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constructs of sociology and political science are designed to help us 
understand such behavior. 

A Simple Model: Compound Interest 

Our definition of model seems to be getting broader and broader, so 
perhaps it is time to turn to a more restricted type that is in fact what many 
analysts mean when they speak of models. T~es~ are the for~al math~mat
ical models that describe explicitly the quant1tat1ve changes m a particular 
variable or system in response to various stimuli . For exa?1ple, ~uppose. we 
wish to investigate what happens to a sum of money that _is l~ft m a .sav1~gs 
bank for a number of years. (We deliberately choose this simple situation 
because it is one with which all our readers will be thoroughly familiar:) 
What facts do we need? We need to know the initial sum of money (call it 
S

0
), the rate of interest paid on the sum on deposit (call it r), and hhow long 

the money is to be left in the bank (let /1 be the number of years) . T ese are 
the parameters of the problem. The term parameter is used to su~gest that 
the particular variable in question is fixed, at least .for the. duration of the 
present exercise. The decision maker is to t~ke 1t as g1v~n; he cannot 
change it. It implies, however, that the model 1s formulated m such a way 
that it can handle a parameter change should one occur. 

Following this notation, S 11 will be the sum at the end of n years. We 
can illustrate the progression from the original deposit to the sum after n 

years with the following diagram: 

5 0 -> J model 1-. S,, 

What does this model actually look like? Supposer = .05. At the end of the 
first year we have a sum S,, which is related to the original sum by the 

formula: 

S 1 = ( 1.05)50 

That is $I will yield just $ i .05. (The rather backward bank of this example 
compo~nds interest annually, though its real-world competitors have been 
driven to daily compounding.) At the end of the second year we have 

S2 = (I.05)5 1 = (1.05)(1.05)S0 = (l.05)2So 

And at the end of n years we have an amount 

S 11 = ( l.05)"S0 

This, then, is the analytical model for compound interest at 5 percent. The 
general model for any rate r is 

S,, = (I + r)"So 

The mathematical models in the chapters that follow are more com
plex, but we will continue to make use of the simple compound inte~est 
model for purposes of definition and exposition. One class of mathematical 

Types of Models 

models, those involving statistical inference, are not discussed in this book, 
since they are well covered in many elementary texts .2 

Frequently the study of a complex problem will make use of several 
subsidiary mathematical models to predict the changes in important varia
bles , or the consequences of different policy choices or of different 
assumptions about the true state of the world . Many people find that the 
use of physical or conceptual models comes naturally to them, although 
they may have to remind themselves, say, to try a flow chart in a particular 
situation. It is the mathematical models and their quantitative implications 
that seem more difficult , and for this reason disproportionate attent ion is 
devoted to them in the subsequent discussion. 

Before moving on, we should mention one further use of the term 
model that has proven confusing to some students of policy analysis. Some 
people in the field have come to use the term broadly to refer to several 
separate models addressed to a common issue. As an example, suppose 
Alice Smith has analyzed the problem of public transportation in the city of 
Brownbury, using a number of subsidiary models · to predict population 
growth, changing land-use patterns, or what have you. Even though she 
may not provide a comprehensive model of the complete transportation 
system, her entire product will often be referred to as "the Smith model." 
This is not a strictly accurate use of the term, but most of us have learned 
to live with it. 

Formal models are used increasingly in the analysis of public systems. 
Hence, merely for purposes of speaking the language , a familiarity with 
them is of growing importance for people in associated fields. In acquiring 
this familiarity, the student must necessarily start with narrow and specific 
applications of various models. He thus runs the risk that he will overem
phasize the solution aspect of modeling, which is really its least significant 
feature. Much more important is learning how to use models to formulate 
problems better, especially those broad , fuzzy problems where it is hard to 
know how to begin, and to get others to discuss what they feel to be their 
essential elements. As a further payoff, you will find that as you use 
models more and more, you begin to develop analytic insights in other 
situations where you do not consciously engage in a modeling process. 

What we have presented here is by no means an exhaustive list of all 
the kinds of models you may encounter or use. To reiterate, however, all 
models have one basic feature in common- they aim at reducing the 
complexity of the problem at hand by eliminating nonessential features so 
that we may concentrate on the features that describe the primary behavior 
of the significant variables. 

Descriptive vs. Prescriptive Models 

Improved decision making is the goal of model building. The ultimate 
justification for models must thus rest on their usefulness in aiding 
decisions. Some models illuminate choices by showing us more clearly 

2 See, for example, Ralph E . Bea.ls, Statistics f or Economists (Chicago: Rand Mc Nally , 1970) . 
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14 Models: A General Discussion 

what those choices entail, what outcomes will result from what actions. 
These models are called descriptive; they describe the way the world 
operates. Others go fu_rther and provide rules for making the optimal 
choice. They are categorized as prescriptive; they help prescribe courses of 
action. The distinction is worth pinning down, so let's try to be more 
precise. 

A descriptive model is just what you would expect: it attempts to 
describe or explain something, or to predict how some variables will 
respond to changes in other parts of a system. The "something" may be an 
entire system or only a piece of it. We mentioned earlier that the relation 
between action and consequence may be complex indeed. It is this 
relationship that the descriptive model focuses on, perhaps on its entirety, 
perhaps on only a part of it. For example, an environmentalist may model 
the flow of pollutants· through a particular body of water; an econometri
cian may construct a model of the entire economy in an attempt to predict 
the effects of alternative tax proposals. 

A prescriptive or normative or optimizing model-take your pick
consists of two parts. The first part is a descriptive model that encompas
ses all the choices open to the decision maker and predicts the outcome of 
each. (If he has no choice as to the actions he may take, or if all actions 
lead to the same outcome, then he has no problem and there is no need for 
a prescriptive model.) The second part of a prescriptive model is a set of 
procedures for choosing among alternative actions, given the decision 
maker's preferences among the outcomes. Prescriptive modeling includes 
procedures to help the decision maker sort out those preferences. 

We may illustrate these definitions with the descriptive model of 
accumulating compound interest that we discussed earlier. Generalizing the 
model so that it holds for any interest rater, we find that 

S,. = (I + r)"S0 

where S 0 is the initial sum of money and S,. the amount to which So 
accumulates after n years. As it stands, this is a simple descriptive model; 
it predicts the amount to which a given sum of money will accumulate if it 
is left in the bank for a given number of years at a given annual interest 
rate. It is not a prescriptive model because (I) as it is constructed, no 
indication is given that the decision maker has any choice as to the values 
of r or /1 or S0 . In other words, the model is not formulated in terms of 
alternatives . The choices may be there, but if they are we have not been 
told what they are. And (2) even if we were to redraft the model so that it 
relates the outcome Sn to some sort of a choice of r or n or S0 , we have no 
criteria for evaluating different S,.s. 

Let's construct an artificial situation in which we can convert this into 
a prescriptive model. Suppose, first, that our decision maker has a fixed 
sum, $ I0,000, which he has already decided will be left in a savings bank 
for 2 years . He can deposit the money in any of five banks, which are 
essentially identical in every respect that is important to the decision maker 
except one- they do not all pay the same rate of interest. The first bank 
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pays r1 percent, the second r 2, and so on. Now our compound interest 
model becomes 

i =I, . . . , 5 

:"'here S 21 is the accumulation at the end of two years if $10,000 is deposited 
m the ith bank, and r1 is the rate paid by the ith bank. Now the decision 
maker has a choice among actions (i.e., among banks) and these actions 
lead to different outcomes . This takes care of the first part of the 
prescriptive model discussed above. 

To satisfy the second part of a prescriptive model, we need a rule for 
choosing among actions that reflects the decision maker's preferences as to 
the . outcomes or S2 ;S. Let us assume that our decision maker is a 
straightforward person who prefers more to less. The decision rule in this 
case is obvious: to maximize S 21, choose the bank with the largest r. The 
model is now prescriptive, albeit trivial. 
. How might this model become more complicated? Well, for one thing , 

different banks may have different kinds of service charges associated with 
their accounts, or may offer different borrowing privileges to depositors. 
Some may reward a new depositor with an electric blanket; others offer 
him tickets to the World Series or a collapsible dinghy. The interest rates 
may be guaranteed for different periods of time, or the notice of withdrawal 
r~quirements_ may differ. Most important, different types and degrees of 
risk may be mvolved, especially if one is choosing not just among savings 
~anks but among _different types of investment instruments. Such complica
tions would require a more elaborate descriptive model, as well as a fa r 
more complex decision rule to deal with the decision maker's preferences 
for income, convenience, risk, and the like. 

1~ ~IJ this sounds easy, don ' t be misled; it isn't. Constructing a 
descriptive mode l may be extremely difficult, especially when the relation 
between_ action and outcome is complex or remote. Determining objectives 
and finding ways to evaluate outcomes in terms of those objectives is likely 
to be even harder. If complications can conveniently be introduced one by 
one, however, we may learn to deal with increasingly complex situations. 

Deterministic vs. Probabilistic Models 

We have de~ned models as simplified representations of reality, and it is 
natural t,o thm~ of ~eali~y as consisting of hard facts and sure things. Many 
models deal with s1tuat1ons where each action has a certain outcome. You 
flick the switch and the light goes on; you take an automobile plant and add 
prescribed quantities of materials and labor, and a given number of cars 
come off the assembly line. This does not mean that nothing ever goes 
wrong. Now and then something obviously does. What it does mean is that 
the outcome of an action is so close to being a sure thing that the model 
rriay take it as certain. 

Jn other situations the true state of affairs is not at all certain
nevertheless, you are satisfied to treat it as certain. Perhaps some elemen; 
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in your model behaves randomly, but you know that using ~n averag.e 
value will provide a sufficiently good approximation. Per pupil expendi
tures, for example, are frequently used in models of school systems . . or 
perhaps you would like to test the implications of various alternalive 
assumptions . In population forecasts, for example, a model of how 
population changes over time may make use of several altern~t1ve sets of 
assumptions about birth and death rates, without any commitment as to 
which set is the most likely. If you assess the likelihood that each of these 
sets of assumptions is c01Tect, then you may be able to predict the 
likelihood that each corresponding outcome will be observed. No~e, 
however, that for each set of assumptions the outcome is taken as certa~n. 

Models such as these in which the outcome is assumed to be certam, 
are called deterministic. Given the relationships, the initial conditions, ~nd 
the actions (which may be simply the passage of time, as in a population 
model), the outcome is uniquely determined. . . 

You might think that this is as far as we can go with models , ~ut it 
isn't. In some situations the outcome of a particular action i~ not ~mque. 
Instead there is a range or a number of possible outcomes, tor w~1.ch the 
probabilities may be estimated. Many models relating to health policies are 
of this sort. We might wish to model, for example, the progress .of ~n 
epidemic. Suppose that , on average, 30 percent of the people co?1mg m 
contact with the victim of a certain disease will themselves catch it. If ~ 0 
people are exposed, on average 3 will get sick. But some~imes 2 or 4 will 
catch the disease, and there is a small chance that all lO will. A mode.I that 
considers the various possible outcomes can help health planners estimate 
the probabilities of experiences of various sizes. . 

In such cases it is frequently possible to construct a model tha~ .w1.11 
help us to trace the consequences of various actions that ha:e probab1h.st1c 
outcomes. Such a probabilistic model will illuminate the kmds of choices 
we are facing far better than a model that relies simply on an av~~a~e 
value. 3 Since some of the inputs or some of the processes are pr?ba~1hst1c 
in nature, we will necessarily end up with a probability distnbut1on of 
possible outcomes. . 

Let us milk one more illustration out of the compound mterest m~de~ . 
Suppose you have decided to deposit $ I0,000 in the local bank and let 1t sit 
there for 2 years. At present the bank pays 5 percent per year, com
pounded annually, but realistically you know that . next yea.r's i.nterest .rate 
is subject to change. You estimate that the probab1hty that 1t w1\.I re~am at 
5 percent is .6; that it will increase to 5\4 percent, .3; and that it will drop 
to 4~ percent, .1. 

3 The distinction between a deterministic a nd a probabilistic model isn't. very important in 
itself. But you should know that there a re more ways to cope with variables that behave 
randomly than just taking an average and letting. 1t go at thaL Looked at from the. proper 
angle, a deterministic model is simply a probab1hst1c model m which the p1obab1ht1es of 
various outcomes happen to be either 0 or 100 percent. For.example, a thrown ball has a JOO 
percent chance of coming down, a O percent chance of contmumg upward mdefinllely. 

' L 

In tabular form, 

p (.05) = .6 

p(.0525) = .3 

p(.0475) = . l 

Choosing the "Right" Model 

where p(.05) means "the probability that the interest rate in the second 
year is .05." 

The model that predicts how we'll make out with our money is 

S 2 = ($10,000)( l.05)(1 + r2) 

where S2 is the sum on deposit at the end of 2 years and r
2 

is the interest 
rate in the second year. 

We might simply find the average of the possible values that S
2 

could 
achieve. But in fact we can do better than that. Given our probability 
estimates for each interest rate, we can predict that 

p(S2 = $11,025) = .6 

p(S2 = $ 11 ,051.25) = .3 

p(S2 = $10,998.75) = .l 

Thus in this primitive probabilistic model, the probability distribution for S
2 

coming out of the model happens to be the same as that for r
2 

going in. 
As an example of a more complex probabilistic model, consider the 

IRS office where people queue up to wait for assistance in preparing their 
income tax returns. They arrive irregularly , according to some probability 
distribution; the time it takes to serve each taxpayer is also irregular, and 
follows another probability distribution. If we model the queuing process, 
we will be able to predict the waiting times, or the length of the queues, in 
the form of still more probability distributions that will hardly be identical 
to or as simple as those with which we started. This distribution will be 
valuable in helping the director of the office to balance personnel costs 
against waiting times for the customers. 

These probabilistic models are descriptive; without additional inputs 
they tell us nothing about how to make choices among chancy outcomes. 
Later in this book we will consider an important prescriptive· model for 
decision making under uncertainty; it is generally known as decision 
analysis . 

Choosing the "Right" Model 
Our choice among models depends on the type of situation we confront 
what we want to know, the level of detail we need, and the variables tha~ 
we can control. The model will be judged by how well it works, or by how 
accurately it predicts, whether it is a complex set of equations fed foto a 
computer or merely a few pencil scratches on the back of an envelope. 
This means that the assumptions that drive a good model must be accurate. 
We must take great care with assumptions that play an important role in 
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value of different types of information. It may focus our attention on how 
little we know about a situation. If more information may be available in 
the near future, the desirability of postponing all or part of a decision in 
order to maintain flexibility becomes obvious. It may even be advisable to 
spend time and money to get more information before making a decision. 

A further advantage is the possibility of experimenting with the model 
rather than with the system itself. This is likely to be particularly valuable 
in planning a new public facility, such as a hospital. Planners need to know 
the implications for design of assumptions about a host of variables such as 
intensive care load, emergency arrival rate, and the like. In such a case it 
may be impossible to experiment with the hospital itself, and it certainly 
would be prohibitively expensive in terms of time, money, morale, and 
health. The model highlights the critical tradeoffs, such as longer stays for 
chronic-care patients versus an extra day for maternity cases . 

In other situations, experiments with a model may suggest potential 
beneficial changes in a system that warrant cautious moves in a particular 
direction. In I 965 a famous case of this sort resulted in a dramatic 
improvement in the service provided by the Northeast Frontier Railway in 
India. On this single-line railway, trains moving in opposite directions 
could cross only at crossing stations, which necessarily involved halting at 
least one of the trains. Delays were monumental. Analysts experimented 
with a simplified mathematical model and found that the number of such 
crossing delays rises sharply with the number of trains using the line. In 
fact, the number of delays increases more rapidly than the square of the 
number of trains. Thus an increase from 10 to 11 trains per day would bring 
about not just a 10 percent increase in the number of crossing delays, but 
rather an increase of (11 2 - 102)/102

, or 21 percent. This finding suggested 
that the railroad should try running 2 of its 15 trains coupled. When the 
experiment resulted in a better than 20 percent improvement in the average 
number of kilometers each diesel engine covered in a day, the scheme was 

extended.·1 

Constructing a model frequently facilitates communication among 
those concerned with a policy issue. It makes specific the definition of the 
problem (or at least of a piece of it); it sets out · on paper what might 
otherwise remain buried in the analyst's mind. (This seems to be the one 
point on which harmony prevails among admirers and critics of that famous 
volume modeling world economic behavior, The Limits ro Growth.)

5 
More

over when we refer to frequently employed classical models-linear 
prog;·amming, for instance-we employ a common language that permits 
shortcuts in communication. To be sure, this degree of precision makes it 
harder to smudge over some factors, and in some situations (especially 
those political in nature) this may be a disadvantage as well as an 
advantage. 

Perhaps most impOTtant of all, experience with modeling helps us 

•For a description of the model, see Jagjit Singh, Grear Ideas of Operations Research (New 
York: Dover Publications, Inc., 1%8), p. 165. 
>Donella H. Meadows, Dennis L. Meadows, h>lrgen Randers, and William W. Behrens Ill 
(New York: Universe Books, 1972). \ 
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The Advantages and Limitations of Models 

develop general insights that can be applied even to unfamiliar situations. 
For example, we soon learn that systems involving queues often behave in 
an almost counterintuitive fashion; even a very small increase in service 
capacity offered may radically reduce waiting time at a facility . 

How much should the individual who desires a broad, rather than 
deep, comprehension of policy analysis know about actual models? We 
suggest the following five goals, in no particular order of priority: 

I. You should become aware of a few conceptual models that are 
widely useful because they provide a shorthand description of situations or 
processes that pervade our society . Earlier we cited feedback and conta
gion as widely used conceptual models, and mentioned Hardin's famous 
model of the commons. You should become knowledgeable about the 
existence of the formal models most commonly used in statistics, in project 
evaluation, and in operations research . Some of these, such as benefit-cost 
analysis, linear programming, and decision analysis, are discussed in some 
detail later in this volume. 

2. You should acquire the habit of asking yourself, when faced with a 
complex problem , if constructing a model would shed any light on the 
problem or subject you to the discipline of testing your own understanding. 
You should develop both an ability to construct simple models of your own 
and _t~e habit of relying on an expert to refine the model and develop 
empmcal data as a problem becomes more technical. 

3. You should learn to use some of the more basic formal models in 
thinking about the structure of a problem even when you do not carry your 
thinking to the point of quantification. The insights gained through this 
nonrigorous use of modeling concepts may well be the most valuable 
outcome of a study of modeling. 

4 . To accompany your enhanced technical proficiency, you should 
develop a healthy and informed skepticism about models, and become 
aware of their limitations. A good way to start is by making sure that you 
understand all the assumptions about the relationships that the model 
implies and the data that it uses . Test the model's plausibility by seeing 
how it performs under simple conditions. Ask some probing questions: 
What are the critical features of the model that is being presented to you? 
Where may it diverge from reality in a manner that might lead our 
reasoning astray? What about causality-are you dealing with a situation 
where it is essential to understand why the variables in a system behave 
the way they do, or is simply modeling the observed relationship sufficient 
for your !JUrposes? What parameter values are significant, in the sense that 
changing them would drastically change the predictions made or choices 
suggested by the model? Indeed , you should be careful to develop your 
own models in such a way that you can answer these questions. 

5. You should keep the real world of policy making in mind as you 
build or use a model. A model so vast and so complex that no one can 
understand how it works will benefit neither the modeler nor the client of 
the analysis. 

In the next chapter we will begin to discuss types of mathematical 
models in greater detail. We will then introduce a variety of widely used 
modeling techniques that have proven particularly useful in practice. 




