadren- 
nium breaks down between the two types of business. 

Volume of data 
- 

Figure I .  Comparison of volumes of' Aggregate claims data for group PHI busmess. 
Individually costed, unit costed and type unknown. Quadrennia 1983-86, 1987-90 and 
1991-94. 
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The figure shows clearly that the rapid expansion of the combined data in 
1987-90 was explained by the large increase in the volume of unit costed 
claims data compared to the previous quadrennium. The volume o r  data suh- 
mitted for 1991-94 increased by some 10% from the levels of the previous quad- 
rennium. Whilst this is pleasing; the PHI Sub-Committee would like to further 
increase the volume of data to the investigation. New contributors are welcome 
and should note that the C.M.I. Bureau will now accept data in a format con- 
venient to the offlce and make the conversion to the format used for analysis 
internally if this is more convenient to the office. 

The Standard data represents some 81% of the Aggregate data. The principal 
reason for the elimination of the non-Standard data is data which is coded as 
"occupationally rated" or when the office could not tell whether the case was 
so rated or  not. Some 7% of the Aggregate data related to the Republic of Ire- 
land and this data was also excluded from the Standard data. The proportion of 
the Aggregate data included in the Standard data subset reduced significantly 
from the levels of the previous quadrennium. The overall effect was to reduce 
the number of analysed events, recoveries and deaths, by some 5% compared 
with 1987-90. 

Some 21 % oT the Aggregate data were female lives and the proportion of 
Standard data was marginally higher, some 2 2 5  These figures compare with 
the 18% observed for both data sets in the 1987-90 quadrennium. This con- 
tinues the trend of an increasing proportion of female lives observed since the 
start of the investigation. 

Table 1 below shows the breakdown of the Aggregate and Standard data by 
deferred period. The proportions are virtually identical for each data set. There 
is virtually no data for the two shorter deferred periods and the experience is 
dominated hy the 26 week deferred period business. 

A further informative way of looking at the breakdown of the data is by the 
number of analysed events. Table 2 below shows the number of recoveries and 
deaths by sex and deferred period for the Standard data. 

3. T E R M I N A T I O N  E X P E R I E N C E  

3.1 Anulysi.~ of rhe data 
The methodology Tor analysing the claim termination experience of PHI husi- 
ness was set out in C.M.I.R. 15, 51. The same methodology and table layout 
is used in this report. Actual deaths and recoveries are compared with those 
expected on the basis of the C.M.I.R. 12 model parameterised using the 
males. individual policies. Standard experience for 1975-78. 
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Table I .  Group PHI 1991-94 Individually costed and unit 
costed combined. Volume of data by deferred period. 

Aggregate and Standard. 

Aggregate 

Dcfcrred Uo. ofclaims "6 
Pcriod rccords 

Standard 

No. of cla~ma '"4 
records 

I week 40 0 
4 weeks 91 0 
13 weeks 3,227 12 
26 weeks 18,676 70 
52 weeks 4.785 18 

26,819 100 

Table 2. Group PHI 1991-94. lnd~vidually costed and unit costed combined. 
Volume of data by number of analysed events. Standard data by sex and 

deferred period. 

Derrrred Recoveries Deaths 
Period 

Males Females Total % by DP Males Fcmalcs Total % by DP 

l week 3 0 3 0 1 0 l 0 
4 weeks h 0 6 0 0 0 0 0 
13 weeks 280 189 469 25 8 1 I X 99 l5  
26 weeks 794 381 1,175 63 367 83 450 69 
52 wceks 141 70 21 1 12 78 22 100 16 
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TableA2 of the Appendix contains a comparison of the values of 100AIE, for 
all ages and durations combined, with those applying to the previous four quad- 
rennia. Values based on fewer than 30 events are shown in italic; values where 
the value of either p(+/-) or p(B) is less than 0.025 are shown in bold. Note that 
the individually costed and unit costed data, analysed separately in respect of 
1987-90 in C.M.I.R. 16, has been recombined for the purpose of this table in 
order to make it comparable with other quadrennia, including 1991-94. 

The results in Table A2 are illustrated graphically in Figures Al.  l-A1.4 of the 
Appendix. In addition to the 100A;E results shown in the tables, the figures also 
illustrate a confidence interval, the lower limit being 100(A - 2 T Q l E  and the 
upper limit being 100(A + 2 a ) I E .  

The detailed results, by sickness duration and age group, and statistical ana- 
lysis of the results are summarised in Tables A3.1-A3.4 of the Appendix for 
male recoveries. female recoveries, male deaths and female deaths respectively. 
Readers are referred to the report in C.M.I.R. 15 for a full description of the 
tables and the statistical analysis used. 

Readers must exercise caution when attempting to draw conclusions about 
trends from these results. There is considerable variation of experience between 
ofices and the combined results can be influenced significantly by changes in the 
mix of offices contributing from year to year. In particular there were consider- 
able changes in the mix and volume of business submitted between the 1983-86 
and 1987-90 quadrennia. Other factors may also mask any trends in the under- 
lying morbidity_ for example changes to underwriting practices or claims con- 
trol procedures. 

3.2 Rrcoveries - males 
Overall recovery rates are at virtually the same level as the previous quadren- 
nium, 1987-90, being some 69% of those expected on the basis of SM1975- 
78. Recovery rates for both DP13 and DP26 business are very slightly higher 
than the previous quadrennium and for DP52 somewhat lower. 

Overall recovery patterns by duration of sickness show IOOAIE values dimin- 
ishing with increasing duration towards a minimum value in the second six 
months of sickness and then steadily increasing with sickness duration. A simi- 
lar pattern has also been observed in the same quadrennium for individual PHI 
business. 

3.3 Recoveries - females 
Female overall recovery rates for the quadrennium have increased to 8096 of 
those expected from the 67% observed in the previous quadrennium. This is 
also somewhat higher than the overall male recovery rate as described above. 
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Male and female recovery rates had been very similar in previous quadrennia. 
The increase in recovery rates comes from the DP26 and DP52 experiences, 
DP13 recoveries being slightly reduced. 

There is evidence of a similar pattern of variation of AIE with duration of 
sickness as described for the male recovery experience. 

3.4 Deuths - mules 
Overall male death rates have increased from 8356 of those expected in 1987-90 
to 92% of those expected in 1991-94. There is an increase in rates for DP13 and 
DP26 policies, but a small fall for DP52. However. confidence intervals are wide 
for other than D26 business reflecting the low volunles of data. 

The number of deaths in the first year of sickness is too small to draw any 
conclusions about any sort of pattern in the variation of A:E with sickness dura- 
tion. 

3.5 DEUIIIS - fema1e.r 
Female overall death rates for the quadrennium have increased from 69% in 
1987-90 to 87% in 1991-94. 

Overall remale death rates are less than the male rates for the quadrennium 
(87'lG vs 92%) and have been less for all the five quadrennia analysed. although 
confidence intervals for the female experience are quite large. 

There is too little data to draw conclusions on other aspects. 

4. ( . O N T K I B U T I N G  O F F I C E S  

The Executive Committee and the PHI Sub-Committee wish to thank the fol- 
lowing offices which have contributed data to this investigation. The office 
names given are, generally, those applying at the time of submission. 

Eagle Star 
Friends Provident 
Guardian 
Norwich Union 
Scottish Amicable 
Sun Alliance 
UNUM 
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Table A l .  Group PHI policies, 1991-94. Aggregate and Standard data. 
Individually costed and unit costed combined. Number of claims records for 

each invesligation year summed across the four year period. 

Aggregate Standard 

Allribulr Claims records Claims records 

Occupational 
Rating 

Mcdical 
Evidence 

Underwriting 
Impairment 

CM1 
Occupational 
Class 

Male 
Female 

UK 
Republic of Ireland 
Isle of Man 
Channel Islands 

Not ratcd 
Rated 
Unknown 

Level 
Increasing 
Decreasing 
Other 

Medical 
Non-medical 
Non-selection 
Unknown 

Level annual 
Recurrent single 
Increasing annual 
Other 

No extra risk 
Hyperlmsion 
Neurosis 
Exclusion pos~ihle 
U n k n o m  impairment 
Other 

Class l 
Class 2 
Class 3 
Class 4 
Class Unknown 

1991 
1992 
1993 
1994 

Total records 
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Table A2. Summary of termination experience for group PHI claims 1975-94. 
Individually costed and unit costed combined. Standard experience. 

(a) Malcs, recoveries. 

DP I DP 4 DP 13 DP 26 DP 52 ,411 DP 

(h) Frmalcs. recoveries. 

DP I DP 4 D P  13 DP 26 

14 112 h6 
78 75 35 

66 33 
83 63 
77 79 

(C )  Males. dedths 

DP I DP 4 DP 13 DP 26 DP 52 All DP 

( d )  Females, deaths. 

DP I DP 4 D P  13 DP 26 DP 52 All DP 

Nolr: 
Imlic if actual nurnher of rrcovcries or dealhs is lcss than 30. 
Not shown if actual number of recorerics or deatha is less than 10. 
Bold if cilhcr p ( + / - )  or p(B) < 0.025 for adjusred E. 
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Table A3.1. Males, group PHI (individually costed and unit costed 
combined) policies, 1991-94, Standard experience. recoveries. 

A 
t 

l00A;E 
Duiafions: 

1L17 weeks 
17-26 reek! 
26-30 rccks 
30-39 weeks 
39 w k s ~ l  yr 
IL2 years 
2 ~ 5  years 
5 ~ 1  1 years 

Ages: 
18-24 
25-29 
30-34 
35-39 
40-44 
45-49 
5 0 ~ 5 1  
5 5 ~ 5 9  
60-61 
65.65 

UP l3  DP 26 DP 52 All U P  

All  ell^ 72 

Note: IOOAiE is shown as iroiic if the actual number of recoveries is less than 30. and p(+/-) 
are shown ta 4 decimal places if lesr than 0.10 and as boldif less Ikan 0.05 p(B) is shown as bold if lesr 
than 0.050. 
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Table A3.2. Females, group PHI (individually costed and unit costed 
combined) policies, 1991-94. Standard experience, recoveries. 

1 
t 

I0OA:E 
UuratlUni 

1-17 weeks 
weeks 

2630 wcekr 
30-39 rccks  
39 "k8.1 yr 
1-2 years 
2-5 years 
5-11 )ear\ 

50-54 
55-63 

All ccll, 

- 

Note: 100A:i is shown as italic if the acrual number of recoverm is icss than 30. p(& and,(+/-) 
arc shoan to 4 decimal piaces ifless than 0.10 and as buld iflcss than 0 0 5 p ( B )  is shown as boldif less 
than 0.050. 
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Table A3.3. Males, group PHI (individually costed and unit costed 
combined) policies, 1991-94, Standard experience, deaths. 

A 
F 

100A:E 
Durntinns: 

L26 r e e k s  
26-30 irreki 
30-39 week: 
39 wks-L yr 
1-2 )cars 
2-5 ~ a r s  
5-1 l years 

UP I DP I UP 13 DP L6 DP 52 All DP 

-p- 

Notc: 100A:Eis shown as iralicif thc actual nurnbcr d d r a t h s  is Icss than 30.piy2) andp ( i / - )  are 
shown to  4 decimal places iflcss lhan 0.10 and as bold i f  less than 0.05. p(B) is shown as bold ifless 
than 0.050. 
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Table A3.4. Females, group PHI (individually costed and unit costed 
combined) policies, 1991-94, Standard experience, deaths. 

DP I D P J  D P  13 r)P 26 DP 52 All DP 

- 

All cell$ 

1:sing 
adjusted E 
E 2  

NoLe: l0OA:E is sbown as i i d k  if the actual number of deaths is less than 30. p(*') and p l i  I-) are 
shown to 4 decimal places if less lhau 0.10 and as bold if less than 0.05. ,>(B) is shown as hold il less 
than O.050. 
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Note: Results are omitted from the above ftgure i f  based on less than 10 actual recoveries. 

Figure A I  . l .  Males, recoveries. Individually costcd and unit costed group PHI policies combined. Standard expericncc for 
quadrennia 1975-78, 1979-82, 1983-86. 1987-90 and 1991-94. 100 A/E and confidence intervals. Compare with Table A2(it). 
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l week 4 weeks 13 weeks 26 weeks 52 weeks All deferred per~ods 

Deferred Period 

Note: Results are omitted from the above figure if based on less than 10 actual recoveries. 
0 

Figure AI 2 Females, rccovcrics, Individually costed and unit costed group PHI policies combined. Standard experience for 
quadrennia 1975-78. 1979-82, 1983-86, 1987-90 and 1991-94. 100 A/E and confidence intervals. Compare with Table A2(b). 
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Deferred Period 

Note: Results are omitted from the above figure i f  based on less than 10 actual recoveries 

Figure A1.3. Males, dcaths. Individually costed and unit costed group PHI policics combined. Standard experience for quad 
rennia 1975-78. 1979-82, 1983-86; 1987-90 and 1991-94. 100 AiE and confidence inkrvals. Compare with Table A2(c). 
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1 week 4 weeks 13 weeks 26 weeks 52 w e e g  All deferredyerlods 

Deferred Period 

Note: Results are omitted from the above figure if based on less than 10 actual deaths. 
0 

Figure A1.4. Fcmalcs. dralhs. Individually costed and unit costcd group PHI policies combined. Standard experiencc for quad- 
rennia 1975-78, 1979-82, 1983-86, 1987-90 and 1991-94. 100 A!E and conlidence intervals. Compare with Tablc A2(d). 
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A N  A N A L Y S I S  O F  T H E  P H I  E X P E R I E N C E  O F  
I K D I V I D U A L  C O M P A N I E S  I N  T H E  U N I T E D  

K I N G D O M  I :  C L A I M  I N C E P T I O N  R A T E S  

R Y  A A K O R A B L h S K I  A N D  H K W A T E R S  

K E Y W O R D S  

PHI: Inceptions: Company; Generalized Linear model; Credibility model 

A B S T R A C T  

In this paper we analyse the Permanent Health Insurance claim inception rates 
for 18 UK insurers Tor the years 1987 to 1994, inclusive. The data relate to poli- 
cies on individual lives, males and females, with deferred periods ranging from 1 
week to 52 weeks. For each CompanyIDeferred Period/Sex/Year we have a 
value Tor the sum over all ages of the actual number of claim inceptions (4) 
and the expected number (E) on a standard basis. The data are described in Sec- 
tion 2. In Section 3 we fit a generalized linear model to the values of .4/E for the 
whole data set. The main effects - Company, Deferred Period, Sex and Year - 
are all significant, as are the following interactions: Company by Deferred 
Period, Company by Sex, Company by Year, Deferred Period by Sex and 
Deferred Period by Year. In Section 4 we consider separately the data for a 
given Deferred Period and Sex. We use the Biihlmann-Straub credibility 
model to estimate the correct AIE value for a given company. In Section 5 we 
discuss our numerical results. Finally. in Section h we present some conclusions 
and discuss the relative merits of our two approaches in terms of predicting the 
future claim inception experience of any particular company. 

1. I N T R O O C C T I O N  

Insurers who supply individual Permanent Health Insurance (PHI) data to the 
Continuous Mortality Investigation Bureau (CMIB) receive in return in respect 
of each year's experience from 1995: 

(a) a summary analysis of their own experience, and, 

(b) a summary analysis of the experience of all contributing companies. 

These analyses cover claim inceptions, recoveries and deaths. In this paper, Part 

l09 
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I of a series of two papers. we are concerned only with claim inceptions: recov- 
eries and deaths are analysed in Part 11. The references and acknowledgements 
for both papers are given in Part 11. 

Examples of the style of the CMIB's summary analyses for claim inceptions 
can be found in C.IM.I.R. 15 (1996. Claim Inception Rates under PHI Policies, 
Individual 1975-90 and Group 1975-86, Tables 2.la-2.14e). A key feature of 
these summaries is the figure given for AIE, as a percentage, for each combina- 
tion of deferred period and sex. where A is the actual number of claim inceptions 
and E is the expected number and where both numerator and denominator are 
summed over all single ages. The expected number of claim inceptions is calcu- 
lated from the appropriate exposure using a standard basis: the standard basis 
was constructed from the experience of male lives in the years 1975 -78. 

The claim inceptions A/Evalue for a company is of importance since. in prin- 
ciple, it indicates how the company should adjust the standard basis for use in 
premium rating and even reserving. However, a problem with the AIE value for 
an individual company is that it may be based on very little data, particularly for 
the longer deferred periods. If an individual company's AIE value differs signif- 
icantly from the all companies' value. it may not be clear how its own pricing 
basis should be determined. 

The CMIB has supplied us with claim inceptions A / E  values for 18 compa- 
nies for each of the years 1987 to 1994, inclusive. The purpose of this paper is 
to analyse and to model these data using two different methods: in Section 3 
we use a generalized linear model and in Section 4 we use credibility theory. 
By doing this we can not only make interesting comparisons between the two 
methods but also gain some insight into heterogeneity in the data. For example. 
there is prior evidence that there are considerable differences between insurers in 
respect of their claim inception experiences; presumably as a result of differences 
in underwriting standards, claims management, relative pricing and sales strat- 
egy. See C.M.I.R. 15 (1996, Sickness Experience 1983-86 for Individual PHI 
policies. Section 3). 

A shorter report on an analysis of our data has already been published in 
the Transactions of the 26th International Congress of Actuaries (Korabinski 
and Waters (1998)). Some time after that report was published, the CMIB 
investigated the extent of duplicate policies in its claims inceptions data and 
found that there were generally more duplicates. particularly for policies 
with deferred period 1 week, than had been allowed for in our earlier 
report. Allowing for an increased number of duplicate policies has resulted 
in changes to the fitted generalized linear model (see Section 3 below) but 
not to the results of the credibility analysis. as compared with the models 
and results in Korabinski and Waters (1998). 



Although our two methods for analysing our data are different, they have a 
common underlying element. This can he explained as follows. Let: 

i denote Company. 
d denote Deferred Period. 
.v denote Sex. 
j denote calendar Year. 
r denote the policyholder's age last birthday. 
A,,,sj, denote the actual number of claim inceptions for the combination of 

factors (i,d,s,j,s). 
TimiC denote the time spent as healthy by policyholders for the combination 

of factors (i.d,s,j,x). Note that this is time spent as healthy in the calen- 
dar year j displaced by the deferred period d. 

m,i, denote the sickness inception intensity for a policyholder aged s last 
birthday with a policy with a deferred period d, as given by the stan- 
dard basis. 

T~~ denote the probability that a sickness starting at age S last birthday 
will last for at least a period d and become a claim. This probability 
is calculated using the recovery and mortality intensities given by 
the standard basis. 

Note that, according to the standard basis, udr and T~, do not depend on Com- 
pany_ Sex or Year. 

Using the standard basis. the expecled number of claim inceptions for the 
combination (i,d,s, /,X) is EIIhJXl where: 

Eidi.jit = Th,, . Td.x . g d r  

Now define 4,d,, and Ejdsj as the sum over all ages X. in practice 20 to 64, inclu- 
sive, of Aldrir and Ejd+ respectively. If the experience followed the standard 
basis, then we would have. treating A,,, as a random variable: 

E = EiCzsj 

However, the standard basis is unlikely to be correct in this sense. A key element 
common to the models in Sections 3 and 4 below is the multiplicative factorf& 
defined by: 

E [ A  zdr, l = &d,j . f ;d.,./ 

In Sections 3 and 4 we will describe how to estimate f& using our two different 
approaches. These estimates are of interest to individual companies since they 
indicate how the claim inception rate rd,. ad, given by the standard basis 
should be adjusted to calculate the expected claim inceptions for a given Com- 
pany, Deferred Period; Sex and Year. Provided we can extrapolate these esti- 
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mates to future years. i.e. beyond the data available, this enables a company to 
adjust the claim inception rates used in the calculation of its premiums and 
reserves. 

A final point to note is that the r a ~ t o r f . ~ . ~ ~  applies to the expected claim incep- 
tions, E.,.?,, aggregated over all ages. This means that although f,,,, can model, 
for example, differences between companies, it is not able to model differences 
between an experience and the standard basis at individual ages or within small 
age groups. 

2. . T H E  D A T A  

2.1 The structure of'the data 
The data give A,  the actual number of claim inceptions, and E,  the expected 
number of claim inceptions, and the resulting AIE ratio expressed as a percen- 
tage. These are given for 1 8 companies (labelled 1 to 18). 5 deferred periods (l. 4, 
13,26 and 52 weeks), both sexes (male and female) and 8 years (1987 to 1994). 
Potentially there are 18 X 5 X 2 X 8 = 1440 cells in a four-way table for Com- 
pany by Deferred Period by Sex by Year. However, data are available for only 
1030 of these cells as for most companies not all years and deferred periods are 
covered. For example, the cells for company 7 correspond to only one year 
(1994) and three deferred periods ( l3 ,26 and 52 weeks). In addition, a further 
149 cells are empty due to zero exposure. leaving 881 contributing cells. 

In CMIB terminology. our data is 'Standard Experience' data. See C.M.I.R. 
7 (1984). This means that it includes only UK policies and does not include poli- 
cies which have occupational or medical ratings/exclusions. 

2.2 The level ofinceptions 
The amount of business varies greatly over the dimerent parts of the four-way 
tahle. For example, PHI business is dominated by males with nearly 90% of 
the actual claim inceptions. The differences over Company and Deferred 
Period are illustrated in Table 1 which is a two-way tahle of actual claim incep- 
tions aggregated over Sex and Year. Note that an asterisk indicates that there is 
no business for that cell. 

Inceptions for deferred period 1 week are not shown in Table 1. This area of 
PHI business has some particular features which might make it possible to iden- 
tify an individual company from its inceptions alone. The data were supplied to 
us by the CMlB on the understanding that the identity of individual companies 
should not be disclosed. The total number of inceptions for deferred period 1 
week is 30311, which represents over 70% of all the inceptions. 

From Table 1 it can be seen that, for deferred periods of 4 weeks and greater, 
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Table 1. Aggregated claim inceptions by Company and Deferred Period. 

Company DP 4 DP I3  DP 26 DP 52 DP 4-52 

18 

All CO's 

Note: being aggregated over years; thcsc numbers of inceptions will depend on the number of years 
contributing to each cell. 

two companies together (8 and 9) account for over 50% of the inceptions and 
five companies (2,4. 7 ;  14 and 18) each account for less than 1% of the incep- 
tions. 

2.3 Exploratory data anu(v.rir 
Before undertaking any detailed modelling we performed some initial data 
exploration by producing a variety of plots. Some of these are discussed below. 

2.3.1 Individ~u~l company plots 
In practice individual companies submit their own data to the CMIB and in 
return they receive the aggregated 'all company' data. This allow~s them to com- 
pare their own perrormance with that of all companies (including their own) or 
with that of other companies (excluding their own). For such comparisons to 
be made on a more statistical basis we produced plots, for each Company and 
for each combination of Deferred Period and Sex available Tor that company, 
of A/EL% against Year with approximate two-standard-error limits drawn. For 
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comparison similar plots of the corresponding 'all companies' and 'other compa- 
nies' figures were drawn on the same graph. The standard errors for AIE"; are 
calculated using the following formula: 

where V,, is the 'variance inflation factor' which allows for duplicate policies in 
the data and is a function of the deferred period d. See C.M.I.R. 12 (1991. Part 
C). The values of Vd used in this paper are: 

3.890 for DP 1 
1.320 for DP 4 
1.210 for DP 13 
1.244 for DP 26 
1.006 for DP 52 

These values were calculated from information supplied by the CMIB following 
an investigation of the number of duplicate policies in the data for 19871994. 
They are generally higher (in the case of deferred period 1 week policies. much 
higher) than the corresponding values in C.M.I.R. 7 (1984, Appendix F)_ which 
were based on data from 19751978 and which were used by Korahinski and 
Waters (1998). 

Figures la,  l b  and 2 show plots for two cases. Figures la and ih are for com- 
pany 8, males; deferred period 4 weeks. This company provides nearly 45% of 
the total inceptions for deferred period 4 weeks, so its experience is very similar 
to the 'all companies' experience. Figure Ib, which incorporates 'other compa- 
nies' information rather than 'all companies' information; is of more value than 
Figure la.  Company 8 would take note of the fact that its own AIE% values are 
greater than those for the other companies for seven of the eight years, although 
less so in the most recent years. However, it should be noted that the si7e of the 
standard errors are such that there is considerable overlap in the two standard 
error intervals in all eight years. 

Figure 2 is also for males_ deferred period 4 weeks, but in this case for com- 
pany I. In contIast to company 8. this company accounts for less than 2% of the 
total inceptions and this is reflected in the much wider two standard error limits 
for the company. Note that these limits comfortably contain the all company 
experience intervals suggesting that there is no significant difference between 
the experiences of company I and of all companies. However, the fact that in 
five of the six years the experience of company I is better than that of all com- 
panies may be regarded as interesting. Finally note that company 1 did not con- 
tribute any data in respect of 1987 and 1994 for males, deferred period 4 weeks. 
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Fipurc la.  CO 8:'All CO's Males, DP4: Inceptions .4/En% with 2se limits 

Other Cos l- 
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Year 

Figure lb. Co XIOthcr m ' s  Males. DP4: Inceptions A E 0 k  with 2% limits. 
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2.3.2 Year effectplot 
Figures 1 and 2 indicate how AIE% varies by Year. As this feature is of some 
interest, we show in Figure 3 a plot of the Actual claim inceptions. the Expected 
claim inceptions (both divided hy 50) and the value of A/E% for each Year. 
aggregated over Company. Deferred Period and Sex. Both the Actual and the 
Expected claim inceptions show a decreasing trend, more marked for the 
former than the latter. The result is a decreasing trend in A/E%. This could 
be due to a reaction by the companies, in terms of underwriting standards 
and claims control, to generally worsening claim inception experience from 
1979-82 to 1987-90. See C.M.I .R.  15 (1996, Claim Inception Rates Under 
PHI Policies, Individual 1975-90 and Group 197586, Figures 1 and 2). A rele- 
vant point to bear in mind is that our data should include only those lives who 
have no occupation rating and no medical ratings or exclusions. Another pos- 
sible explanation for the decreasing trend in A/E% is that during the period 
1987-94, some companies may have improved their procedures for elin~inating 
from their data submitted to the CMIB policies with an occupation class other 
than 1 or with a medical rating or exclusion. In a separate study, using less 
detailed data and different methods, Haberman and Walsh (1997) did not iden- 
tify any time trends in claim inception rates over the period 1987-94. 

150- 

100- 

50 - 

0- 

L. ... W:-.....;..... 

I I I I I I I I 
1987 1988 1989 1990 1991 1992 1993 1994 

Year 



1987 1988 1989 1990 1991 l992 1993 1 
Year 

Fipre 3. Actual and expectcd claim inceptions 

The credibility approach in Section 4 requires us to remove any time trend 
from the data. To do this we fitted a simple regression model, regressing 
log(A,b?) on Year. This yielded a slope coefficient of -0.0201 (standard error 
0.009). The magnitude of the decreasing trend is given by the multiplicative 
factor cup(-0.0201). which corresponds to just over a 2% per annum reduction 
in AIE. 

2.3.3 The efect oj company size 
We were interested in the possibility of a relationship between a company's 
experience ( A / g  and its 'sire' in a particular segment of the market. i.e. for a 
particular combination of Deferred Period and Sex. We measured 'size' by 
the expected number of claim inceptions according to the standard basis. E. 
We plotted ten graphs of A/EO/a against E, one for each combination of 
Deferred Period and Sex. These graphs generally showed no evidence of any 
relationship between experience and size. Figure 4 shows the graph for males, 
deferred period 13 weeks and this is fairly typical of the lack of relationship. 
One exception was the graph for females. deferred period I week. which was 
dominated by two companies. One had a cluster of points (one for each year) 
with relatively high A/E values, while the other had a cluster of points with rela- 
tively low A:'E values. The two companies had clearly different values for their 
expected claim inceptions. However the corresponding graph for males, 
deferred period 1 week was also dominated by the same two companies but 
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Figurc 4. Inceptions A/EU4 plotted against E for Males, DPI1. 

the two clusters of points showed the same level of .4/E despite also having 
clearly different E values and much more data than for females. Therefore we 
concluded that there was no overall evidence that experience was related to 
size in a given segment of the market. 

3. G E N E R A L I Z E D  L I N E 4 R  M O D E L  F O R  A / , ?  

In this section we describe the fitting of a generalized linear model (GLM) to the 
actual number of claim inceptions for each cell in our data. our primary purpose 
being to investigate the structure of the data. The fitting process was carried out 
using the statistical package Splus. As we are dealing with the numbers of claim 
inceptions it was appropriate to model A,  the response, with a Poisson error 
structure. 

3.1 The modelling prorms 
The basic form of the model is as follows: 
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where: 

p .  . - E . f'. ~dr ,  - id.?, . . id31 

Taking logs we have: 

log(~~;dsj) = log(E,<i,) + log(f&) 

In GLM methodology, the t e r m I ~ g ( E ; ~ ~ ~ ) i s  called an offset and the termlog(.&) 
is modelled as a linear expression. 

It was anticipated that there would be overdispersion on top of the Poisson 
variability due to the presence in the data of duplicate policies. i.e. the fact that 
one life could have more than one policy so that policies may not be indepen- 
dent in their experiences. However, we decided to see if the modelling process 
itself would suggest that overdispersion was indeed present. We fitted the 
above form of generalized linear model with Year as a covariate and three 
potential factors. namely, Company; Sex and Deferred Period. We used 'for- 
ward selection' starting with the null model and adding terms (covariate, 
main eKects and interactions) until a satisfactory fit was obtained. However. 
even after the addition of all six two-factor interactions (between the covariate 
and the three factors) the fit was still very poor with a residual deviance of 1191 
on 757 degrees of freedom (do. Also. the residual mean square (RMS) was 1 S 6  
which is substantially greater than I and hence indicates overdispersion. See 
Chambers and Hastie (1993). 

The modelling process was repeated. incorporating overdispersion using 
weights given by l/Vd where V,, is the 'variance inflation factor', i.e. the 
factor by which the variance of the actual number of claim inceptions exceeds 
the mean due to the presence of duplicate policies. See Section 2.3.1. 

The first model given serious consideration included Year as a covariate, all 
three factors and all three two-factor interactions involving Company. Sex and 
Deferred Period, but no interactions between Year and the three factors. This 
gave a residual deviance of 925 on 778 df which is still a very poor fit. Despite 
the lack of fit; this model was considered for its relative simplicity as regdrds the 
Year effect and will be used to describe the Year effect in Section 3.3.1. Also the 
RMS for this model was down to 1.17. much closer to I as desired, showing that 
overdispcrsion had been incorporated to a reasonable extent. We will refer to 
this model subsequently as the 'simple model'. 

We eventually settled on a model as above plus two further interactions. both 
involving the covariate Year. one with Company and the other with Deferred 
Period. We will refer to this model subsequently as the 'fitted model'. This 
model gave a residual deviance of X74 on 758 df which is still not a very good 
fit but we had reached the stage where a compromise had to be made between 
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the complexity of the model and its goodness of fit. The addition of a three- 
factor interaction between Company, Sex and Deferred Period resulted in a 
slightly better fit with a residual deviance of 791 on 707 df but we felt that 
this model was unnecessarily complex and did not use it. The addition of a 
quadratic term in Year did not improve the fit. The RMS for the fitted model 
was 1.14, closer to I as desired. 

The fitted model is fully described in the following section. However, its 
apparent lack of fit did cause some concern. Other features led us to accept 
the fitted model despite its poor fit. In particular, exactly the same model was 
selected using weights based on the variance inflation factors from C.;M.I.R. 7 
(1984, Appendix F) but this had a better fit. The fit was most sensitive to the 
variance inflation factor for deferred period 52 weeks. Using the largzr value 
from C.1l4.1.R. 7 resulted in a good fit (819 on 758 do.  Also, deferred period 
52 weeks contributed less than 2% of the whole data in terms of the number 
of inceptions. This suggests that the variance inflation factors may not fully 
explain the overdispersion. In fact in Part 11: Termination Rates, we find that 
there is evidence of overdispersion despite the fact that duplicates have been 
removed from these data as far as it was possible to do so. Accordiwgly, we con- 
cluded that there may still be some overdispersion unaccounted for by the var- 
iance inflation factors and that this contributes to the lack of fit of the fitted 
model. These features led us to accept the fitted model despite its poor fit. 

3.2 Thefit ted model 
As described above the fitted model incorporates: 

m the factor Company with 18 levels 

0 the factor Deferred Period with 5 levels 

m the factor Sex with 2 levels 

m the covariate Year 

m the interaction between Company and Deferred Period 

m the interaction between Company and Sex 

m the interaction between Company and Year 

0 the interaction between Deferred Period and Sex 

the interaction between Deferred Period and Year 

Symbolically the linear model is of the follo\ving form: 
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where: 

ui i s t heCompany te rm: i= l ,  . . . ,  l8 
, ,  is the Deferred Period term: d = 1, . . . , 5 
5 is the Sex term: s = 1, 2 
j represents Year: j = 1987 to 1994 
Q. is a constant term 
Q, is the slope coefficient for Year 
( 0 9 ) ~ ~  is the Company by Deferred Period interaction term 
( o T ~ ) ~  is the Company by Sex interaction term 
I ,  is the Company i slope coefficient for Year 
(fi:r)ds is the Deferred Period by Sex interaction term 

is the Deferred Period d slope coefficient for Year 

We used the most common parameterisation in which the sums of various para- 
meters are zero. For example: 

18 IS  5 

x n i  = 0; = 0; x(m~)~~ = 0 ror each i = 1, . . . ,1X 
i-l i; l d= l 

There are potentially 134 estimable parameters and a further 52 which are deter- 
mined from these using the above summation conditions. However 11 of these 
parameters are aliased due to the data being incomplete (recall from Section 2.1 
that data are available for only 881 of the 1440 possible cells). The complete set 
of parameters is given in Appendix A. 

With so many interaction terms_ the model is too complex to allow a simple 
description of the different effects which influence the response AIE. Note that. 
for example, there is no simple Company effect as Company is involved in inter- 
actions with all the other terms, namely. Sex, Deferred Period and Year. How- 
ever, we describe these effects in the following subsections in the most 
convenient way possible. 

3.2.1 The Year e&ct 
First we describe the overall Year effect using the simple model referred to in 
Section 3.2. A Year appears in the model only as a covariate and not in any 
interactions, the Year effect is simply described by referring to the fitted slope 
coefficient which is given by: 

= -0.02051 with s.e. 0.00351 

It is clear that Year is highly s~gnificant and the negative sign indicates the 
decreasing trend already discussed. The slope coefficient confirms the simple 
estimate calculated in Section 2.3. 
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The Year effect is more complex in the fitted model. Here Year appears as a 
covariate and in interactions with both Company and Deferred Period. As a 
result the model incorporates the Year effect with a different slope for each 
Company and Deferred Period combination. However, due to the complex 
nature of the model we cannot describe the effects using the various slope co- 
efficients. 9,. r:bi and t,,, in isolation from the other model parameters. This 
can be seen especially for the smaller companies such as company 7, for 
which .$, = 0.53190.  When multiplied by 1994 this gives -1060.61, an cxtre- 
mely large value. the large part of which cancels with the Company parameter 
a, = 1060.58. 

3.2.2 The Company, Deferred Period and Sex effects 
The presence of so many interactions in the fitted model means thal the effects of 
the three factors cannot be described individually but only thtough the use of 
two-way tables. Even this is not wholly adequate (as witnessed in the comments 
on the Year eAkct above) but i t  still gives an informative description. The three 
corresponding two-way tables are Tables 21. 2b and 2c. The figures tabulated 
are the A/E percentages after aggregation as calculated from the fitted values 
from the model. The fitted values in these tables have been calculaled as at I 
January 1991; the mid-point of the data collection period. When interpreting 
these tables account should be taken of the dilfering amounts of data in the 
cells. Refer back to Section 2.2 for details. In particular note that companies 
8 and 10 between them account for over 40% of the inceptions for deferred per- 
iods of 4 weeks or greater. whereas company 14 accounts for very few incep- 
tions. An asterisk in Table 2a indicates that there are no data for that cell. 
Individual company values for DP  1 are not shown in Table 2a in order to pre- 
serve the anonymity of the companies. 

From Table 2a for the Company by Deferred Period interaction, first note 
that several cells for DP l and DP 4 are empty due to the lack of data, This 
is naturally co~nplicated to describe being an 18 by 5 table. Some features con- 
cerning Company and Deferred Period obtained from this table are: 

The overall AIE is 106% and for individual companies AIE ranges from 36% 
to 135%. 

The overall A:E profile with respect to Deferred Period is a drop between 1 
week and 4 weeks and an increase thereafter. 

The initial drop between DP 1 and DP 4 is essentially due to two of the larger 
companies. None of the other companies show this drop. 

One company (10) has an overall AiEwhich is close to the overall average for 
all companies but has the greatest values for AIEfor both DP 13 and DP  26. 



All but three companies show the general increase between D P  26 and D P  52 
and these are three of the smaller companies. 

From Table 2b for the Company by Sex interaction, note the following 
points: 

The overall 4 E f o r  males is 102% (very close to 100°/b) while the overall AIE  
for females is much greater at 153%. 

for ull companies, except company 14, which has very little data, the female 
AjE is greater than the male AjE but to quite varying extents over the com- 
panies. 

two of the larger companies (9 and 16) show quite large differences but 
another of the larger companies (10) shows the least difference. 

From Fable 2c for the Deferred Period by Sex interaction, the main feature to 
note is that the .4/E value for females does not drop between D P  1 and D P  4, 
unllke the value for males. 

Table 2a. Fitted A/E percentages for Company by Deferred Period 

Company DP I DP 4 DP 13 DP 26 DP 52 All DP5 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
I S  
16 
17 
18 

All Cu'r 
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Table 2b. Fitted AIE percentages for Company by Sex. 

Company Male Female Both Scrrs 

All CO's 

Table ?c. Fitted A / E  percentages for Deferred Period by Sex. 

Deferred Penod Male Fcmaie Both Sexes 

l 104 132 106 
4 78 151 87 

13 97 186 I 0 5  
26 136 180 154 
52 24 1 61 1 269 

All DPs 102 153 106 

3.3 Prediction using thefitted GLM 
As indicated earlier, the primary purpose of the GLM is to investigate the struc- 
ture of the data as regards how the various factors influence the response A/E.  
This has been done as described above. In Section 5 the fitted GLM will be used 
to predict the AIE values for particular cases. It should be noted that prediction 
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is a secondary purpose of the GLM, especially when it is being used to predict in 
cells for which there are no data. Effectively it is being used for extrapolation 
and as the fitted model is quite complex this may result in wild unreliable 
values. The size of the associated standard errors will also be indicative of 
values that are unreliable. Further coimneut will be made on these features in 
Section 5. 

4. A C R E D I B I L I T Y  M O D E L k 0 K A ; I  

4.1 General points 
In this section we take a different approach to the problem of estimating the AiE 
value for a given Company, Deferred Period. Sex and Year. namely, a credibil- 
ity approach. Our primary purpose here is to predict future values of A/E. The 
credibility approach fits very well with the service provided by the CMIB to 
individual companies. Loosely speaking, for a given Deferred Period and Sex 
the CMlB provides each company with values for &E based on its own experi- 
ence. say .4 ,,,,,, / E  ,>,,, and on all companies' experience, say A,n:'E,a. Since an 
individual company's experience may be based on very little data, it is intuitively 
appealing for a given company to assume that a better estimate of its AiE value 
is given by the weighted average: 

for some credibility factor, Z, where 0 < Z < 1 

4.2 Model specffication 
Forcompany I. i = 1,2,. . . , l &  ycarj, j= 1987,1988,. . . ,1994. and a given com- 
bination of Deferred Period and Sex. let: 

.4, denote the actual number of claim inceptions summed over all ages: 

and, 

E,, denote the expected number of claim inceptions summed oyer all ages. 

In the nolation o r  Section 1. these are AildV and Ejjd.s, respectively. However, 
since we are restricting our attention to a given combination of Deferred Period 
and Sex. we have dropped the subscripts rl and s. Now define: 

Eh = E ,  exp(-0.0201(1990.5-i)), and, 
X ,  = 100 X A,/E:, 

so that Xij is the AiE percentage with the time trend. as estimated in Section 2; 
taken out and stabilised at the I January 1991 level 
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We assume that the data { { X , ,  E:,}:=, }:Xl satisfy all the assumptions for the 
Buhlmann-Straub credibility model. See Buhlmann and Strauh (1970) or  Klug- 
man, Panjer and Willmot (1997). In summary these are as follows: 

A.1 For each company i; the distribution of X,depends on the value of an 
unknown risk paramem Q,. 

A.2 Given B,, the X,s are independent. 

A.4 The risk parameters { B , } j i l  are independent and identically distributed. 

A.5 For i # k, the pairs {Q,, X g )  and {Bk,  Xkni} are independent. 

Standard credibility theory, see, for example, Klugman, Panjer and Willmot 
(1997). shows that the credibility estimate of A / E %  for company i at the 1 Jan- 
uary 1991 level for the given combination of Deferred Period and Sex is given 
by: 

zPxi + (1 - Z,) . E [m(B,)] (5)  
where: 

Unbiased estimates of the structural parameters, E[m(Qi)],  E[.T~(H,)] and V'pn(B,)]. 
are computed from the data for the given Deferred Period and Sex: 
{{X, , ,  E:,};=, }?I.  The formulae for the estimators for E[s'(H,)] and 1.11)1(83] 
are given for completeness in Appendix B. The estimator for 4m(fJi)] is X. 
where: 

- EP-I E&X, 
X =  c;!, c;=l E:, 

which can easily he shown to be unbiased. 
It is clear from (6) and (8)  that X, is an estimate of &Eo b based on the com- 

pany's own experience andX. the estimator for E[m(B,)], is an estimate of A / E %  
based on the experience of all 18 companies. Substituting (8 )  into (5) shows that 
(5)  is in the form of (4). as required. 
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4.3 Standard errors 
The credibility estimate (5) is an estimate of m(H,), which is the true underlying 
A:'E ratio for company i. The mean squared error of this estimate is: 

which, after a little algebra, can be shown to be: 

Since the credibility estimate is unbiased, its standard error can be calculated as 
the square root of (9). 

4.4 Comnzenrs on the nzodels of Sections 3 and4 
The credibility model specified above can be related to the simple generalized 
linear model in Section 3.2. To  see this, let us re-employ the notation of Section 
1. In terms of this notation, two of the assumptions of Section 3 are: 

and one of the results of the simple model described in Section 3.2 is thathiddcan 
be written: 

f : .  ,,,l.s - - exp(-0.02051(1990.5-,/l) . gid, (12) 

where g,ds is some function of Company. Deferred Period and Sex only. This last 
relationship follows from the fact that, for this simple model, Year is modelled 
as an exponential term with no interactions with any of the other factors. It can 
be easily checked that formulae (10). (1 I) and (12) are consistent with Assump- 
tion (A.3) in Section 4.2. apart from the slight difference in the values of the 
slope coefficient for Year. (Recall that in Section 4.2 we are considering a 
given combination of Deferred Period and Sex, so that the factors d and s are 
constant.) 

The credibility model is more general than the generalized linear model in the 
sense that the latter assumes A,y,, has an overdispersed Poisson distribution 
whereas the former makes no distributional assumptions. 

In this section we present detailed results for males. deferred period 4 weeks in 
order to illustrate the application of the credibility analysis outlined above and 
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to be able to make comparisons with the GLM approach of Section 3. We also 
comment on the results for the other combinations of Deferred Period and Sex. 
Summary results, in the form of Tables and Figures, for these other comhina- 
tions are shown in Appendix C. 

5.1 Males, &fkrredperiod 4 weeks 
Table 3a shows the actual number of claim inceptions for each of the 18 com- 
panies in each of the eight years, 1987 to 1994, inclusive. Table 3b shows the cor- 
responding values of X,. In each table an asterisk indicates that no data were 
available from that company for that year. 

The points to note from Tables 3a and 3b are: 

There is considerable variation between companies in terms of their numbers 
of claims. Company 8 is responsible for 45% of all claims, whereas three 
companies (4, 15 and 16) are in total responsible for 1.3% of all claims. 
This point has already been made in respect of Table I, which includes 
females as well as males. 

For individual companies, even the larger ones, there is considerable varia- 
tion in the values of X,,. For example; the values of Xij  for company 10 
range from 78.3% (1994) to 112.2'h (1988). 

Four companies (2, 7, 11 and 14) have no data a t  all for males, deferred 
period 4 weeks. 

Company 17 has data only for 1993 and 1994. Companies contribute data to 
the CMIB on a voluntary basis and it may be that company 17 became a con- 
tributor as from 1993 or that i t  entered the deferred period 4 weeks market a t  
that time. 

Several companies (3,4. 5,6. 13 and 18) have data for a few years and then no 
data for the remaining years. This feature may be caused by the company's 
deciding to stop contributing data to the CMIB but is more likely to be 
caused by the data's being unavailable at the time when the CMIB sent us 
the data (early 1997). There can be several years' delay before a company 
submits data to the CMIB. The CMIB checks all submitted data carefully 
and asks the contributing company to investigate any apparent errors. 
This investigation can in turn take several years! 
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Table 3a. Actual claim inceptions. males, deferred period 4 weeks. 

Company 1987 19x8 1989 1990 1991 1992 1993 1994 Total 

All CO's 

The estimates of the three structural parameters from thi5 data set are: 

Recall that flrn(B;)] is the estimate of AIE based on the combined experience 
of all the companies. E[s2(8;)] can be interpreted as a measure of the variability 
within each cornprmj'.~ experience. qrn(B; ) ]  can he interpreted as a measure of the 
variability between companies. 

Table 3c shows the results of the credibility analysis for the individual com- 
panies. For each company the following values are given: 

- 
xi This is the estimate of AIE% based on the company's own experi- 

ence. See (6). 
C;=, E,!, This is the sum of the expected number of inceptions for the com- 

pany, after adjusting for the time trend in A/E.  This factor 
appears in the formula for Z,. Noting that E [ ~ ~ ( B , ) ] /  V[~n(fl;)] is esti- 
mated to he 50, it can be seen from formula (7) that an individual 
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company's experience will be given a credibility factor of, for 
example; 0.5 or higher if and only if its expected claims in the 
period were 50 or more. 

z, This is the credibility factor for company i. 
Cued. E.st. This is the credibility estimate of A/E% for the company calcu- 

lated from (5). 
C.E.S.E. This is the standard error of the credibility estimate. 
G L M  E.st. This is the estimate of AIEo,b calculated from the fitted model 

described in Section 3. These values should be compared with 
the corresponding values in the column Cred. El f .  An asterisk 
against the value is a reminder that there are no data for this com- 
pany. The values of G L M  Esc. for these companies have not been 
included in Figure 5. 

S.E. This is the standard error of GLM Est. Note that in cases where 
the ratio of S.E. to GLM Est. is high. say greater than 0.5. the dis- 
tribution of the corresponding GLM estimator will be far from 
normal and highly skewed to the right. 

Table 3b. Values of X,,, males, dererred period 4 weeks 

Company 
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Figure 5 displays graphically some key features from Table 3c; it shows for each 
company the values ofX,; Crcd. Est., GLM Est. and, as a horizontal line, the 
estimated value of qm(Bi)]. 

Points to note about Table 3c and Figure 5 are: 

(a) For those companies with no data for males, deferred period 4 weeks (2, 7, 
1 I and 14). their credibility factor, Z;; is zero and their value for Cued EII, is 
77.84/,, the estimate of qm(B,)]. In such cases, the generalized linear model 
of Section 3 may produce a 'wild' predicted value which is clearly nonsense. 
Examples of this are companies 2, 7 and I I .  The corresponding standard 
errors indicate how much notice should be taken of these predicted 
values! Another predicted value which should be treated cautiously, 
because of its relatively large standard error, is the value for company 14, 
50.5%. The problem is that there are no data in these four cells. so that 
the fitted GLM, which has a complicated structure, is not 'tied down' at 
these points. It would be unfair to criticise the GLM for producing these 
wild values. A simpler GLM may have been more suitable for the purpose 
of prediction since it may have produced smoother values, at  the expense of 
a less satisfactory fit to the data. A main effects only model does give sen- 
sible predictions in cases where there are no data. However, the model is a 
very bad fit (residual deviance of 1423 on 857 df). 

(b) For those companies with data for males, deferred period 4 weeks, there is 
considerable variability in the r,alues of,?,, Cred. Est. and GLM Evt. as indi- 
cated below: 

Estimate Low High 
% 9h 

X 13.7 101.6 
Cued. Esl. 61.4 98.8 
GLM E.% 13.3 114.6 

That ('red. Esr. should show less variability than F, is not surprising. It is 
somewhat surprising that GLM Est. should have a wider range than F,. 
This variability is, presumably, a consequence of different underwriting 
standards, marketing strategies and claims control between the companies. 
The most extreme difference is between companies 3 and 6. both of whom 
have contributed a reasonable amount of data, i.e. have reasonably large 
values of C;-,E$. Loosely speaking. our analysis s h o w  that company 3 
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should he using the standard basis to calculate its expected number of 
claims whereas company 6 could reasonably expect its claim numbers to 
be only 60% of the number calculated using the standard basis. 

(c) For most companies the values of Crrd Est. and GLM E,st. are reasonably 
close, taking account of the values of C.E.S.E. and S.E. 

(d) For each company the values of C.E.S.E. and S.E. are fairly close, with the 
former generally being a little less than the latter. At first sight this feature 
may be surprising. Since the GLM uses all the data rather than just the data 
for the given deferred period and sex, we might expect it to have a smaller 
standard error than the credibility estimate. However. an important point 
to bear in mind is that in both cases the standard errors are calculated 
from certain model assumptions. If the model itself is not a fit to 
the data, the value of the standard error of a particular predicted value 
could he misleading. In this situation a further contribution to the error 
is present in the form of a bias representing the difference between the 
model being used, which does not fit well, and some true model which 
does fit the data. The associated standard errors for the main effects only 
model (see point (a) above) are misleadingly small; indeed. smaller than 
those for the predictions from either the fitted model or the credibility 
model. 

o GLM Ear 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Company 

Figure 5. Males, deferred period 4 weeks, inceptions. 
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Table 3c. Credibility and GLM analysis, males, deferred period 4 weeks. 
~nception~.  

Company .c. , Zj C .  S C.E.S.E. GL:M Err. .XE. 
0 ,  

"/D "10 % "0 

5.2 Further numerical results 
Results for the remaining nine combinations of Deferred Period and Sex are 
shown in Appendix C as Figures C 1 C 9  and Tables C l C 7 .  The Figures cor- 
respond to Figure 5 and the Tables correspond to Table 3c. The two tables for 
deferred period 1 week have been omitted to preserve the anonymity of the indi- 
vidual companies. Estimates of the structural parameters needed for the calcu- 
lation of the credibility factor are shown at the foot of each table. 

Points to note from these results are: 

(a) Some companies contribute little or no data to an experience. In such cases 
the GLM may produce a wild predicted value, as indicated by its standard 
error. An interesting example of this is company 7; females. deferred period 
52 weeks. The predicted value in this case is 2003% The standard error of 
this estimate is 2 X 104%, a clear indication of the usefulness of the esti- 
mate! The problem in this case is that not only does company 7 have 
very little data for females, deferred period 52 weeks hut also that for all 
combinations of Deferred Period and Sex, company 7 has data for only 
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one year. 1994. This means that the predicted value for I January 199 1 is 
very unreliable. This is due to the extrapolation referred to in Section 3.4. 
The fitted value for company 7 as at the mid-point of 1994 is 317.3% 
(s.e. 214%) so a more sensible estimate of the value for 1 January 1991 
would have been 317.3 X exp(3.5 X 0.0201) = 340.4%. Companies which 
have contributed no data are indicated by an asterisk in the GLM Est. 
column; companies which have contributed little data and for which the 
GLM produces a clearly wild value are indicated by a hash. GLM Est. 
values marked with an asterisk or a hash have been omitted from the cor- 
responding Figure. 

(h) The estimated value of E[s2(0,)]:' qm(O,)] is different for each combination of 
Deferred Period and Sex, and this value has a considerable influence on the 
credibility factor for a given company, as explained in Section 5.1. For 
example, the estimated value of ~[s ' (B,)] : '~rn(~~)]  for females, deferred 
period 52 weeks is 0.79. This means that any company expecting one or 
more claims from its females, deferred period 52 weeks policies in the 
eight year period l9871994 will have a credibility factor in excess of 0.5. 

6. C O N C L U S I O N S  

The statistical modelling revealed the following main features of our data: 

m No simple model adequately describes the data; several interaction terms 
were needed before a satisfactory fit was obtained. (See Section 3.1.) 

There had been a decreasing trend in Actual/Expected claim inceptions over 
the period 1987-94. Care needs to be taken over this conclusion. First of all, 
Year is included in the fitted model as a single covariate and in interactions 
with Company and Deferred Period. Secondly, there is evidence (Haberman 
and Walsh (1997)) that this feature may not have been present if we had ana- 
lysed data from a longer time interval. (See Sections 2.3.2 and 3.2. l.) 

m There was no indication of a relationship between the AIE value and a com- 
pany's size for any combination of Deferred Period and Sex. (See Section 
2.3.3.) 

Since Company is included in our model as a single Factor and in interactions 
with all the other factors, we are not able to identify andquantify a Company 
effect for PHI business. A crude exercise to illustrate this is to take the 
Crrd. Esl. values from Tables 3c, C2 and C3, to rank them in ascending 
order and to compare the rankings for any company. These rankings are 
shouzn in Table 4. While many companies maintain a stable 'market posi- 
tion', for example, companies 2, 8 and 13. others do not, for example, com- 
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panles 1, 5 and 6. When considering the information in Table 4, it should be 
borne in mind that some companies contributed little or no data to one or 
more of these three experiences. 

Table 4. Rankmgs for Cred Est. values. 

Company Males D4 Males U13 Males D26 

The two approaches we have taken to modelling our data do share some 
common ground; as explained in Section 1.3. However, there are some impor- 
tant diKerences between them, and where there are differences each approach 
has its strengths. The strengths of our GLM approach are: 

It uses all the available data in a unified way. (See Section 3.1.) 

It tests, statistically, whether the data are consistent with a given model struc- 
ture. (See Section 3.1 .) 

It can be used to calculate predicted values and standard errors for these pre- 
dicted values. As the fitted model fits the data reasonably well_ the standard 
errors are reliable. In cases where the standard error is small relative to the 
predicted value, normality can be assumed in order to produce approximate 
confidence limits. (See Section 3.3.) 

The major weakness of our fitted GLM is that it can produce clearly 
inappropriate predicted values for cells where there is little or no data. This is 
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a consequence of fitting a complicated model and having a large number of 
empty cells in the data. From an actuarial point of view this feature is unfortu- 
nate. For example, if company 2 were to decide to enter the males, deferred 
period 4 weeks market. the generalized linear model fitted in Section 3 would 
not predict a sensible value for its anticipated claim inceptions experience as 
compared to the standard basis. (In practice, company 2's reinsurer would 
have some useful advice to offer!) This difficulty could be reduced, or even elimi- 
nated. by choosing a simpler model, for example a model including main efiects 
only. (See Section 5.1 points (a) and (d).) 

The strengths of our credibility approach are: 

It  does not make any distributional assumptions. (See Section 4.2.) 

It  is intuitively appealing and can be easily accepted by non-experts. (See Sec- 
tion 4.1 .) 

0 It produces an estimate of the underlying claim inception experience for all 
combinations of Company, Deferred Period, Sex and Year. together with 
the standard error of this estimate. This estimate will always appear to be rea- 
sonable sincel rrom its very construction, it has to lie between the individual 
company mean and the overall mean for a given Deferred Period and Sex. 
(See Section 5.1 .) 

The disadvantages of our credibility approach are: 

It ignores all data except those for the particular Deferred Period and Sex 
being considered. (See Section 4.2.) 

It does not check whether the data are consistent with its assumptions. As the 
discussion in Section 4.4 shows. the credibility model adopted in Section 4 is 
consistent with a GLM which includes Year as a covariate, but not in any 
interaction terms. This model, which incorporates an overdispersed Poisson 
error structure; does not fit the data very well. Consequently the standard 
errors associated with the credibility estimates may be misleadingly small. 
(See Sections 4.4 and 5.1 point (d).) 
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APPENDIX A 

P 4 R A M E T F . R S  F O R  T H E  F l T l E D  G L M  

Note: all parameters are quoted to 5dp except for the slope parameters which 
are quoted to 8dp as these are multiplied by 1990.5 in our predictions. 

Table A l .  The Company terms: n, : i = 1,2, . . . , 18 

Term Parameter Value 

Company 1 
Company 2 
Company 3 
Company 4 
Company 5 
Company 6 
Company 7 
Company X 
Company 9 
Company 10 
Company I I 
Company 12 
Company 13 
Company 14 
Company IS  
Company 16 
Company 17 
Company 18 

Table A2. The Deferred Period terms: Nd: d = 1, 2. . . . . 5. 

Term Parameter Value 

DP I Lit +ll .34988 
DP 4 02 +63.79259 
DP 13 +3.36050 
DP 26 )% -17.11169 
DP 52 -61.39127 
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Table A3. The Sex terms: y,?: s = 1,2. 

Term Parameter Value 

Males 7 1  -0.26131 
Females 7 2  f0.26131 

Table A4. The Year (covariate) terms: d j :  i = 0, I 

Term Paramcrcr Valuc 

Constant 60 -51.81881 
Slopc 61 -0 02583780 

Table A5. The Company by Deferred Period mteraction terms: (a&,: 
i =  1 , .  . . . 18; d =  1 , .  . . , 5 .  

(<t,J),', 

Company 1 
Company ? 
Company 3 
Company 4 
Company 5 
Company 6 
Company 7 
c0mp;mny 8 
Company 9 
Company 10 
Company I I 
Company 12 
Company 13 
Company 14 
Company 15 
Company 16 
Company 17 
Company I8 
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Table A6. The Company by Sex interaction terms: (a-j),,: i = 1, . . . ,18; 
S = l ,  2.  

(D?)!, Males (S  = 1) Females (s =2) 

Company 1 
Company ? 
Company 3 
Company 4 
Company 5 
Company 6 
Company 7 
Company 8 
Company 9 
Company 10 
Company 11 
Company 12 
Company 13 
Company 14 
Company 15 
Company 16 
Company 17 
Company 18 

rable A7. The Company by Year interaction terms: i = 1. 2, . . . . 18 

Term Parameter Value 

Company 1 
Company 2 
Company 3 
Company 4 
Company 5 
Company 6 
Company 7 
Company 8 
Company 9 
Company 10 
Company I I 
Company l ?  
Company l 3  
Company 14 
Company l 5  
Company 16 
Company 17 
Company 18 
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APPENDIX C 

F U R T H E R  R E S U L T S  

I Xbar 
o Cred EEL 
o G1 M Eh1 
,-M& 1 

1 2 3 1 5 h 7 8 9 10 11 12 13 14 15 16 17 18 

Figure Cl. Males. deferred period 1 weck. inceptions. 
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L 2 J 4 S 6 7 8 4 10 11 12 13 l1 15 16 17 18 

Company 

Figure C?. Males, deferred period 13 weeks. inceptions. 

Table C l .  Credibility and GLM analysis, males, deferred period 13 weeks, 
inceptions. 

- 

Company X,  E;=[ E:, zh Cred C.E.S.E. G L M  S.E. 
% Est. YO 9; ET[. " o "/o 

Esrimares of the Structural Pararnrlers 

E[m(&)l 96.7"b 
E [I'(HJ] 1.359 
l+@,)l 0.047 
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300 
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20U 

o GLM Esf 

100 

50 ~ 
0 

1 2 3 4 5 6 7 8 9 l0 l1  I ?  13 13 l5  16 17 18 
Company 

Figure C3. Males, deferred period 26 weeks. inceptions 

Table C2. Credibility and GLM analysis, males, deferred period 26 weeks, 
inceptions. 

Esrirnales of the Structural Parameters 

E[m(ar)l 135.1% 
E[s2(&)I 2.443 
V [m(#,)] 0.061 
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1000,  l 
900 

-Xbw 
o Cred Esr 
o GLM E 9  
-Mean 
~p 

1 2 3 4 S 6 7 X 9 10 l1  12 13 14 l 5  16 17 18 
Cumpany 

F~gure  C4. Males, dcfcrred period 52 weeks, inccphons 

Table C3. Credibility and GLM analysis, males, deferred period 52 weeks. 
inceptions. 

- 

Company -K X:=, E:, Z, Crpd C.E.S.E. GLhl S E .  
v0 E."i "8 % Er1 5, % 

Estimates of the Structural Parameters 

E[m(&II 239.8% 
E[S'(O~)] 4.710 
W@,)] 0.311 
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1 

Company 

- Xbar 
7 Crul Eat 
D GLM Est 

Figure C 5  Fernalcs, deferred period I wcek, inceptions. 
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Company 

Figure C6. Fcmales. deferred period 4 weeks, inceptions 

Table C4. Credibility and GLM analysis, females; deferred period 4 weeks. 
inceptions. 

- 

Cornmny .K E; I Eh z, Cred. C.E.S.E. GLM I.E. 
% E.?[. % Est. Sn 0 .  /o  

Estirnatcs of the Structural Parameters 
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150 

o Crcd Elf 
o GLM Est 

I 1 3 4 5 h 7 8 9 L0 11 l 2  13 14 15 16 17 18 
Company 

Figure C7. Fcmales, deferred period 13 weeks, inceptions 

Table C5. Credibility and GLM analysis. females; deferred period 13 weeks. 
inceptions 

z, Cred. C.E.S.E. 
E.71. 9; ,,S 

A, 
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700 

,I Xhvr 
O CEd Ell 
o GLM Est 

1 2 3 4  5 6 7 8 9 10 11 I? 13 1 4 1 5  16 17 18 
Company 

Female CS. Females, deferred period 26 weeks. inceptions. 

Table C6. Cred~bility and GLM analysis, females. deferred period 26 weeks, 
inceptions. 

Company 

Estimate? of thc Structural Parameters 

rlm(U 380190 
4.796 
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Company 

Figure CY. Females, deferred period 52 weeks, incept~ons 

Table C7. Credibility and GLM analysis, females. deferred period 52 weeks. 
inceptions. 

Company E;=, .F; X ,  Cred. C.E.S.E. GLM S E .  
6 Err. % 94 E.sron  "& 

Estimates of the Structural Parameters 

E[m(HOl 616.6% 
E[s2(0,)1 7.768 
v [JO.)~ 9.874 
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AN A K A L Y S I S  O F  T H E  P H I  E X P E R I E N C E  O F  
I N D I V I D U A L  C O M P A N I E S  I N  T H E  U N I T E D  

K I N G D O M  11: C L A I M  T E R M I N A T I O N  R A T E S  

B'r  A A K O R A B I N S K I  A \ O  H K WATF.RS 

A B S T R A C T  

This paper is Part 11 of a series of two papers. In Part I we analysed Permanent 
Health Insurance claim inception rates. In this paper we analyse the PHI claim 
recovery and mortality rates for 18 UK insurers for the years 1987 to 1994, 
inclusive. The data relate to policies on individual lives, males and females, 
with deferred periods ranging from 1 week to 52 weeks. The data are described 
in Section 2. In Section 3 we analyse the mortality experiences of the companies. 
However, the mortality data are so sparse (only 966 deaths in total) that no sig- 
nificant differences between companies are detected. In Section 4 we fit a gener- 
alized linear model to the values of A / E  for the whole data set, where A is the 
actual number of recoveries and E is the expected number of recoveries accord- 
ing to a standard basis, in both cases aggregated over age. The modelling shows 
that Sex is not a significant factor for recovery rates, but that all the other main 
effects Company. Deferred Period and Year - are signilicanl, as a[-e the fol- 
lowing interactions: Company by Deferred Period and Company by Year. In 
Section 5 we consider separately the data for recoveries for each Deferred 
Period and we use the Biihlmann-Straub credibility model to estimate the cor- 
rect A E  value for a given company. In Section 6 we discuss our numerical 
results for recovery rates. In Section 7 we discuss some conclusions from our 
modelling of claim terminations. Finally. in Section X we present some pricing 
implications and other applications of the results in this paper and in Part I. 

In this paper we model the experiences of individual insurance companies in 
respect of their PHI claim termination rates. This paper follows broadly the 
same pattern as Part 1, where we modelled PHI claim inception rates. 

Our data, supplied by the CM1 Bureau_ are described in Section 2. A feature 
of PHI business in the UK is the prevalence of duplicate policies, i.e. two or 
more policies on a single life. This feature had to be allowed for in our modelling 
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of claim inception rates. See Part I, Sections 2 and 3. One of the important dif- 
ferences between this paper and Part I is that, as far as is possible, duplicate poli- 
cies have been removed from the data for claim terminations. However, our 
modelling in Section 4 indicated that there may still be some duplicate policies 
present in the recoverizs data. 

In general terms, our assumptions and aims in this paper are the same as 
those in Part I in respect of PHI claim inceptions. In particular, we assume 
that for a given company (i), deferred period (4, sex (S), and calendar year 
( J ] ,  there is a multiplicative fact~r,.f;~,,. such that: 

E [A;d.>jl = . f ; .d,~ . Ex!i 

where: 

Ardii is the actual number of recoveries or deaths for the combination (idsj), 
summed over all ages, and, 

Ejd.v. is the corresponding expected number of recoveries or deaths, calcu- 
lated according to the basis in C.M.I.R. 12 (1991). based on thc experi- 
ence of individual policyholders, males. Standard experience in the 
years 1975-78. 

Our aim in this paper is to estimate the factorsf;,,,. These factors are clearly 
relevant since they determine how an individual company should adjust the 
standard basis to take account of its own, possibly v-ery limited, experience 
and the experience of other companies. As in Part 1, we will use generalized 
linear models and credibility theory to estimate the factors. 

In Section 3 we analyse and model the mortality experience of the companies. 
The data are so sparse that they do not reveal any significant differences between 
the eighteen companies in respect of the mortality experience of their PHI 
policyholders. 

In Section 4 we fit a generalized linear model to the recovery rates. This is 
particularly useful as it indicates the structure of our data: i.e. which factors 
and interactions are significant. Our most important finding is that Sex is not 
a significant factor. This means that there is no difference between the recovery 
rates for males and females, or, more plausibly, that we have insufficient data to 
reveal n significant difference between the recovery rates for males and females. 
The other main effects, Company, Deferred Period and Year, are all significant, 
as are the following two interactions: Company by Deferred Period and Com- 
pany by Year. 

In Section 5 we consider the recovery data for each deferred period separately 
and use credibility theory to estimate the factorsf& for each company. Follow- 
ing the preliminary data analysis in Section 2 and the more detailed modelling in 
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Section 4; it was decided that, for the purposes of the credibility analysis. the 
data should be aggregated over Year and Sex. 

The numerical results of the modelling in Sections 4 and 5 are presented in 
Appendix B, Tables B1L4 and Figures B1-5, and discussed in Section 6. In Sec- 
tion 7 we discuss our conclusions from the modelling of claim termination rates 
in Sections 2-6. In Section 8 we present some applications of the results in this 
paper and in Part I; in particular, we illustrate briefly the implications of our 
results for premium rates for individual companies. 

2. T H E  D A T A  

2.1 The .struc/lrre ofthp data 
For both deaths and recoveries the data give the values of A,  the actual number, 
E, the expected number, and the resulting AIE ratio expressed as a percentage. 
As in Part I these are given for 18 companies, 5 deferred periods, both sexes and 
8 years. Potentially there are 1440 cells in a four-way table ior Company by 
Deferred Period by Sex by Year. However there are only 777 cells which contri- 
bute data for deaths and 828 cells which contribute data for recoveries. 

2.2 The unu~unt Q/' data 
There is a total of only 966 deaths over the 777 cells. Nearly half of the cells have 
no deaths and only 50 cells have more than five deaths. The sparsity of the mor- 
tality data is such that any analysis of deaths is very limited. (See Section 3.) 

There is a total of 18678 recoveries over the 828 cells. This will permit a rea- 
sonable analysis and so the bulk of this paper will concentrate on the recoveries 
data. The number of recoveries varies greatly over the different parts of the [our- 
way table. We illustrate these differences over Company and Deferred period in 
the same way as in Part I using Table 1 which is a two-way table of actual recov- 
eries aggregated over Sex and Year. As before an asterisk indicates that there is 
no business for that cell and the figures for deferred period 1 week are excluded 
from Table 1 to preserve the anonymity of companies. The total number of 
recoveries for deferred period 1 week is 12409, which represents over 66% of 
all the recoveries. 

From Table 1 it can be seen that, for deferred periods of 4 weeks and greater, 
two companies together (8 and 9) account for nearly 50% of the recoveries and 
fivecompanies (2.4; 14.15 and 18) each account for less than 1 Sb of the recoveries. 

2.3 E.uplorutory daca anu1ysi.s 
Before the detailed modelling we performed some initial data exploration for 
recoveries by producing similar plots as in Part 1. These are discussed belour. 
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Table 1 .  Aggregated claim recoveries by Company and Deferred Period 

Company DP 4 DP 13 DP 26 DP 52 DP 4-52 

All CO's 

Note: being aggregated over ycars, these numbers of recovcrics will depend on the number of years 
contributing ro each cell. 

2.3.1 Indivi~/nal company plors for recoveries 
These plots allow the comparison of the performance of an individual company 
with the performance of other companies, including and excluding its own. This 
is achieved by plotting A/E% against Year with approximate two-standard- 
error limits. The approximate standard errors for A/E% are calculated using 
the following formula: 

100 
s.e. = - 

which is based on a Poisson model of recoveries without the use of any 'variance 
inflation factors'. For cases in which the observed number of recoveries is small, 
the use of these approximate two-standard-error limits is very crude but still 
instructive for exploratory purposes. 

The figures displayed here arc for companies 16 and 7, which are different 
companies to those used in Part I .  They have been chosen to represent a large 
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company and a smaller company for males deferred period 13 weeks which 
again is a ditferent segment from that used in Part I. Figures l a  and l b  are 
for company 16, which is the largest company for males, deferred period 13 
weeks. Accordingly Figure Ih, which incorporates 'other companies' rather 
than 'all companies', will he of greater value as company 16 will make a consid- 

l 
I I I I I I 

1987 1988 1989 1990 1991 1992 1993 1994 

Year 

Figure la. CO 16:All co's: Males; DP13: Recoveries A/E% with 2se limits. 

Figure lb. CO 16:Other co's: Males: DP13: Recoveries A/E% uAh 2se limi~s 
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Figure 2. CO 71All m's: Males; DP13: Recoveries A/Eo/h with 2se limits 

erable contribution to the 'all companies' data. Company 16 would note that its 
own A/E% values are consistently greater than those for the other companies 
throughout the eight year period. This is a strong effect as there is very little 
overlap in the two-standard-error intervals for several years. 

The next figure (Figure 2) is for company 7, again for males, deferred period 
13 weeks. In contrast company 7 is one of the smaller companies and this is 
reflected in the much wider two-standard-error limits for its own data. The 
fact that the 'all company' intervals all lie comfortably within those for com- 
?any 7 suggests that company 7 shares the same experience as all companies. 

2.3.2 Year effkctpplot for recnveuies 
Figures 1 and 2 indicate how A/E% varies by Year. We investigate this further 
and see whether there may be a time trend that needs to be removed in the cred- 
ibility approach in Section 5. Figure 3 gives a plot of the Actual recoveries, the 
Expected recoveries (both divided by 30 for the convenience of the plot) and the 
value of A/E% for each Year, aggregated over Company, Deferred Period and 
Sex. While both A and E show a decreasing trend, A/E% does not display any 
evidence of a time trend, unlike the decreasing trend found for the inceptions 
data in Part I .  As a result the credibility approach in Section 5 will not require 
any trend removal. We also produced similar plots for each of the ten Deferred 
Period and Sex combinations but there was no evidence of a time trend in any 
case. 
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L 1989 1990 1991 1992 1993 1994 

Year 

Figure 3. Actual and Expected Recoveries. 

I 
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E 

F~pure 4. Recoveries A/Eo% plotted againsl E for Males, DP13. 
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2.3.3 Thc efec t  of conlpany sizefor recoveries 
As in Part I we explored the possibility of a relationship between a company's 
experience (AIE) and its 'size' in a particular segment of the market, i.e. for a 
particular comhination of Deferred Period and Sex. We measured 'size' by 
the expected number of claim inceptions according to the standard basis, E. 
We plotted ten graphs of AiES' against E, one for each comhination of 
Deferred Period and Sex. These graphs generally showed little evidence of 
any relationship between experience and size. In three cases there was a slight 
suggestion that A / E  increased with E. Figure 4 shows the graph for one of 
these cases, males_ deferred period 13 weeks. However the slight evidence of a 
relationship here is due to the cluster of 7 points on right hand side of the 
plot and these all relate to company 16. Without these points there is no evi- 
dence at all of a relationship. Also the approximate standard errors associated 
with these points will he very wide (as in Figures 1 and 2) and so the evidence of 
a relationship is very weak. Therefore we concluded that there was no real evi- 
dence that experience was related to size in a given segment of the market. 

3 A G F N F R A L I l F n  L I N E A R  M O D E L  F O R  d , E  k O R  D E A T H S  

3.1 Tlzr mod ell in^ process 
As in Part I the basic form of the model for claim terminations by death is as 
follows: 

A ,  - Poi,won (p,,) 
where: 

Taking logs we have: 

where log(&) is modelled as a linear expression. 
In the GLM modelling of the mortality data the first point to note is that the 

null model (i.e. with no factors included) gave a good fit with a residual deviance 
of 686 on 776 degrees of freedom (do. However inclusion of the two factors; Sex 
and Deferred Period, and the covariate, Year. significantly improved the fit. 
Therefore the final fitted model incorporated these three terms and gave a 
very good fit with a residual deviance of 645 on 770 df. There was no evidence 
of overdispersion with the residual mean square (RMS) being below 1 at 0.97. 

Since Company is not a significant factor in the analysis of mortality and 
since the main objective of our analysis concerns the comparison of companies; 



there is no need to report further on the mortality experience. However we will 
use a simple model for mortality in the final section in which we consider pre- 
mium rates. To this end we must specify a GLM for deaths which can he 
used for these calculations. Before doing so we note that the addition of a quad- 
ratic term for Year also improved the fit. Table 2 is a one-way table of aggre- 
gated A/E percentages for each Year calculated from the observed mortality 
data. Note that the general trend is a decrease but with a sizeable increase in 
the final year which accounts for the quadratic term. We decided to adopt the 
simpler model with a linear term for Year. This will be adequate for our require- 
ment of calculations as at 1 January 1991 in Section 8 but we would caution 
against the use of this model, or the quadratic model, for predictions beyond 
1994. 

Table 2. Deaths - observed A/E percentages for Year. 

1987 1988 1989 1990 1991 1992 1993 1994 All 
Years 

3.2 Thefitted model 
As described above the fitted model incorporates: 

the factor Deferred Period with 5 levels 

the factor Sex with 2 levels 

the covariate Year 

Symbolically the linear model is of the following form: 

where: 

ad is the Deferred Period tern: d = 1, . . . , 5 

3 ,  is the Sex term: s = 1 , 2  
j represents Year: j = 1987 to 1994 
& is a constant term 
&, is the slope coefficient for Year 

As before we use the common (summation) parameterisation. The complete 
set of parameters is given in Appendix A. 
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Table 3a. Deaths - fitted A/E percentages for Sex. 

M d c  Female Both Sexes 

66 46 63 

Table 3b. Deaths - fitted A/E percentages for Deferre 

DP I D P 4  DP 13 DP 26 DP 52 All DPs 

3.3 Description of the effects 
To complete our description of the GLM modelling of mortality we describe the 
effects due to the two factors, Sex and Deferred Period, by giving the two one- 
way tables of aggregated AIEpercentages calculated using the fitted values from 
the model. These are given as Tables 3a and 3b. The figures speak for them- 
selves. 

4 A G F N F R k L I Z E D  L I N E A R  M O D t L  b O R  4 E F O R  R E C O V E R I E F  

In this section we describe the fitting of a generalized linear model to the actual 
number of recoveries for each cell in our data, our primary purpose being to 
investigate the structure of the data. As in Part I for inceptions this was carried 
out using Splus. However due to the presence of over-dispersion we had to use a 
negative binomial error structure instead of the Poisson error structure. 

4.1 The nzodelling proccv 
The data provided were such that duplicates should have been eliminated as far 
as possible. Accordingly we set out to model using a Poisson error structure as 
in Part I for inceptions but without any '%ariance-inflation factors". However 
the modelling quickly showed that there was still substantial over-dispersion 
present. In particular a model including two interaction terms resulted in a resi- 
dual deviance of 869 on 735 degrees of freedom (which is a bad fit) and a resi- 
dual mean square of 1.32 (which, being considerably greater than 1, indicates 
the over-dispersion). A common solution for modelling over-dispersed Poisson 
data is to use a negative binomial error structure. This is based on a Poisson dis- 
tribution for Ajds, conditional on some unobserved random variable B which has 
a (one-parameter) gamma distribution incorporating a parameter B. See Ven- 
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ables and Ripley (1994). Thus the form of the model is: 

where: 

which results in: 

In order to permit the same form of model selection procedure it was neces- 
sary to pre-determine the parameter H for the negative binomial distribution 
being used. We did this by fitting a main effects model (with no interactions) 
using the Poisson error structure and examining the resulting residuals. If the 
Poisson structure were valid, the variance of the residuals should be the same 
as the mean throughout the range. We subdivided the data into about twenty 
equal-sized groups using the scale of the fitted values and computed the variance 
of the residuals and the mean of the fitted values for each group. This indicated 
clearly that the variance exceeded the mean as required for Lhe Poisson and that 
a negative binomial with parameter B = 240 fitted the pattern quite well. 
Accordingly we proceeded to select a model using forward selection with this 
error structure. 

This led to a chosen model which included Company, Deferred Period and 
Year (but not Sex) and two interactions, Company by Deferred Period and 
Company by Year. This model gave a residual deviance o r  781 on 735 which 
represents quite a good fit. 

4.2 Thejittrdnzodc.1 
As described above the fitted model incorporates: 

0 the factor Company with 18 lexels 

0 the factor Deferred Period with 5 levels 

0 the covariate Year 

0 the mteraction between Company and Deferred Period 

0 the interaction between Company and Year 

Symbolically the linear model is of the following form: 
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where: 
7;  i s t heCompany te rm: i= I  , . . . , l 8  
6,) is the Deferred Period term: d = 1, . . . , 5 
j represents Year: j = 1987 to 1994 

is a constant term 
6, is the slope coefficient for Year 

is the Company by Deferred Period interaction term 
Ei is the Company i slope coefficient for Year 

As in Part I we used the common (summation) parameterisation. Here there are 
108 estimable parameters but 15 are aliased due to the data being incomplete 
(only 828 of the 1440 possible cells have data). The complete set of parameters 
is given in Appendix A. Again the complexity of the model does not allow a 
simple description of the different effects which influence the response AIE. but 
we describe these effects in the following subsections in the most convenient 
way possible. 

4.3 The Year effect 
The Year effect is complex due to the presence of a Company by Year interac- 
tion. If we adopt the same strategy as in Part I and describe the year effect using 
a simpler model without the interaction term, this results in a decreasing trend 
of less than I % per year. Exploring the Year effect for separate companies we 
find that 10 companies indicate a decreasing trend and 7 an increasing trend 
(excluding company 14 which had no recoveries). Company 1 has the strongest 
evidence of a trend and it is a decreasing trend of about 20% per year. However 
this is based on only 272 recoveries over the eight year period and this represents 
less than 1.5% of the total recoveries. Companies 8 and 10 account for nearly 
77% of the total recoveries between them but there is no real evidence of a 
trend in either. 

4.4 The Con~pany and Dcferred Period eJ$ects 
The Company and Deferred Period effects are described using Table 4 which is a 
two-way table of aggregated AIE percentages calculated using the fitted values 
from the model. As in Part I these have been calculated as at I January 1991, the 
mid-point of the data collection period. As before care should be taken when 
interpreting this table due to the differing amounts of data in the cells. In parti- 
cular note that companies 8 and 10 between them account for over 36% of the 
recoveries for deferred periods of 4 weeks or greater, whereas companies 2, 4. 
14: l5  and 18 account for less than 1% between them. An asterisk in Table 4 
indicates that there is no data for that cell. Individual company values for D P  
1 are not shown in Table 4 in order to preserve the anonymity of the companies. 
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Some features concerning Company and Deferred Period obtained from 
Table 4 are: 

The overall AIE is 8 1 % and for individual companies A/E ranges from 0% to 
98%. 

The overall A / E  profile with respect to Deferred Period is a substantial drop 
from DP 1 to the other D P  values. 

Concentrating on the largest five companies, three show a sizeable decrease 
from DP  4 to DP 13 while the other two show little change. and two show a 
sizeable increase from DP 26 to DP  52 while another shows a sizeable 
decrease. This is the "interaction". 

4.5 Prediction using thefitted CLM 
We reiterate the point made in Part I that prediction is a secondary purpose of 
the GLM especially when it is being used to predict in cells for which there is 
little or no data. Such extrapolation may result in unreliable values, which 
will be indicated by the relatively large size of the associated standard errors. 

Table 4. Fitted A / E  percentages for Company by Deferred Period 

Compdny DP I DP 4  DP 13 DP 36 DP 52 All DPs 

1 
2 
3 
4  
5 
h 
7 
8 
9 

10 
11 
12 
13  
l4  
I 5 
I h 
17 
l  8 

All Co.'s 
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5.  A C R E D I B I L I T Y  M O D E I .  F O R  A:,? F O R  R E C O V E R I E S  

We used the Biihlmann-Straub credibility model to estimate, separately for each 
deferred period, the value of AIE for recovery rates for a given company. The 
basic model assumptions, method and parameter estimation are all as described 
in Part I, Section 4. and are not repeated here. Slight differences between our 
credibility analysis of recovery rates in this paper and the analysis of claim 
inception rates in Part I are: 

(a) The expected number of recoveries has not been adjusted to take account of 
any time trend. as was the case for expected claim inceptions in Part I, Sec- 
tion 4. This is because our preliminary data analysis in Section 2 did not 
indicate any significant time trend in recovery rates. 

(b) For each deferred period. the data for males and females have been aggre- 
gated for the credibility analysis. This is because the modelling in Section 4 
showed that there was no significant difference between the experiences of 
the two sexes in respect of recovery rates. 

Hence, for the purposes of our credibility analysis, the multiplicative factors 
j&,, in the notation of Section 1. are functions of company ( I ]  and deferred 
period (d) only. i.e. they do not depend on sex (S) or calendar year (1). 

The numerical results of the GLM and credibility modelling for recoveries are 
summarised in Appendix B as Figures B1 --B5 and Tables B I B 4 .  These figures 
and tables are in the same format as the corresponding results for claim incep- 
tions in Part 1; i.e. Figures Cl-C9 and Tables ClLC7. A detailed explanation of 
these figures and tables is given in Section 5.1 of Part I 

As in Part I, no table of results for recoveries is given in Appendix B for 
deferred period 1 week; results for deferred period 1 week are shown only in 
Figure B1. This is to preserve the anonymity of the contributing companies. 

Note that the results for recoveries in Appendix B are for males and females 
combined. This is because the modelling in Section 4 failed to reveal significant 
differences between the sexes in terms of recovery rates. 

Finally, note that in Tables BlLB4 an asterisk against the GLM Esl, value 
indicates that the company has no data for the given deferred period and a 
hash indicates that it has little data. In these cases the GLM may produce a 
wild value, as indicated by its standard error, and the GLM Est. value has 
not been included in the corresponding figure. 
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7. C O N C L U S I O N S  F R O M  T H E  M O D E L L I N G  O k  C L A I M  

T E R Z I I X - A T I O N  R A T E S  

The statistical modelling of mortality rates revealed the following main features 
of our data: 

0 A model incorporating Deferred Period and Sex as factors and Year as a 
(linear) covariate term, with a Poisson error structure, adequately described 
the data. (See Section 3.1 .) 

0 The data did not indicate significant differences between the companies in 
terms of their mortality experiences. (See Section 3.1 .) 

The exploratory data analysis and statistical modelling of the data for recoveries 
revealed the following main features of our data: 

0 Our exploratory data analysis did not indicate any time trend for recovery 
rates. However, our fitted model included Year as a covariate and an inter- 
action term between Company and Year. (See Sections 2.3.2 and 4.3.) 

0 There was no real evidence of a I-elationship between a Company's share of a 
given segment of the market and its 4 / E  experience for recoveries. (See Sec- 
tion 2.3.3.) 

0 A Poisson error structure was found to he inappropriate for the data and so 
we used a negative binomial error structure. This could be because the data 
still contain substantial numbers of duplicate policies. (See Section 4.1.) 

0 A satisfactory fit to the data was achieved by a model with Company and 
Deferred Period as factors, Year as a covariate and interaction terms between 
Company and Deferred Period and between Company and Year. (See Sec- 
tion 4.1 .) 

0 The data did not indicate any significant diferences belwccn males and 
females in respect of recovery rates. (See Section 4.1.) 

The strengths and weaknesses of generalized linear models and credibility models 
in terms of explaining the structure of the data and in terms of prediction have 
been discussed in detail in Section 6 of Part I. The points made there, in relation 
to our modelling of claim inception rates, remain valid here in relation to our 
modelling of recoveries. One of the weaknesses of the credibility approach was 
that it did not check whether its model assumptions were reasonable. In Part 1, 
our credibility model was consistent with a model, the 'simple model', which 
did not fit the data very well. The same 'simple model' was considered in the 
model selection process for recoveries and foulid to be a very poor fit. 
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In this Section we present some applications of the results in Parts 1 and 11. 

8.1 Premium rates 
As a simple illustration of the relevance of the work in this paper and in Part I, 
Table 5 shows net premium rates for a policy with deferred period 4 weeks for a 
male and for three different ages at entry. For all calculations: 

the policy ceases at age 65, or on death, if earlier, 

the premium rate shown is for a benefit amount o f f  1,000per annum payable 
continuously, 

premiums are paid continuously while benefits are not being paid, 

the interest rate is 6'/0 per annnz. 

all premium rates have been calculated as at 1 January 1991, the mid-point 
for our data set. Recall that our models for both claim inceptions and mor- 
tality incorporate a time trend, whereas our credibility model for recovery 
rates does not. 

All the premium rates in Table 5 have been calculated using the multiple state 
model described in C.M.1.R 12 (1991). The parameterisation of that model 
given in C.M.I .  R. 12 (1991; Parts B and C) is our standard basis and this stan- 
dard basis has been adjusted to take account of the experiences of all companies 
or  of individual companies. More details of the calculation of the premium rates 
in Table 5 are provided in Appendix C. 

The All CO's experience premium rates in Table 5 have been calculated by 
adjusting the sickness inception intensity so that claim inceptions are 77.8% 
of standard (see Part I, Section 5.1) and the recovery intensity is 63% of stan- 
dard (see Table B!). These adjustments are based on the experience of all com- 
panies in the period 1987-1994. Corresponding figures are published by the 
CM1 Bureau as A:E ratios for claim inceptions and recoveries (see C.M.I .R.  
15, Tables 2 ,  3, 4, 5 and 6). 

Now consider company 4. From Table 3c in Part I and from Table Bl ,  it can 
be seen that Company 4's claim inceptions have been 46.3% of standard and its 
recoveries have been 27% of standard. Using these adjustments we obtain the 
premium rates shown as Co.  4 ' , ~  o w  rxperience in Table 5 .  These premium 
rates are considerably higher than the A N  Co's experience premium rates, the 
reason being Company 4's very poor experience for recoveries. However, Corn- 
pany 4 expected only 43 claims (see Part I, Table 3c) and 48 recoveries (see Table 
Bl)  in the period 1987-1994. This is not a large amount of data on which to 



Claim Terminution Rutes 167 

establish a premium basis. The credibility analysis in this paper and in Part I 
shows us how to weight the all Companies experience with Company 4's own 
experience to obtain more reasonable adjustments for Company 4. These 
adjustments are: claim inceptions 63.2% of standard (Part 1. Table 3c) and 
recoveries 51.8% of standard (Table BI). Using these adjustments we obtain 
the Co. 4 credibility weighted premium rates in Table 5 ,  which are much 
closer to the AN Co'.s experience rates. 

Company 16 provides an extreme example. The adjustments based on its 
own experience are: inceptions 78.9% of standard and recoveries 144.7% of 
standard. Using these adjustments results in very low premium rates_ as can 
be seen in Table 5.  These adjustments are based on almost no data: 8 expected 
claim inceptions and 8 expected recoveries in an 8-year period. In these circum- 
stances it would be reasonable for Company 16 to use a premium basis closer to 
the experience of all companies. The credibility based adjustments for Company 
16 incep t ions  77.9Y0 of standard and recoveries 68.4% of sbandard - meet this 
need and give premium rates much closer to the All Co'.y experience rates in 
Table 5.  

Finally, consider company 8. This company has a large amount of data in 
relation to the data for all companies (2.485 expected inceptions and 2,016 
expected recoveries) and so the credibility based adjustments (inceptions 
82.2% of standard and recoveries 72.0% of standard) are very close to the 
adjustments based on its own experience (inceptions 82.3'%, of standard and 
recoveries 72.5% of standard). The result is that the Co. 8 credibilic weighled 
premium rates are much closer to the Co. 8's own experience premium rates 
than to the All CO' .~  cjxperience rates. 

Table 5.  Premium rates for males, deferred period 4 weeks 

Initial age 

All Co.'s ernerience 
Co. 4's own cxpzriene 
Co. 4 credibility weighted 
Co. 16's own experience 
Co. 16 credibility wighted 
Co. 8 s  own experience 
Co. 8 credibility weighled 
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8.2 Corrc~lurions between claim inception arid claim recovery experiences 
It is of some interest to explore the relationship between the claim inception and 
claim recovery experiences for individual companies for a given deferred period. 
Table 6 shows for each of the five deferred periods the correlation coefficient 
between the Crpd Est. values for claim inceptions for males (Part I, Tables 3c 
and Cl-3) and for recoveries for males and females (Part 11, Tables RI-4). 
(Note that the relevant Cred. Est. values for deferred period 1 week have not 
been presented in either Part I or Part 11.) Also shown in Table 6 for each 
deferred period are the number of companies contributing to the calculation 
of the correlation coefficient: companies with no data for either inceptions or 
recoveries have been excluded. 

There are good reasons for treating the correlation coefficients in Fable 6 
with some caution: the companies have very different amounts of data so that 
the Cred. E.vt. values have varying accuracies; because we are using the 
Crcjd. Est. values, different pairs of observations are not independent of each 
other; the experience for deferred period 1 week is dominated hp a very small 
number of companies, so that most of the eight companies contributing to 
this correlation coefficient will have Cred. Ext. values close to the average for 
all companies (see Figure C1 in Part I and Figure BI in Part 11). In particular 
we would caution against any inference concerning these "sample" correlation 
coefficients. 

Nevertheless, the values in Table 6 give some idea of the association between 
the claim inception and recovery experiences for individual companies. A posi- 
tive value Tor the correlation coeficient indicates that a higher (resp. lower) than 
average A/E ratio for claim inceptions is associated with a higher (resp. lower) 
than average A / E  ratio for recovery rates. Similarly, a negative value for the cor- 
relation coefficient indicates that a higher (resp, lower) than average A/E ratio 
for claim inceptions is associated with a lower (resp. higher) than average AIE 
ratio for recovery rates. 

Table 6. Correlat~ons between claim inception and claim recovery 
experiences. 

Deferred period Corr. coef. No. of C O ' s  

I week 
4 weeks 
13 weeks 
26 weeks 
52 wceks 
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An interesting feature of Table 6 is that the correlation coefficients decrease as 
the deferred period increases. This is consistent with an interpretation that 
insurers with a liberal approach to claims admittance on short deferred periods 
will tend to admit extra "minor ailments" which will tend to have high recovery 
rates urhilst insurers with a more liberal approach to claims admittance on longer 
deferred periods are likely to admit the type of ailments that can cause difficulties 
in terms of early recovery. Examples of the latter will include mental illness, heart 
conditions and back problems, where there can he a debate about whether an 
individual is sufficiently disabled to be a valid claim. However, once these 
claims are admitted it is very difficult to prove that an individual's condition 
has improved sufficiently to enable the insurer to terminate the claim. 

The authors are grateful to the Faculty of Actuaries and the Institute of Actu- 
aries for financial support, to the CM1 Bureau for supplying the data for this 
project and to the PHI Sub-Committee of the CM1 Bureau, Mr Roger Black- 
wood, Dr lain Currie, Professor Ragnar Norberg and Professor David Wilkie 
for very helpful comments at various stages of this project. 
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APPENDIX A 

P A R A M E T E R S  k O R  T H E  F I T T E D  G L M S  

Note: all parameters are quoted to 5dp except for the slope parameters which 
are quoted to Ydp as these are multiplied by 1990.5 in our predictions. 

Al .  GLM for deaths 

Table A l .  The Deferred Period terms: ad:  d= l. 2, . . . , 5 

Term Parameter Value 

Table A2. The Sex terms: 0,: s = 1. 2. 

Term Parameter Value 

Malc 31 +0.19880 
Female j.2 -0.19880 

Table A3. The Year (covarlate) terms: 0,: i= 0, I 

Term Parameter Value 

Constan1 0 0  +67.50424 
Slope 01 -0.03422271 
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A.2 GLMfor uecoverces 

Fable A4. The Company terms: 7,: i = 1 . 2 ,  . . . . 18. 

Tern Parameter Value 

Company I 
Company 2 
Company 3 
Company 4 
Company 5 
Company h 
Company 7 
Company 8 
Company 9 
Company 10 
Company l I 
Company I2  
Company 13 
Company 14 
Company 15 
Company 16 
Company 17 
Company 18 

Table A5. The Deferred Period terms: 6~ d =l .  2, . . . , 5 

Term Parameter Value 

Table A6. The Year (covariate) terms: U,: i = 0. 1 

Term Parameter Value 

Constant Yo +22.65540 
Slope V'. , I  -0.01229255 
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Table A7. The Company by Deferred Period interaction terms: 
($),,,: i =  l , .  . . , 18; d =  l , .  . . , 5 .  

Company 1 
Cumpany 2 
Company 3 
Company 4 
Company 5 
Company 6 
Company 7 
Company 8 
Company 9 
Company 10 
Company I I 
Company 12 
Company 13 
Company 14 
Company l i  
Company 16 
Company 17 
Company 18 

Table AX. The Company by Year interaction terms: c,: I = I ,  2, . . . . 18. 

Term Parameter Value 

Company 1 
Company 2 
Company 3 
Company 4 
Company 5 
Company 6 
Company 7 
Company 8 
Company 9 
Company l 0  
Company I1 
Company 12 
Company 13 
Company 14 
Company 15 
Company 16 
Company 17 
Company I8 
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APPENDIX B 

N U M E R I C A L  R E S U L T S  

cornpay 

Figure B1. Males and females. deferred period 1 week; recoveries. 
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Figure B2. Males and females; deferred period 4 weeks. recoveries. 

Table B1. Credibility and GLM analysis, males and females, deferred period 
4 weeks, recoveries. 

- 

Conlpan j X, c;=] E,, z, Cred. C.E.S.E. GLM S E .  
"6 E.st % ESI.  % % 

Estimates of the Structural Parameters 

E[m(O.)] 63.0% 
E [J~(oJI 1.121 
10Wl 0.011 
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Figure B3. Males and females, deferred period 13 weeks, recoveries. 

Table B2. Credibility and GLM analysis. males and females, deferred period 
13 weeks, recoveries. 

Company .\; ~ ~ l ~ j ,  1, C r d  ('.E.S.E. GLM S T .  
"4, Esl. % Est. % "10 

Estimates of the Structural Parmeters 
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Figure B4. Males and females, deferred period 26 weeks, recoveries. 

Table B3. Cred~bility and GLM analysis. males and females, deferred period 

Company 

26 weeks. recoveries. 

Xi Crcd C.E.S.E. 
Es1. 4.0 96 

0.740 59.7 6.0 
0.360 45.0 9.4 
0.692 43.9 6.5 
0.170 43.9 10.7 
0.356 46.7 9.4 
0.494 52.2 8.3 
0.384 47.4 9.2 
0.836 46.3 4.7 
0.801 42.3 5.2 
0.522 41.0 8.1 
0.41 1 55.6 9.0 
0.225 461 10.3 
0.513 48.1 8.2 
0.032 49.1 11.5 
0.653 44.9 6.9 
0.855 70.1 4.5 
0.397 45.0 9.1 
0.234 52.2 10.3 

Estimates of the Structural Parmxte rs  
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F~gure B5. Males and females, deferred period 52 weeks. recoveries 

Table 84. Credibility and GLM analysis, males and females. deferred period 
52 weeks, recoveries. 

U, XL E,, 2, Cred. C E S E  GLM S.E. 
'Yo Eir.  55 Err.",/n 

Eslimatcs of the Structural Parameters 
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APPENDIX C 

P R E M I U M  C A L C U L A T I O N S  I \  S E C T I O N  8 

Using the notation of C.M.I.R. 12 (1991, Part D, Section 7). let: 

-HH 
% E I  denote the expected present value of an annuity payable continu- 

ously while healthy at rate 1 per annnnz from age x for at most n 
years to a healthy life aged X. 

H S ( o / b )  a - 
X:"I 

denote the expected present value of an annuity payable continu- 
ously while sick with duration of sickness between a and a+h 
weeks at rate 1 per unnunz from age x for at most n years to a 
healthy life aged X. 

Then the annual premium rate for a policy with deferred period 4 reeks and 
benefit rate f 1;000 per annuni is P, where: 

To  calculate these annuities we must specify the transition intenslties. We will 
use the following notatlon for the parameterisations of the transition intensities 
produced in C.M.I.R 12 (1991, Parts B and D): 

a the sickness inception intensity at age x; 
L the mortality from healthy intensity at age x, 
p , ,  the recovery intensity at age x and current duration of sickness z years, 

and, 
U the mortality from sick intensity at age X and current duration of sick- 

ness s years. 

These intensities, and the given parameterisations, have formed our "standard 
basis" throughout this paper and Part I. 
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Now suppose we wish to calculate the premium rate for a single company or 
for all companies where claim inceptions should be 100 n, % of standard and 
recoveries should be 100 a, % of standard. Then the annuity values in the 
formula for P should be calculated using the transition intensities U*,, p*,. 
p* ,,, and U* ,,. where: 

U*i = U ,  U x  

p*r = 11- 
p*i.= = PX,Z for z < 4/52.18 
p*,, = n ,  p,,, for z > 4:'52.18 

= vX,= for z < 462.18 
U*,,, = kds,*. u . ~ , ~  for z > 4152.18 

Note that to produce the required recovery intensity, p*..;; the standard inten- 
sity is multiplied by the factor n~ for durations of sickness beyond the deferred 
period only. Note also that the mortality from sick intensity, U*,,,, is a multiple 
of the standard intensity for durations of sickness beyond the deferred period. 
In this case the multiple, kd, , , ,  is a function of deferred period, sex and calendar 
year, but not of individual company. This follows from the modelling described 
in Section 3. For deferred period 4 weeks, males as at 1 January 1991, the value 
of Ic,,, ,  is 0.9857, and this factor has been used to adjust the standard mortality 
from sick intensity for the calculation of all the premium rates in Table 5. 



C.M.I.R. 17, 219 Table B1 should read: 

Table B1. Retirement annuitants. males 

Age r 

17 
18 
I9 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
3 1 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

Deferred 
RMD92 

0.000400 
0.000399 
0.000398 

0.000398 
0.000398 
0.000400 
0.000402 
0000406 

0.00041 1 
0.000418 
0.000426 
0.000437 
0.000450 

0.000466 
0.000486 
0.000509 
0.000536 
0.000569 

0.000607 
0.000651 
0.0007113 
0.000763 
0.000R32 

0.000Y12 
0.001003 
0.001 107 
0.001226 
0.001362 

181 

RMD92 and RhIC92 values of y, 

Combined 
RMC92 

0.000401 
0.000401 
0.000401 
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Table B 1. (Continued). 

Age A Deferred 
RMD92 

0.00l5lS 
0.001688 
0.001883 
0.002103 
0.002349 

Combined 
RMC92 

0.001589 
0001767 
0.001969 
0.002196 
0.002452 



Sickness Experience 1991-94for indi>,iduul PHI Policies 183 

Table B 1. (Continued). 

Age x Deferred Combined 
RMD92 KMC92 

80 0.063767 
8 1 0.069756 
X? 0.076213 
83 0.083160 
84 0.090623 

85 0.098625 
86 0.107189 
87 0.116337 
X8 0.126091 
89 0.136470 

90 0147491 
91 0.15Y110 
92 0.171520 
93 0.184549 
94 0 198265 

95 0.21?671 
96 0.227764 
97 0.243139 
98 0.259986 
99 0.277089 

100 0.294827 
101 0.313175 
102 0.332100 
103 0.351567 
104 0.371532 

105 0.391947 
106 0.412761 
107 0.d339 16 
108 0.455319 
109 0.476996 

l l0 0.498787 
111 0.5?0651 
I I? 0.542516 
l13 0564306 
114 0.585948 

115 0.607369 
116 0.628496 
117 OM9259 
118 0.669594 
119 0.689438 

120 1.000000 
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C.IM.I.R. 17, 222 Table B2 should read: 

Table 82. Retirement annuitants, females RFD92 and RFC92 values of q ,  

Age r Combined 
RFC92 

0.000189 
0.000195 
0.000201 

0.000208 
0.000216 
0.000224 
0.000234 
0.000245 

0.000256 
0.000270 
0.000284 
000030l 
0.000319 
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Table B2. (Continued) 

Age x 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
X? 
83 
84 

Deferred Combined 
RFD92 RFC92 

0.001777 0.001853 
0.00l960 0.002048 
0.002160 0.002264 
0.002379 0.002505 
0.002619 0.002713 
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Table B2. (Continued). 

Age X Deferred Combined 
RFD92 RFC92 

85  0.071467 
86 0.079238 
87 0.087816 
88 0.097273 
89 0.107689 
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