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THE LIFE OF AN ACTUARY IS INTROSPECTIVE, retrospective, and prospective in a seemingly con-
tinuous cycle. A typical actuary looks at historic information, makes assumptions about trends in 
this historic information, and uses these assumptions to predict what will happen in the future. As 

the future becomes the present and then the past, the new data are added to the experience and the study is 
repeated. The theory is that, over time, the future predictions become more accurate and that better deci-
sions can be made based on these predictions.

The Future of Historic Studies

The typical method of presenting results from such a 
study is through tables and charts that show the results (out-
puts) against the inputs—the most common being “actual” 
vs. “expected.” (More about this simple method later.)

In the future, actuaries will need to move away from 
these simple types of tables and charts that present results 
but don’t really explain them. Companies are starting to ask 
different questions. No more are answers to questions such 
as, “Are the results as expected?” adequate. Companies are 
starting to go further and ask, “Why are the results differ-
ent from expected?” and “What can we do about it?” or 
“How can we profit from this?” or even “What impact will 
mortality have on our new Earnings at Risk measure?”

This article recaps the traditional method actuaries have 
been using before moving on to techniques that can pro-
vide answers to some of these other, harder questions. We 
concentrate on life insurance mortality to help illustrate 
the possibility of a paradigm shift. We could have focused 
on auto claim frequency and severity, positive responses 
from direct-mail campaigns, or fraudulent claim detection 
as well.

Traditional Methods
Life actuaries measure mortality by directly calculating 
deaths divided by exposure or by comparing the number 
of people who actually die each year with the number of 
people who are expected to die each year. The expected 
number of deaths is usually obtained from a mortality table 
where the mortality rate (the probability of dying) changes 
with age, sex, and smoker status. If the chance of dying is 
0.7 percent for, say, a male aged 30, and the study contains 

30,000 such people, then the expected number of deaths 
is 30,000 x 0.7 percent, or 210. We then tally up the ac-
tual deaths from the 30,000. Let’s say we get a total of 195 
people. 

The last step is to compare the actual number of deaths 
(195) with the expected number of deaths (210) and ex-
press that as a percentage or ratio: actual vs. expected or 
A/E. In this case, the ratio would be 0.93 (195/210). A num-
ber greater than 1.00 would show that actual mortality was 
worse or higher than expected. A number less than 1.00 
would show that actual mortality was better or lower than 
expected. The math is slightly more complicated than the 
above, but that’s the basic theory.

Figure 1 and Figure 2 show the typical A/E mortality 
output from a fictitious study of mortality. The key inputs 
or independent factors are:
■ Sex (male / female)
■ Age band (11-20, 21-30, 31-40, etc.)
■ Underwriting group (smoker, standard, preferred, super 
preferred)

Figure 1 and Figure 2 show that the overall actual mor-
tality is 5 percent higher than expected, an A/E factor of 
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FIGURE 1.  Actual v. Expected Mortality

Age Smoker Standard Preferred
Super 

Preferred Summary

11–20 2.90 0.93 0.75 0.62 1.18

21–30 1.15 1.20 1.06 0.59 1.09

31–40 1.27 1.01 0.75 1.02 0.99

41–50 1.29 1.02 0.96 0.75 1.02

51–60 1.49 1.07 0.95 0.70 1.07

61–70 1.48 1.04 0.90 0.76 1.05

71–80 1.42 1.08 0.88 0.81 1.06

81–90 1.53 1.06 0.85 0.80 1.06

Summary 1.47 1.06 0.89 0.78 1.05
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1.05. It also shows that while there is some 
variation by age band, there is quite a lot of 
variation by underwriting group. In fact, it 
shows that the mortality for the “super pre-
ferred” underwriting group was worse than 
the mortality for the “preferred” under-
writing group in the 31-40 age band. This 
is contrary to the expectations of the un-
derwriters who categorize lives into groups 
based on their perceived mortality risk. The 
underwriters would rate “super preferred” 
lives as being an even better mortality risk 
than the “preferred” group.

The observed mortality for age band 
31-40 between the “preferred” and “su-
per preferred” underwriting groups raises 
some serious questions, namely:
■ Were the underwriting decisions valid?
■ Can we really separate lives into under-
writing groups this granularly?
■ Are our “super preferred” and “preferred” 
mortality expectations appropriate?

■ Are these results a statistical fluctuation?
The answers to some of these ques-

tions are critical to the profitable future of 
a life insurance company, particularly the 
second and third. However, the possibil-
ity that these results are purely a statistical 
fluctuation means that the other questions 
are meaningless. This quandary can leave 
management in a bind. Do we need to take 
action? Do we wait for further informa-
tion? Can we afford to wait for further 
information?

The answers to these sorts of questions 
can’t be found in the traditional life insur-
ance experience studies that only compare 
actual with expected. The answers lie in 
looking farther afield for models that cater 
to statistical fluctuation.

Advanced Methods
Property and casualty actuaries have been 
using a statistical tool called Generalized 

Linear Modeling (GLM) that caters to sta-
tistical fluctuation as well as to indepen-
dent variable interactions.

A GLM statistical model was fitted to 
the observed mortality to test the inter-
action of the key inputs or independent 
factors, namely:
■ Sex (male/female)
■ Age band (11-20, 21-30, 31-40, etc.)
■ Underwriting group (smoker, standard, 
preferred, super preferred)

Figure 3 also includes a factor for the 
amount inforce band (SI for sum insured). 
The table shows that there is a statistically 
significant mortality variation by under-
writing group. Models of this type test the 
null hypothesis that the variable isn’t hav-
ing an influence on mortality metrics. The 
result for underwriting group is that there 
is a 0.0 percent probability that underwrit-
ing group is not an influence on mortality. 
In other words, it’s a strong influence.
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FIGURE 2. Actual v. Expected Mortality
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This table (Fig. 3) also shows that age 
band, sex, and amount inforce band aren’t 
statistically significant when comparing the 
expected mortality with the actual mortality 
because the probability exceeds a suitable 
threshold, typically 5 percent. Effectively, 
this means that, for these three factors, there 
is no stastical difference between the ex-
pected mortality and the actual mortality.

Furthermore, GLMs give results for 
individual items within the independent 
variables. The following chart (Fig. 4) 
shows the statistical parameters for the 
underwriting group. The columns show 
frequency (i.e., count) using the right-hand 
axis. The lines show the estimated param-

eter as well as the 5 percent and 95 percent 
confidence intervals (left-hand axis).

The model results showed that the 
mortality was 106.1 percent worse than ex-
pected overall after adjusting for the effect 
of the underwriting group. The impact of 
the various underwriting groups, relative 
to the standard underwriting group, was:
■ Smoker, 138.1 percent relative or 146.5 
percent in total
■ Standard, 100.0 percent relative or 106.1 
percent in total
■ Preferred, 83.5 percent relative or 88.6 
percent in total
■ Super preferred, 73.6 percent relative or 
78.1 percent in total

Conclusion
To summarize, the expected mortality 
table used captures the actual underlying 
mortality trends for age band, sex, and 
amount inforce band. However, it doesn’t 
capture the actual underlying mortality for 
underwriting group. The current version 
of the GLM model suggests the use of a 
scalar to adjust the expected mortality for 
the underwriting group.

A recent study (“1995-2000 Individual 
Life Experience Report”) of mortality can 
be found on the Society of Actuaries web-
site: http://www.soa.org/ccm/content/
research-publications/experience-stud-
ies-tools/1995-2000-individual-life-ex-
perience-report/

It would have been possible for the re-
port authors to use GLM in their conclu-
sions to (hypothetically) consider:
■ Does the select period wear off or need 
more smoothing based on the type of un-
derwriting performed?
■ Are the actual/expected ratios more 
credible for certain categories when bro-
ken down by other categories?
■ Is smoker mortality becoming more or 
less credible when drilled down to older 

FIGURE 3. GLM Statistical Model Output

Variable Degrees of Freedom Chi Square
Probability

>Chi Square

Age 79 0.292 18.23%

Sex 1 0.292 58.89%

Amount Inforce 
Band

18 13.691 74.9%

Underwriting Group 3 427.969 0.0%
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age categories?
Given more information about the 

data, it would be possible for a company’s 
experience actuary to better adapt the 
study for pricing or for making financial 
reporting assumptions as well.

The analysis of past performance needs 
to move away from the simple, linear 
methods (read “actual vs. expected”) to 
the more complicated but richer, multi-
dimensional methods (GLMs). The once-
hidden messages in the historic data need 
to be extracted and acted on. Subsequent-
ly, the opportunity to provide additional 
findings, answer tougher questions, and 
greatly assist insurance company manage-
ment in differentiating the company in the 
modern marketplace should get the expe-
rience actuary an invitation to be a speaker 
at an SOA Futurism Section meeting. ●

FIGURE 4. Statistical Parameters for the Underwriting Group
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