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THE PROBLEM OF THE 
iNSTALLMENT LOAN 

by David M. Good 

The example presented by Robert Myers 
in the February issue of The Actuary 
illustrated the fact that actuaries from 
time to time tackle some of the nastier 
problems of compound interest. As Mr. 
Myers shows, satisfying the desire for 
a quite accurate result sometimes in- 
volves rather sophisticated and lengthy 
computations. This note presents a gen- 
eral solution to a similar problem of 
finding the effective annual interest rate 
commonly arising in finance. Since the 

 lution is fairly easy to apply and gives 
surprising degree of accuracy, it may 

be of use in upholding our reputation as 
experts in this field. 

The Problem 

The terms of a commercial loan are 
usually Mated as an initial charge, with 
the loan to be repaid in in~alhneuts; for 
example, a charge of $6 per $100 in ad- 
vance, the loan to be repaid in twelve 
monthly instalhncnts. The effective an- 
nual interest rate is of course neither 
6% nor 6.383% (from 6/94) ,  since on 
the average only about half the loan is 
outstanding. ']'he usual procedure of 
multiplying by 2 n / ( n + l )  gives only a 
crude approximation. 

The Solution 
The following is an improved approx- 

imation for the interest rate on a loan to 
be repaid in twelve monthly install- 
ments. Let z equal the rati~ of the initial 
charge to the ;amount initially received 
(the 6 /94  of the above example). Then 

p better result, in form for computing, 

i = (1.8439 -4- 1.09139z)z 
This formula is to be t~sed in the 

rangc of i from about 3% to about 24%, 

(Continued on page 5) 

SINGLE PREMIUM DECREASING TERM 
USING CONTINUOUS FUNCTIONS 

by William H. Lewis 

It is likely that most of the decreasing 
term insurance policies which are de- 
signed to cover a typical mortgage loan 
are on an annual premium or a monthly 
premium basis, so that the premium 
payments may be geared to the level 
mortgage loan payments and the com- 
bination considered a package type of 
payment by the mortgagor-policyholder. 

In some instances, however, it may 
be desirable to use a single premium de- 
creasing term policy for this type busi- 
ness. This type policy may have particu- 
lar appeal to a bank or savings and loan 
institution which holds the mortgage 
and pays the single prenaium to the life 
insurance company while lending the 
same to the borrower. The amount of 
the single premium is added to the regu- 
lar mortgage loan and is amortized by 
level monthly payments along with the 
regular mortgage loan payments. 

Method Limited 
This method of providing life insur- 

ance benefits does not work too well in 
a situation where the borrower is anx- 
ious to make a minimum down payment 
and hence obtain the maximum amount 
of mortgage, but may well fit a situation 
where the collateral is substantial as 
compared with the amount of lnortgage 
loan. In such a case the fact that the 
amount of mortgage loan the borrower 
has in mind needs to be increased by a 
relatively small anaount to accommodate 
the borrowed single premium is of no 
great concern to him. 

If it is assumed that mortgage pay- 
ments are made on a continuous basis, 
using the force of interest which corres- 
ponds with the monthly effective mort- 

(Continued on page 3) 

A VIEW OF PLANNING - -  
SORCERY TO COMPUTERS 

by James C. Hickman 

John Maynard Keynes said that he was 
only interested in the short term, for in 
the long term we are all dead. Despite 
Keynes' concentration on the short term, 
the future and the possibility of its con- 
trol have always fascinated man. The 
Romans diligently studied the pattern of 
tile intestines of sacrificed animals in an 
attempt to lift the veil from the future. 
The scriptures leave no doubt but that 
tile three kings learned of the impending 
birth of Jesus by a study of the stars. 
Alexander thought it prudent, before 
embarking on his memorable trip of 
conquest, to inquire about the probabili- 
ty of success from the oracle of Delphi. 

Because of the successes of Alexander, 
the legions of Rome, and of the search 
of the three kings, it is not immediately 
apparent that scientific and rational at- 
tempts at perceiving and modifying the 
future are superior to sorcery. Let us 
acknowledge that the superiority of 
planning over luck is a matter of faith 
and not a verified fact. 

Difficult to Veri fy 

Few industries, except perhaps life in- 
surance, have had much experience with 
other than short term plans. Consequent- 
ly, it is difficult to empirically verify 
flint long term planning is superior to a 
more myopic view (plus a lnystical faith 
in Adam Smith's "invisible hand") in 
making sure that economic enterprises 
are guided to success. In fact such veri- 
fication may be impossible. In the course 
of hu,nan affairs the social, political, 
and sometimes even the physical and 
moral environments in which plans are 
realized change so frequently that it is 

(Continued on page 4) 
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(CoIlfiJrrred lrorrr ,m;c 1) 

oflen manifest why the objectives of au 
initial plan are not attained. 

I-Jowevcr, I have faith, which is in 
part based on the success of ratio11al ac- 
tivity in the 11atural sciences, that or- 
ganized intellectual thought will: in the 
long run, prevail over blind chance. 
Therefore, we will proceed on the as- 
sumption that, bccnuse businesses do 
not live for the mo1ncnt but rather are 
continuing cntcrprises, an examination 
of the possible consequcnccs of current 
business decisions is preferable to 
blindly avoiding such an examination. 

What do we mean by planning? In 
soinc conservative circles the very term 
is charged with emotion. It conjures up 
the grisly bureaucratic spcctre of the 
Soviet Five Year Plans. \Ve will define 
planning as the operation of tracing the 
possible consequences of current deci- 
sions on the future course of an enler- 
prise with a view toward modifying the 
decisions so as to achieve a preferred 

0 

urse. Planni11g is a tool of indi\~idualsl 
businesses, and of governments. 

Next we need to differentiate bctwee11 
planning and forecasting. Forecasting 
is a static operation. It is the process of 
Jncdicting future events. Planning on the 
other hand is dynamic; it is concerned 
with modifying decisions to achieve fu- 
ture goals. Forecasts 1nay be part of the 
input to a planning operation, but a 
good plan reco>-nizcs the essontial uncer- 
tainty in forecasts and provides for the 
modification of actions as experience 
unfolds and trends arc revealed. (1) 

It rnny seem to many businrss1ncn 
tl1at Mr. Calbrnith has used a mop for 
a brush in Jlainting a picture of business 
in the last third of this century and that 
the resulting portrait is imprecise. Nev- 
crthclcss, cvcn a casual obscrvcr of the 
l1assing business J1arndc must grant that 
advanced technology has forced a much 
wider horizon on business planning. 

\Vithin the life insurance industry- 
I-x;~mplcs abound. The installation of 
EDT) equipment was a long term proj- 
ect that required the imcstment of sub- 
stantial sums of capital and 1nen. The 
success of the project varied directly 
with the imagination and vision with 
14ich the plans were conceivetl. The de- 
vclopmcnt of equitv based insurance and 
an1111ity contracts provide another ex- 
ample of a project which will force life 
insurance conipanics to invest massive 
amounts of talent and capital and which 
will compel planning. 

bc wrong, in which cvcnt plan11ing is an 
academic exercise. 

hly first answer to these potentially 
fatal criticisms of planning is that it 
stems bcttcr to study the possible co11se- 
qucnccs of current decisions based on 
shaky assumptions than not to conside 
these consequences at all. Secondly, I 
ask the critics when that golden era 
existed in which plans materialized with 
mechanical certainty? 

I do not consider myself an old man, 
yet I have lived through a great deprcs- 
sion, a world war, a three-year interna- 
tional police action, an extended cold 
war, a population explosion, crecpilig 
inflation and a n1ajor conflict in south- 
cast Asia. I do not yet detect the dawn of 
an age of stability. 

Actuary’s Responsibility 
\Ve must recognize that change is a 

fact of human life and that an actuary’s 
professional responsibility to the iiisti- 
tutions that he guides is to be continu- 
ally alert to trends that may prevent the 
attainment of the institution’s goals, and 
to recommend appropriate modification6 

c- 

of existing plans. Indeed, it is this Inana- 
gerial responsibility, this required alert- 
ness, that makes actuarial science a 
profession rather than simply a part of 
applied mathematics. 

Planning in Modern Business 

John Kenneth Galbraith (2) in his 
popular book, I’he h’ew Industrial Stole, 
claims that long term planning is the in- 
cvitable result of modern technology. 
The complexity of modern business 
means that projects cannot be cornplcted 
in a short time. Conscqucntly, long term 
com111itments of both men and capital, 
ncithcr readily available, arc required. 
The rigiclity of these connnitmcnts im- 

‘cs that a searching analysis be 

0 ICIC before making the con~n~itments 
and that: during the course of the devcl- 
opment of the Jlroject, 1nodiJications be 
made in the ol1jectivcs as ne\c informa- 
tion bccomcs available. 

A Paradox 
It stems paradoxical that at the very 

time that technology is forcing long term 
planning, the prerequisite conditions for 
s11cccssful planning seem to be disap- 
pea ring. For example, many planning 
projects of interest to actuaries involve 
the orderly accumulation of assets and 
their disbursement to meet some defined 
individual needs. When such a plan is 
defined in terms of monetary units and 
when we observe the time trend toward 
depreciating the value of such units, it 
may scc1n that long term financial plan- 
ning is worthless. In our plnnniirg, per- 
haps for lack of acccptnble alternatives, 
WC usually nssu1ne the existence of a 
stable govcrnmcnt, the absence of social 
disorder,a11d SUCCESS in avoiding nuclear 
war. It is positively probable that one, 
two, or all of these assumptions might 
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If we assume the necessity for long 
range planning, the next question con- 
ccrns the techniques of planning. Be- 
sides the classical tools of cco1101nics, 
statistics, and mathelnatics, sharpened by 
common sense, what tools dots the new 
technology provide for accomJ1lishing 
planning? 

(1) It offers computers. Computation 
and data handling is now l,OOO,OOO 
times faster and 10,000 times cheaper 
than it was a generation ago. In so far 
as we can visualize in some Inathemati- 
cal model the essentials of a business 
process, the computer can now flash OUI 
the consequences of potential decisions 
for any conceivable blend of parameters. 

(2) It offers subjective probability. 
and Bayesian statistics. I\‘ow it is intel- 
lcctually respectable to quantify opinion( 
and past espcrience concerning a busi- 
ness event in the form of a distribution 
of probability. Guides to enforcing con- 
sistcncy in these probability assign- 

!Co/rrinucd on page 5) 
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(Corrlirllred lrom ,,oge I) 
cnts have been tlcvclopcd. Once thcsc 

nssignmcnts are fixed, the vast machin- 
cry of statistics is available to help trace 
the possible conscqucnccs of nltcrnativc 
decisions and to place indices of reliance 
on estilllatcd conscqucnces. 

(3) It offers more statistical data. 
A function of the federal government is 
to collect and summarize statistics which 
arc useful in planning. For example, the 
Ofice of Business Economics of the 
Commerce Department estimates the 
components of national income; demo- 
graphic facts come from the Census 
Bureau; price and employment indices 
are produced by the Bureau of Labor 
Statistics; and health information flows 
from the National Center for Health 
Statistics and other agencies of the 
Public Health Service. If this informa- 
tion is used to produce more rational 
and cficient plans, it would seem that 
such statistical work is a very productive 
investment of public funds. 

surance Planning ‘a American actuarial literature alread) 
contains a delightful essay on planning. 
I recommend t:o your rc-reading John 
Hogan’s provocative paper. (3) 

Actuaries were the first long range 
business planners and, at least until the 
present, have probably been the most 
successful. When most businesses were 
formulating quarterly plans, actuaries 
were setting p rices for decades in ad- 
vance. Asset share computations have 
for generations been an actuarial tool 
for checking the long term consistcnc) 
of price and benefit structure decisions. 
Model office computations of great com- 
plexity have been used in setting agency 
development goals. Gross premium val- 
uations have been a tool in setting sur. 
plus and reserve objectives. 

Actuaries have traditionally been in- 
tcrcsted in cxpccted values. Rloclcl office, 
pension fund projections, and asset 
shares have usually been prccented as a 
single number or set of numbers with nl) 
’ dicatiun of the probable range of vnri- 

9 
n of these results. This was almost 

It: only possible way to report actuarial 

results before the advent of cheap corn- 

putation, and it seemed to some actu- 
arics that to prcscnt anything other than 

a single answer to an actuarial question 
was urll)rofcssional hedging. 

Yet the results of the operations of the 
financial systems that actuaries guide arc 
not known with ccrtninty, and grcatel 
predictive reliance can be placed in cer- 
tain expected results than on others. 
Even a crude measure of this reliance 
can hc helpful to a decision maker. To- 
day, by simulation techniques, it is en- 
tirely possible to report an approximate 
distribution for prospective financial re- 
sults. These distributions will be based 
on probable lifetimes and other cost 
variables, all part of the basic assump. 
tions. (4) 

Modern technology does more than 
provide simply another dimension to 
visualize in considering traditional actu- 
arial problems. It is now possible, and 
probably it is imperative, to expand the 
application of actuarial techniques to 
other aspects of insurance operations. 
But a few guide posts should be kept 
in mind. 

Guideposts 

l Much of the work in planning 
involves reducing to an operational for- 
mula vaguely stated corporate goals. 
In a word, performance indices are rev 
quired. In life insurance management, 
questions such as the following arise: 
How do you measure the performance 
of a11 agent or an agency? How do you 
measure the comparative performance 
of an equity fund? 

l Do not attempt a total cornpan) 
plan as your first effort. Experience is 
a great teacher in planning as in mosl 
cndcavors. By working on local prob- 
lems before tackling global problems, 
one can gain such needed experience. 
Concentrate on an area which has not 
already been intensively s[udicd in order 
to achieve the s&faction of some suc- 
ccss in your early efforts. 

l Plans are not static but are dy- 
ll;lmic guides for action. Robert Burns 
\crotc that, “The best-laid schemes of 
mice and men gang aft a-gley”. The 
lnodcrn business planner should try to 
ilnprove on the success ratio prcdictcd 
by the romantic Scot by continually re- 
viewing his plans as the corporate en- 
vironment 311~1 goals shift. Planning is 
a dynamic operation for achieving de- 
fined corporate goals, and it is not a 
stcrilc machine for squeezing the human 
juice from business managcmcnt. q 

Installment Loan 

\\vithin which its error is no grcatcr than 
0.00004 (4/1000 of 1%). It is nol to ’ 
be used outside of this range under any 
circumstances, since the error increases 
markedly on either side. The formula 
o\.crstates the rate in the center of the 
range and understates it at each end. 

This formula was dcvcloped specifi- 
cally for the range i’“’ = 3% to P2) 
= 240/o, approximately the range cited 
alovc. I chose to express i in terms 
of this quantity z since the coefficients 
in the corresponding Taylor scrics were 
smaller than in other related expansions. 
The Taylor series itself was not used, 
since its error is far greater at the right 
end of this range than at the left end, and 
furthermore is of the same sign through- 
out. Both of these facts indicate that the 
Taylor series is wasteful of effort. The 
formula given here is one of “greatest 
ccoi~omy” or “minimas” type. 

The formula was obtained by fitting 
a straight line to the function i/z in such 
a way that the errors were positive at 
each end of the range and negative in 
the middle. The straight line was de- 
termincd by requiring that the errors in 
i at i(12) = 30/o, ‘i(12’ = 180/o, and ;Ir2) 
= 24% be equal in size and alternating 
in sign. There arc several ways of per- 
forming the mechanics; a good discus- 
sion is given by Cecil Hastings in Ap- 
pro.xirn.ations for Digital Computers, 
(Princeton University Press). 

Consider the esample given above. 
The usual rule gives i as (24/13) (6/94) 
= 11.78%. The formula of this note 
gives i as 12.21%, correct to the digits 
shown (with a possible -c 1 in the last 
digit due to rounding); a dirIference.of 
almost one-half a percentage point. 

Corresponding formulas for 24 and 
36month loans and the range of 24% to 
48% have also been developed. 

Since the subject of consumer loan 
chnrgcs is discussed frequently in the 
press and cvcn is a minor political issue, 
perhaps such formulas will provide more 
accurate i811ustrations of the true effective 
annual interest rate. And until a univer- 
sal Truth-In-Lending hill is ljasscd,’ 
they may assist actuaries in calculating 
the cost of nutoniol\ile loans. cl 

‘S. 5, Consrrmer Credit Prolectim Act, 
was siped by tire Presiderlt, h!(ly 29, 
1968.’ 


