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About e-Learning Module Readings

This publication is a curated collection of readings designed to
accompany and enrich your e-Learning experience. Unlike a traditional
textbook, it does not follow a linear narrative. Instead, each article,
excerpt, or transcript is intended to be engaged with as prompted from
the e-Learning modules, reading-by-reading, as needed.

A Note on the Readings

The readings here are drawn from diverse sources: excerpts from
published books, articles from a variety of publications, pieces written
specifically for the modules, and transcripts from conferences or
meetings. Because of this, there are considerable shifts in tone, style, and
perspective across the readings. Some are formal and analytical; others
are more conversational or practical. Even others are word-for-word
transcripts of panel discussions. Maintaining this variety is intentional
as it reflects the richness of the subject matter and the many voices
contributing to the actuarial profession over the years. The original
language of each source has been preserved to maintain its authenticity,
even where that means stylistic differences across the readings.

How to Use this Publication
To get the most out of this collection:
If using a digital copy:

e Read alongside the modules. Keep the reader open in a
separate window (or split-screen) while working through the
e-Learning modules.

e Search with purpose. Use keyword search to quickly locate
terms, authors, or concepts referenced in the module.

e Highlight and save. Take advantage of digital highlighting and
note tools to flag key passages.
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e Bookmark your way throughout. Create a personal set of
bookmarks or saved locations so you can return to important
readings instantly.

If using a printed copy:

e Bookmark strategically. Mark readings you expect to revisit,
whether for professional reference or future work.

e Annotate freely. Jot notes in the margins to connect ideas across
readings or back to the e-Learning content.

e Create your own index. Use tabs, sticky notes, or a simple
system of markings to build quick access to the sections you rely
on most.

e Treat it as a working reference. This volume is meant to be
handled, revisited, and used over time, not simply read once.

Think of this book as a reference toolkit, not a cover-to-cover read. Dip
into the readings as the module directs you, revisit them as needed, and
let the interplay of perspectives deepen your understanding.
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Fundamental Actuarial Formulas:
Pricing, Reserving, and Funding

In this section, we describe the fundamental actuarial formula used for
pricing, reserving, and funding decisions.

For the fundamental actuarial formula, this we use the following
simplified formula:
V = Z Btdtvt — ﬂ'tAt’Ut

For our purposes, “primary” models are models intended to solve
problems associated with pricing, reserving, or funding financial security
systems. The three primary models described in this reading provide the
base of the model framework. The key questions addressed by each model
are:

e Pricing Model: Is there a balance between the premiums and the
benefits?

e Reserving Model: Are current funds sufficient to meet the
financial security system’s future needs?

e Funding Model: Will future funds be sufficient to meet the
financial security system’s future needs?

Note: The terms “primary models” and “secondary models” are
convenient, though not generally used, terms employed to distinguish
their purposes. Typically, the simpler term “models” is used when
referring to any of the parameter—and assumption—setting tools that
represent observed, measurable, real-world phenomena.

The Pricing Formula

When pricing, the key question to ask is whether there is a balance
between the premiums and the combined benefits, expenses, and profits.
In other words, does initial income equal outgo? Are the premiums
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196 Fundamental Actuarial Formulas: Pricing, Reserving, and Funding

reasonable, considering the obligations of the financial security system?
And are the benefits reasonable, given the premiums available?

With these questions as a backdrop, (simplified) pricing is essentially a
point estimate as of today. The pricing formula, then, can be shown as

00
0= ‘/0 - ZBtdt’Ut - WtAtUt
t=0

where:
e 1)y represents assets at inception, which equals zero.

e Bidv' represents the value at inception of benefits (including
expenses and profits) payable in year t.

e m; A represents the value at inception of premiums payable in
year t.

e v represents the discount for interest from time ¢.

e d; represents the adjustment for all other decrements to time t with
respect to benefit cash flows.

e A, represents the adjustment for all other decrements to time t
with respect to premium cash flows.

It is important to note that the Fundamentals of Actuarial Practice uses
the words “premiums” and “benefits” in a generic sense. Benefits include
all payments out of the financial security system, and premiums include
all payments into the financial security system. In a pension plan, for
example, premiums would include contributions made into a pension

fund.

In the health practice area, pricing would be used to calculate gross
premiums. These premiums are based on claims costs, expenses,
premiums, and other taxes, commissions, risk and profit charges, and
adjustments for investment income. All of these factors are represented
in the pricing formula.

It should be apparent from the pricing formula that the goal for pricing is
to set the value of expected income at inception, to the value of expected
outgo at inception. This is the basis for pricing under any financial
security system.
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The Reserving Formula

When reserving, the key question to ask is whether current funds are
sufficient to meet the financial security system’s future needs.

The reserving formula can be shown as:
oo
Vz == E Btdx’tvt_x - 7TtA17tUt_$
t=x

where:
e V, represents the assets required in the future.
e Bid, 0" represents the value at z of benefits payable in year ¢.
o m;d, 0" represents the value at = of premiums payable in year ¢.
¢

e v' 7% represents the discount for interest from time ¢ to time x.

e d,: represents the adjustment for all other decrements from x to
time ¢ with respect to benefit cash flows.

o A, represents the adjustment for all other decrements to time ¢
with respect to premium cash flows.

The reserving formula can also be depicted as follows:
z—1
Ve = Z Wtdt,xvt_w — BiA 0T
t=0

This is the retrospective formula, rather than the prospective formula.

Reserving, then, results in a point estimate after the inception of the
financial security system. For example, you would use the reserving
formula after the introduction of a particular insurance product or after
the introduction of a retirement benefits program.

Don’t be fooled by the fact that some reserving formulas (and the models
upon which they are based) can be written in the following form:

Ve = io: Btdm,tvtix
t=x

In this case, the future premiums (income) are nil. This is a very common
reserving formula for claims that are in play.

Note that the pricing formula is, in fact, the same as the reserving formula
applied at time 0. It must be remembered, however, that the underlying
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formula is only part of a model. The assumptions used to determine
benefits, premiums, and decrements in reserving are not necessarily the
same as those used for pricing. The amounts used for each of the factors—
the B, the d;, the m;, and the interest rate underlying the v—must
all be specifically chosen for each problem at hand. For example, an
actuary calculating statutory reserves for a life insurance product will
use premiums and reserving assumptions that are specific to that task
and depend on the requirements in the actuary’s specific jurisdiction.

The Funding Formula

When funding, the key question to ask is whether future funds will be
sufficient to meet the financial security system’s future needs. Funding
is a dynamic process that requires the successive application of the
reserving formula.

Funding can be considered a point estimate for all points in time and

can be shown as follows:

00
Vx == E Btdx’t’l)t_z - WtAg;’tUt_m, T Z 0
t=x

where:
e V., represents the assets required in the future at time .
° Btdmvt_z represents the value at = of benefits payable in year ¢.
o m;d, 0" represents the value at = of premiums payable in year t.
t

e v' "7 represents the discount for interest from time ¢ to time x.

e d,: represents the adjustment for all other decrements from x to
time ¢ with respect to benefit cash flows.

o A, represents the adjustment for all other decrements to time ¢
with respect to premium cash flows.

x > 0 illustrates that the formulas apply at all points in the future.

Secondary Models

The parameters for the primary models often have to be modeled
themselves. For example, B; at each time t is often modeled separately
in a secondary model, and the results from the secondary model are
then used as input into the primary model. In this book, the models or
techniques used for these purposes are called secondary models.
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Actuaries refer to experience studies or experience rating techniques as
models. They are models in that they help you represent observed,
measurable, real-world phenomena. In our terminology, they are
generally secondary models.

Secondary models support primary models by specifying a possible
parameter (for example, B;) for the primary model. Experience studies,
experience rating, and sensitivity models can be used to support the
pricing, reserving, or funding calculations. For example, experience
rating uses a recursive formula to solve for current benefits, using
previous benefits and a prior expected current benefit.
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Known and Unknown Knowns and
Assumptions

ontology, on-tol-uh-jee, noun

The branch of metaphysics dealing with the philosophical
theory of reality, including consideration of the universal and
necessary characteristics of all existence; also a particular
theory of reality. *

Former US Secretary of Defense Donald M. Rumsfeld, at a 2002
Department of Defense news briefing on Iraq, made the following
statement about the knowledge available:

Reports that say that something hasn’t happened are always
interesting to me, because as we know, there are known
knowns; there are things we know we know. We also know
there are known unknowns; that is to say we know there are
some things we do not know. But there are also unknown
unknowns—the ones we don’t know we don’t know.

Most of us are quite able to define the part of knowledge we know. We are
less confident when stating how much “I know I know.” We are also quite
confident when stating how much “I know I don’t know.” We typically
go through life happy in the knowledge that there are things we do know
and things we don’t know. When asked, however, to contemplate the
part of knowledge we have not even considered— the “I don’t know I
don’t know” part—most of us are at first confused and then humbled.
The part of knowledge we don’t know we don’t know is huge.

Try answering these questions:

e What proportion of the total potential knowledge pool would you
characterize as knowledge “I know I know”?

L Punk and Wagnalls Standard College Dictionary. New York: Funk and Wagnalls
Publishing Company, Inc., 1974. s.v. “ontology.” Accessed September 2, 2025. https:
//archive.org/details/funkwagnallsstan0000unse_u7t2/page/944/mode/2up.
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438 Known and Unknown Knowns and Assumptions

e What proportion would you characterize as knowledge “I know I
don’t know”?

e What proportion would you characterize as knowledge “I don’t
know I don’t know”?

In general, what a person doesn’t even know they don’t know represents
by far the biggest share of all potential knowledge. Most people never
even consider that portion of the knowledge pool. Figure 1 depicts a
rough representation of the average knowledgeable person’s “typical”
answer to the three questions.?

Figure 1: General Knowledge: Typical Perceptions

General Knowledge

Know_Know
Know_Don't KnowDon't

= Know Don't Know

As an actuary, you should aim to increase the amount of relevant
knowledge that you know you know.

It should also be your goal to change, through research and training,
some of the “I know I don’t know” knowledge to the “I know I know”
category.

A third important goal is to change some of the “I don’t know I don’t
know” knowledge to one of the other two categories. Some ways to
accomplish this are to be aware and look for new indicators of knowledge.

2IBM Distinguished Professor of Regulation and Competitive Practice & Director
of Ford Center for Global Citizenship; Co-Director, Northwestern Institute on
Complex Systems (NICO), Kellogg School of Management (MEDS), Northwestern
University
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A mathematician wants to consider all the permutations and
combinations, so you should also consider a fourth category of knowledge
about knowledge: “I don’t know, I know.” It can be argued that a
person can’t not know what they know, which would make this fourth
condition a subset of the “I know I know” condition. However, this fourth
combination cannot be ignored in actuarial work, and a clearer way to
express it might be “I forgot that I know.”

This fourth combination can be very important, as you do not want
to inadvertently ignore any readily accessible information when you
are dealing with actuarial problems. The knowledge graphic of an
effective professional, with regard to the actuarial knowledge pool, should
therefore look more like Figure 2.

Figure 2: Actuarial Knowledge: A Professional’s Perspective

Actuarial Knowledge

I_Know_I_Know
1 Forgot I Know
=] Know I Don't Know

=] Don't Know I Don't

These categories of knowledge suggest criteria for the actuarial task of
selecting assumptions: Know what you know. Make sure you don’t forget
what you know. Consider what you know you don’t know. And be aware
that you must consider what you don’t know you don’t know.

Most actuarial problems are focused on future contingent events, or
events dependent upon an uncertain condition—the unknown. To find
the optimal solution, the actuary must make certain assumptions with
respect to the uncertain future conditions that will affect the contingent
events. In selecting the assumptions, the actuary must recognize known
known items, such as historical experience and current data. The actuary
must be careful not to overlook information that he or she is aware of
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but may not be thinking of in the context of the problem (the unknown
knowns). Then, the actuary must make sure the assumption-setting
process recognizes and provides for future changes to historical patterns
and current data (the known unknowns). Finally, the actuary considers
the possibility of future occurrences of events that have never occurred
in the past (the unknown unknowns).

In selecting assumptions, an actuary wants to ensure that the known
known items are accurate and properly reflected in his or her models.
Care should be taken not to ignore readily accessible information or
knowledge that may be relevant to the problem. The actuary also wants
to be able to illustrate and quantify the effect of various assumptions for
known unknown current and future conditions (i.e., specific scenarios).
While assumptions also often provide for the possibility of future
unforeseen corrections, the monitoring of results helps the actuary
identify variances of actual results from expected results, due to
previously unforeseen contingencies (unknown unknowns).

The ability to deal with the unknown makes actuarial science challenging,
fun, and dependent on realistic, quantifiable, and variable assumptions
that must be monitored throughout the stages of the Actuarial Control
Cycle: Define the Problem, Design the Solution, and Monitor the Results.
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