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WOrkers compensation experi-
ence rating relates an insured’s pre-
miurmn to its own loss experience, to
the extent that this experience
is a believable indicator of the in-
~ sured's exposure to loss. For each

experience-rated risk, the losses for -

the most recently available three-year
period are compared to the losses
that would be expected to arise in a
business of its size, according to the
manual classification rates. and a
credit or debit modification is calcu-
lated. This credit or debit is applied
to the manual premium for the poli-
cy period. The result is the “"standard
premium” for the insured.

. The weight given to the insured’s ex-
perience depends on the credibility
of that experience. Credibility is a
function of the size of the insured: the
larger it is. the more weight will be
given to its own experience: the
smaller it is, the more reliance is

placed on the manual rate. More
mathematical interpretations of this
intuitive relationship will be explored

FUNDAMENTAL
QUESTIONS

Before the mathematics can be ap-
plied, however. a logical foundation
must be established. What are the
goals of the experience-rating pro-
cess? How much of a charge for in-
dividual experience is equitable? At
what point is the insured being asked
10 carry risk that is totally unpredict-
able? Even if complete answers to
these issues are not available, ad-
dressing them will at least provide
some perspective to the formulae
used in experience rating.

Two of the primary goals of ex-
perience rating are safety incentive
and predictive accuracy. By charging
insureds something for accident oc-
currence, a financial incentive for

_ safety is added to the other incen-

tives that may exist. To the extent that
the experience modification predicts
the future loss experience of the in-
sured, it allows the premium to be
tailored more closely to each in-
sured’s own loss potential. That is the



equity contribution of experience
rating. )

The incentive value of experience rat-
ing cannot be used to define equity.
It would seem that the more incentive
for safety. the better: and thus for the
incentive value. the more weight
given to the insureds’ own ex-
perience, the better. At some point.
however. it would be unfair to in-
sureds to charge back losses that

were random and essentially un-
predictable.

1 By charging
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for safety is
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in terms of loss prediction. however,
equity is easier to define. To the ex-
tent that the loss experience isindica-
tive of true differences from the
classification average, it appears
equitable to charge for it: to the ex-
tent that the loss experience
represents only a random fluctuation.
charging for it would seem to require
the insured to bear a risk that should
really be spread among all the in-
sureds.

To determine how much the ex-
perience of an insured indicates its
loss potential, comparisons are made
between the modification and the fu-
ture experience it was designed to
predict. Insureds with modifica-

tions—say, in the range 1.10 to
'1.20—should produce, on the aver-
age, ratios of losses to manual premi-
um 10 to 20 percent higher than the
cdassification as a whole. if so. thenon
a standard premium basis. i.e.. after
the application of the modifications.
these risks would have the same loss
ratio as the classification.

From this perspective, the degree to
which an insured should be charged
for past loss experience is the degree
to which that experience is predictive
of future loss experience. This alloca-
tion charges each insured according
to its identifiable loss potential. there-
by differentiating among insureds.

From the viewpoint of the insurer, af-
ter experience rating. all insureds
have the same expected profit poten-
tial, regardless of their past loss his-
tory. From the viewpoint of a
detached economist. the market will
charge each insured according to its
identified loss potential, and this. in

~turn, producesthe optimal and most

equitable allocation of resources. In
effect. equity is achieved by maxirniz-
ing predictive accuracy. Thus. ex-
perience rating is an important step
in satisfying the statutory require-
ment that rates not be unfairly dis-
criminatory. ,

The problem now has enough speci-
ficity to impose a mathematical treat-
ment. The question becomes: how
much can an insured’s past history be
relied upon to predict future losses?
Different experience-rating formulae
could overstate or understate the

" proper degree of credibility and thus

make the plan overly or insufficient-
ly sensitive to fluctuations in loss
experience.
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How past experience can best be
reflected in future cost estimates has
long been pondered by casualty ac-
tuaries. Recent advances in statistical
methods have allowed a larger group
of academic researchers from related
disciplines to contribute their insights.
A recent study at NCCI reviewed the
functioning of the experience-rating
plan in light of this research and found
that the plan worked well in general
but that some fine tuning of
parameter values was appropriate.

h
- ... the degree

to which an insured
should be charged for
past loss experience

is the degree to which
that experience is
predictive of future loss

experience. o , ’

STATISTICAL APPROACH .

To apply the statistical methods. it is
first necessary to more precisely de-
fine the concept of predictive accura-
cy. Predictive accuracy measuresthe
difference between the predicted
losses and the losses that actually
turn up. There are infinitely many
methods for defining what is most
accurate; the two most intuitively ap-
pealing are the expected squared
error and the expected absolute

error. The expected squared error is
universally preferred becauseitleads
to mathematically solvable equa-
tions, and also because it mitigates
against large individual errors. Other
better criteria may one day be found
to be more appropriate, but a good
deal of work would be necessary to
apply them.

Given several years of observations of
an insured’s loss ratio, the expected
squared error is minimized by a func-
tion statisticians refer to as the con-
ditional expected value, which is
simply the expected value of the next
year's loss ratio given the observa-
tions. So far this function hasnotbeen
widely used. however, because it re-
quires additional statistical assump-
tions, is sometimes cumbersome to
compute. and is not always readily un-
derstood. }

‘These obstacles may be overcomein

the not too distant future. However, at
this time, the most commonly used
approach t0 experience rating re-

. quires the experience modification to

be a linear function of the losses. A
linear function of xis one that can be
expressed as a multiple of x plus a
constant term. i.e.. f(x)=ax+b. Subject
to the linearity constraint. the formula
that minimizes the expected squared
error is sought.

Under some popular but overly sim-
plified statistical assumptions, similar
to the law of large numbers, the for-
mula that does this is:

Modification = (A+K){E+K) Formuta 1)
where A represents the total of the
actual losses over the experience
period. E is the expected losses from
the classification rates, and K is the
credibility constant.
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Formula 1 is a linear function of the
losses, A, and, no matter what the dis-
tribution of A is. minimizes the ex-
pected squared error. if K is chosen
correctly. This formula has been used
in workers compensation and other
lines of insurance. but since about

_
‘ ... after

experience rating, all
insureds have the
same expected profit

potential . ..
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1940 a different formula has been
used, at least for workers compensa-
~ tion. This other formula is the multi-
split formula. which divides both the
actual and expected losses into

primary and excess components. In -

the multi-split formula, each loss has

-0 [y
1 .. . equity is

achieved by maximizing
predictive

accuracy. 5y

a primary component, which is in-
tended to be a relatively small dollar
amount, reflecting loss frequency. In-
dividual large claims will also have an
excess component. which is the

amount above the primary compo--

nent. The excesscomponentitself has
a maximum cap, which limits the ex-
perience rating charge due to in-
dividual large claims. The expected
losses underlying the manual rate are
also divided into primary and excess
components. Then the experience
modification can be calculated by
minimizing the expected squared er-
ror of the primary and excess losses
separately.

The shift some 50 years ago to a multi-
split plan was based on difficulties
with the existing formulae. From a
current statistical perspective, a
primary-excess split can be under-
stood in light of the constraint that the
estimate be linear in the observa-
tions. The difference between theun-
constrained optimal estimate (the
conditional expected value) and the
best linear estimator is small or zero
for some distributions: but for highly
skewed. heavy-tailed distributions it
can be substantial. This is just the kind
of distribution found for workers com-
pensation loss ratios.

The typical response of a statistician
faced with such a distribution is to
transform it through some normaliz-
ing function. such as taking
logarithms. Computing the primary
value of the losses is analogous to this
procedure. The excess losses may be
thought to have rmuch less predictive
value than the primary losses, and
formulae based only on primary loss-
es have been suggested. The recent
NCCI study suggests that. in fact.
primary losses should have much
more credibility. but that excessloss-
es do have predictive value.

In fact. both the primary and excess
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losses are less heavy-tailed than the
total losses; this seems obvious for
primary losses. For excess losses, by
eliminating the first smaller portion,
enough losses are eliminated to bring
up the average value and to reduce
the probability of a loss being a large
multiple of the average value. This

~
& . . . both the

primary and excess
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heavy-tailed than
the total

losses . ..
Q,

makes the excess losses less heavy-
tailed and thus more predxctable than
‘the total losses.

The experience-rating plan defines
any loss below $2.000 as primary. For
losses above $2.000 the primary
value is determined by multiplying
the total loss X by the factor:
Primary factor = 10.000/(X+8000)

(Formula 2)
This factor starts at 1 for X=2000 and
gradually falls to O for large X. The
primary value of a loss is always great-
er for larger losses. however, except
for rounding. The maximum possible
primary value is $10.000.

To see what the experience-rating for-
muta is for the multi-split plan. itisin-
structive to review the foundation of
the no-split modification formula. For-
mula 1 arises from a credibility

weighting of the actual losses A with
the expected losses E. where the
credibility weight is denoted as Z:
Modified expected
losses = ZA + (I-Z)E

(Formula 3}
if Z is calculated as Z=E/(E+K). then
Formula 3 implies that the modified
expected losses can be written as the

expected losses E times the modifica-
tion from Formula 1.

For a split plan. Formula 3 gets more
compilicated. Using subscripts p and
e for primary and excess losses, the
modified expected losses are:
Mel = ZpAp + (Zp)Ep + ZeAe
+ (1-Zg)Ee .
(Foﬂada 4)

This is just like Formula 3. except with
a primary piece and an excess piece.
The credibilities Z,and Z, canalso be
defined similarly. but now two credi-
bility constants, Band K. are needed.

Defining Z,=E/(E+K). Zp=E/E+B).

and introducing the convement nota-
tion W=(E+BY(E+K) will yield. after

_ some algebra. that the modified ex-

pected losses are E times the spiit
plan modification below:
Modification =]Ap + WAg + (1-W]Ee +
BIIE + B)

Formaia 5)
This is the modification formula cur-
rently used at NCC1, with the excep-
tion that B and K are not constants
but vary by size of risk according to
published tables. The theory that B
and K should be constants assumes
that larger insureds are more stable
than small insureds. and that this in-
creased stability follows a particular
‘mathematical form related to the law
of large numbers. In particular. it as-
sumes that the variance of the
Formula 5 loss ratio is inversely
proportional to the firm's premium. In



practice, the relationship between
large and small insureds is more com-
plicated than this; the variance does
not decrease that fast for larger in-
sureds. The result is that B and K
should vary by size of insured and. in
fact. should increase for larger firms.

1 ~ |An} NCCI

study suggests that

. . . primary losses .
should have much
more credibility,
 but that excess
losses do have
predictive

values.

Why large and small insureds display
the patterns they do is not fully un-
derstood. Some recent advances in
the mathematical theory of risk have
prodiiced models that roughly fit the
observed patterns, buteven these do
not fully predict the data. According
to these models. larger insureds will
display more variation than the law of
large numbers would predict. basical-
ly because all insureds are subject to
variations due to changing conditions.
and this does not decrease by size of
firm. The result of thisisthat Band K
should increase in size for larger firms,
thereby decreasing the credibility

given to those firms' loss experience
compared to what the more simplis-
tic models would predict.

While the above considerations lead
totables of B and W that vary by size
of firm. the historical tables were de-
vised long before such arguments
had arisen. The Band W values were
designed with two goals in mind: to
prevent too large a swing for smallin-
sureds. and to provide self-rating
(100% credibility) for the largest firms.
The result was that Band K decreased
for larger insureds, where the current
theory and data suggest they should
in fact increase. :
In terms of the weight given to in-
dividual experience, as opposed to
the manual rates. too much weight
was given to large insureds, and too
little to small insureds. The result is
that small insureds with credit modif-
cations came to be regarded as
preferred business. and in fact they

have been generally more profitable
_ than those with debit modifications:

in effect. the modification did not fully
reflect the actual predictive power of
the experience. By appropriately sec-
ond-guessing the modification calcu-
lation. the market adjusted for its
shortcomings. -

For large insureds. on the other hand.
too much credit has been given for
good experience. leading to less prof-
it potential than for the debit modi

- fied firms. because too much

credibility was given, in order to
achieve self-rating. For many medium
sized firms—say. with $10.000 to
$100.000 of workers compensation
premium each year—the present
plan has been found to work close to
optimally.



In NCCI's recent review of experience
rating values, a proposed modifica-
tion formula was developed which in-
corporates increasing values of B and
K. according to the current theoreti-
cal and empirical findings. The theory
of changing conditions mentioned
above would lead to values of B and
K that increase as a linear function of

f6 ooee

or large

insureds . . . too
much credit has been
given for good

perience...
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the insured's expected losses. In fact,
the best performance was obtained
with values that increased in a non-
linear pattern. This is consistent with
a risk theoretic model that, in ad-

Table 1
ldentifying Risk Differences
Small Rated Risks ($2500-55000)

dition to incorporating changing con-
ditions, considers alarge firm may be
composed of diverse operations with
different exposure to loss. Under this
model. small firms get relatively more
credibility than the linear B and K
would provide, and this is in fact what
data from studies conducted by
NCCl. among others. seems to
support.

The proposed rating formula is -
ly Formula 5 above. ie.. the same as
the current formula. with two differ-
ences. One difference is that the Ta-
ble B and Table W values are
different. In addition. a simplification
to the primary-excess split is used.
The primary value of a loss is defined
by a single split formula. rather than
the primary split Formula 2 above.
What this means is that any loss be-
low the split point—in this case
$5.000—is primary. and that for any
larger loss the primary value is
$5.000. As before, the excess value is
the total minus the primary. subjectto
a maximum cap. The reason for the
single split was to simplify the opera-

. tion of the plan. Doing so had no

deleterious effect on performance.

Two tests of plan performance were
made according to the general
reasoning discussed earlier. First the
ability of the plan to identify risk
differences was tested. iInsureds with
lower modifications should have bet-
ter experience in the next period to
which the mod applies on a manual
premium loss ratio basis. and the
higher mods should produce higher
loss ratios. Thus the greater the dis-
persion of the subseguent period
manual loss ratios, the better the plan
works. On a standard premium basis.
however, the loss ratios should be less



dispersed and, ideally. all equal fora
better working plan. This is the pre-
mium equity argument that asserts
that the price for all insureds should
reflect their loss exposure.

To perform these tests, insureds were
" divided into five groups by size of
modification: the lowest modifica-
tions, the next lowest, etc. up to the
highest. This grouping was done
twice: once using the current formula

‘ ‘ The real test

of experience-rating
equity .. . is how
well the plan corrects
for the differences it
identifies

R

Small Rated Risks (52500-55000)

and once using the proposed formu-
la. These tests were performed
separately for several different premi-
um groups. The insureds in each
modification size group are some-
what different for the current and
proposed modification formulae be-
cause the modifications themelves
are somewhat different under each
formula. For each of the groups the
manual and standard loss ratios were
computed for both the current and

' proposed plans.

The results of the test of the ability of
the plan to identify risk differences is
shown in Table 1 for the small
experience-rated firms ($2.500—
$5.000 in annual premium).

As discussed above. the better func-
tioning experience-rating formula will
increase the dispersion of these
manual loss ratios, asit better identi-
fies the firms likely to have good or
poor experience in the next period. .
The table indicates that the proposed
plan works a little better in this
regard. at least for the smaller.
experience-rated firms.

The real test of experience-rating eq-
uity. however, is how well the plan cor-
rects for the differences it identifies.
Table 2 illustrates this for the small
firms shown in Table 1.

Here. the closer to unity the better,
and the proposed plan seems to work
better. although the current plan isa

- significant improvement over no ex

perience rating. For the small firm:
the proposed plan is more responsive
than the current plan. which bring:

~ both the credit and debit risks closes

to unity after experience rating.

For insureds with premium betweer
$10.000 and $100.000, the current



and proposed plans both work fairly
well. Table 3 shows the results for a
segment of these firms.

Here again. the lowest and highest
modification groups are alittle closer
10 unity after experience rating for the
proposed plan.

For the largest firms, the current plan
is somewhat overresponsive, as Table

Table 3
Correcting Risk Differences

Medium Sized Risks (510,000-525.000)

Correcting Risk Differences
Large Risks (Above $100.000)

The current plan shows the worst ex-
perience for the credit risks, basical
ly because the credits are somewhat
o0 high. The debits are also too high.

resulting in better loss ratios for the
two highest modification groups. The
proposed plan builds in a little less
sensitivity to actual loss experience
for these risks, resulting in more ap-
propriate charges for all groups.

In condlusion, it has been argued that
while the experience-rating plan
serves an important incentive pur-
pose, its incentive value cannot be
used to define equity among insureds
because, for incentive, more weight to
the individual insured's experience is
always better. However, the predic-
tive ability of the experience-rating
plan can be related to equity: both
equity and predictive ability require
that just the right balance of respon-
siveness be maintained. and it has
been argued that the same degree of
responsiveness is appropriate for
each. The current experience-rating
values are found to provide a very
good balance in this regard: the pro-
posed values work even better, espe-
cially for the largest and smallest
rated firms and the highest and

| lowest modifications.






