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1. Preli~inary Remarks 

Many persons would defend a sharp comparison of public policy and 
publio science with judgments uniformly unfavorable to policy. 
Science is pure, policy is not. Science is essentially theoretical, 
policy is not. Science is rational, policy is not. Science deals in 
the factual and uncontroversial policy does not. Although it is not 
my claim that public science public policy are the same thing, it 
yill be a central thesis of what I have to say that the resemblances 
between public science and public policy are much closer than they 
seem, and consequently the philosophy of science and the philosophy 
of public policy are not widely divergent. 

There is one meaning of philosophy of public policy, however, that 
I want to stay clear of. It is also associated with a meaning that 
can be attached to the philosophy of science. I shall not be 
considering the aspect of the philosophy of public policy that is 
concerned with broad value judgments that should underlie attitudes toward 
particular policies. It is not my purpose here to defend or criticize 
either conservative, liberal, or Marxist conceptions of policy. I 
certainly have my views about such matters but they are not on exhibit 
today. Much of what I have to say might better be entitled 'A 
comparison between scientific methodology and public-policy 
methodology;. Another distinction about science that extends to 
policy is the distinction between scientific activity and scientific 
results. Much of methodology, and much of the philosophy of science 
more generally, is concerned with the exa~ination of the character of 
scientific results and their justification. Scientific activity as 
such is often treated as a practical matter and not really as an 
essential part of the philosophy of science. That will not be the 
attitude here. What I have to say is meant to encompass both 
activity and results. 

My first pOint in arguing for the si~ilarity of science and policy 
is that pluralistic conceptions of both are required. Any salient 
part of science we take as a model of what science is will be 
misleading. Even in that most sophisticated of the empirical 
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sciences, physics, the differences in the activities and results of 
theoretical physicists and experi~ental physicists are striking, 
Again, differentiation within these ~roups is easily possible, 
Theoretical physicists who are mainly interested in ~athematical 
results are of a different stripe from those interested in radically 
new concepts. Detailed techniques in various parts of experimental 
physics vary so greatly and are so unique in character that it is 
rarely the case that an individual who does experiments in one area 
also contributes to experiments in another. But physicists as 
scientists are at le~st taught a common body of classical results. 
Physiological psychologists or econometricians live in quite different 
worlds in terms of scholarship, technique and shared common results. 
The same can be said about policy. Talk about nuclear policy rarely 
intersects with talk about taxation policy. The schol~stic and 
involuted prose, as well as the thought behind it, of the 1984 Tax 
Recovery A('t see"llS as remote from "nuclear-winter" studies as do 
experiments on high-energy physics from molecular biology. So a 
point that' I insist upon is the m::my-splendored character of both 
science and public policy. 

A second point I want to stress is the intimate commingling of 
science and public policy. Perhaps most of us recognize that in our 
time if not in the more remote past, public policy rests upon an 
extensive use of scientific data and, on occasion, scientific theory. 
It is essential to note that when we look at policy legislation, such 
data will be missing. But the data can be found in the Congressional 
Record of the pertinent hearings, or some other comparable place. 

An important and at the same time amusing illustration of the 
commingling of science and policy was described in one of the lead 
articles of the Wall street Journal on October 10, 1984, by Arlen J. 
Large and Hal Lancaster. The discussion was about the Super Collider 
which is proposed for the 1990s. 

Some people call it lithe ultimate energy machine,1i and many people 
would like it in their backyards. It might be nicknamed the 
"desertron" if located in Arizona, or the "Swa'TIpatron" in Florida 
or even the "Texatron" in Texas. 

Its official na"lle--the Superconducting Super Collider--sounds just 
as silly. But nobody is joking about the price tag. At $4 
billion or more, it would be the world's roost expensive scientific 
instr~'TIent. It would be built by--who else?--the U.S. government. 

In scale, the proposed machine would be super indeed. It would 
take the form of a circular tunnel perhaps 70 miles long and lined 
by powerful magnets that would accelerate two beams of atomic 
particles on a collision course. When those be~"lls smashed together 
with energies never before achieved on Earth, the patterns emerging 
from the resulting shower of micro-debris would give scientists 
their best look yet at the fantastic, subatomic domain of quarks, 
gluons and heaven knows what else... . [The machine] should also 
open new frontiers in pork barrel politics. So far, only 
relatively s~all a'TIounts have been appropriated for research on the 
project. Bigger battles loom. First of ~ll, the physics community 
must persuade elected politicians that quark-busting is worth the 
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price of a good old-fashioned aircraft carrier. After all, this is 
as basic as science gets; even the particle physicists themselves 
are hard-pressed to explain the immediate tangible benefits of 
their work. 

"Scientists better start learning a few things besides Z particles 
and quarks," says Republican Rep. Willia'll Carney, whose Long Island 
district includes the big Brookhaven National Laboratory, "and get 
together a coalition of 218 votes in the House. They need to make 
sure enough pieces of the machine are manufactured in enough 
congressional districts around the country so that they start to 
build a constituency." 

As is evident from this quotation, the next big steps in high­
energy physics depend upon major policy decisions that represent a 
significant allocation of resources, ~d these funds could obviously 
be spent in many other desirable ways for scientific projects or 
policy priorities having nothing to do as such with scientific 
research. When science reaches the stage of the Super Collider 
project, it is totally dependent upon public policy decisions. It is 
also obvious that the debate over public policy will be full of 
scientific arguments about the potential of the Super Collider and 
what it should mean for physics in the rest of this century. 

But cOnL'l1ingling does not produce identity. High-energy physics 
remains distinct from policy about it. We all easily recognize the 
conceptual difference between questions about quarks and those about 
the budgets for finding them. 

From a methodological standpoint there are three obvious 
comparisons to make in examining the character of our answers to 
policy questions as opposed to scientific questions. All three 
comparisons are unfavorable to policy studies. 

First, there is the matter of the statistical analysis of data. 
In almost every scientific discipline, even routine reports of 
experiments or of data gathered by nonexperimental methods include at 
least rUdimentary forms of statistical analysis. In policy studies 
of the COnL'l1on variety such analysis is the exoeption rather than the 
rule. 

Second, in many areas of science the use of theory is extended and 
tortuous. Once a theory has some kind of empirical status it is the 
hallmark of good science to push it to the limits in as many 
directions as possible. A similar intensive use of theories is 
scarcely visible in most policy studies. Of course, it may be 
properly retorted that we do not want theories pushed to their limits 
in policy determinations. We want something much more conservative, 
but we can also use our established theories to make policy-relevant, 
quantitative inferences, as they are used in good engineering and 
applied scientific work. 

Third, predictions do not play the same essential role in policy 
stUdies that they do in much of science. Perhaps a better formulation 
would be this. It is common, as a part of policy studies or formal 
policy reco~mendations by many different groups in our society, to 
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make a variety of mainly qualitative predictions about future 
scientific research~ future energy needs, future population growth, 
etc. But it is rare for these policy~oriented predictions to be 
evaluated for accuracy at any later date. I expand upon this 
point later. 

I turn now to a more systematic analysis. 

2. Models of Justified Procedures 

The familiar Aristotelian model of rationality centers around the 
giving of good reasons for actions, and it might be thought that the 
Aristotelian model is the right one to consider here. However, I do 
not think this is so. To begin with, a richer and better model in 
Greek thought is that which is to be found in Greek ~athematics. The 
relevant mathematical distinction corresponds only roughly to 
Aristotle's distinction between theoretical and practical syllogisms. 
The distinction I have in mind is the distinction to be found in 
Euclid ~nd other Greek mathematicians between problems and theorems. 
Let us recall to begin with how this distinction works in Greek 
geometry. A theorem asserts something that is true of a given type 
of figure or combination of figures. Such truth we might take to be 
a hallmark of scientific knowledge. A problem or construction, on 
the other hand, poses something that must be done, an action that 
must be taken, for exa'11ple, to give a procedure lion a given finite 
straight line to construct an equilateral triangle," which is 
Proposition 1, Book I of Euclid's Elements. How I w~nt to think about 
these matters here should be evident. The answer to a problem in the 
Greek sense is a procedure and we can think of this procedure as 
corresponding to showing what is the solution to a problem of policy. 
In the Greek ~~thematical context, the solution of a problem naturally 
has two parts. One is to give the construction itself and the second 
is to prove that the construction is correct. Characteristically in 
EUClid, the truth that a construction is correct is 00ncluded by 
saying "being what it was required to do." In such a proof the 
construction and the justification are given hand in hand. On the 
other hand, in the case of a theorem, the characteristic closing of 
the proof is to say "being what it was required to prove. 1I 

As a preliminary remark to be developed more as we go along, one 
of the important features of Euclid's intertwining of problems and 
theorems is that, although there is a sharp conceptual distinction 
between the two, the justification or proof of each proceeds along 
very si~ilar lines. There is no general distinction in the methods 
of proof that constructions are correct or theorems valid. Such a 
close intertwining of practice and theory seems natural and 
straightforward in the case of a highly focused subject like geometry. 
In extraordinarily broad policy matters it seems artificial and 
somewh~t bizarre. The point I shall want to make later is that in 
many areas of policy, in fact, in the areas of policy that have most 
changed over the past few decades, the intertwining of practice and 
theory, of constructions and theorems, is very natural and is very 
characteristic of contemporary work. 

Before going on to consider some modern exa~ples to illustrate 
these general remarks, I stop to quote Proclus on the primacy of 



problems over theorems in practical contexts. 

Now problems rightly do come before theorems in order of 
presentation, especially for those who are coming to science from 
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the arts concerned with sensible things; but in worth theorems are 
superior to problems. All of geometry, it appears, where it 
touches on the various arts, operates by way of problems; but where 
it borders on the highest science it rises by way of theorems from 
problems to theorems, from secondary to primary things, from the more 
practical arts to the more scientific insights. (Proc1us, p. 190). 

As applied to policy questions and in general other practical 
considerations, the modern theory of problems, with direct antecedents 
in Greek mathematics, is typified by the search for optimal solutions. 
Problems of optimization are very old, with one of the earliest 
exa~ples being the well-known Proposition 27 of Book VI of Euclid, 
which in modern terms gives a method for solving quadratic equations. 
It is formulated in Greek fashion in terms of finding a p~rallelogram 
greatest in area satisfying certain constraints. Elementary methods 
of optimization are the stock in trade of courses in the differential 
and integr~l calculus, and they represent some of the most powerful 
analytical techniques ever developed for quantitative analysis of 
experience. It ~ay, however, be said that especially since the 
beginning of World War II the theory of optimality and its application 
to real-world problems has become a mature science. An optimization 
problem usually has two main components. One is to characterize 
an objective function, which is to be maximized or minimized. 
Ordinarily this objective function expresses in mathematical form the 
policy that may be implemented in quantitative fashion by obtaining a 
solution. The second part of the problem formulates the constraints 
imposed by the empirical conditions relevant to the problem being 
considered. 

As a first exa~ple, in the spirit of Ada~ Smith and David 
Ricardo, consider a small firm running a factory that produces two 
commodities and in any production run produces x1 of the first 
type and x

2 
of the second. Let us suppose that the profit on the 

second type is three ti~es that on the first. Then under a simple 
theory of profit maximization the objective function to be maximized 
is x

1 
+ 3x2. But there are a variety of constraints to be 

considered. Let us suppose that the machinery and other aspects of 
production are such that no more th~~ six units of the second 
commodity can be produced, and secondly, that no more than a total 
of twelve units can be produced in a given run. Moreover, we h~ve 
the natural requirement that we cannot have negative production. So 
x

1 
~nd x must both be nonnegative. With these constraints, even 

though th~ profit on the second type of commodity is three times that 
on the first, it is easy to show that profit is maximized by producing 
in each time period six of each commodity. The problem could not be 
more trivial and economically uninteresting. The point is to exhibit 
the methodology. The conceptual formulation of the proble~ is 
certainly on all fours with the Greek formulation of a problem, as 
opposed to that of a theorem. Modern exa~ples of linear programming 
can be found in a wide variety of industries and in application to a 
wide variety of problems. Because of the range of applications, a 
great effort has been put into developing practical methods of 
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solution. It is in fact, only in the last thirty years that really 
good methods have been available, With the concurrent availability 
of powerful computers it is now to build eoonomio models 
involving several thousand Problems that were unthinkable 
in terms of actual solution no more than forty years ago are now 
tackled in routine fashion. 

It would of course be a mistake to think that the 
of such methods always yield sensible results. !n the of 
linear programming there is the famous tale of the army's desire to 
minimize the cost of feeding troops, subject to nutritional 
constraints. The resulting analysis had a clear and simple solution, 
Serve beans and only beans three meals a day, seven days a week, 
Obviously the constraints that were placed on the solution were too 
Simpleminded to yield a satisfaotory solution. Unfortunately, 
simplemindedness is not a defeot only of quantitative solutions to 
policy problems but holds at least as widely for nonquantitative ones 
as well. One of our jobs as philosophers of soience is to lay the 
foundations for approaches that eliminate or at least reduce the 
number of such simpleminded solutions. 

A seoond exa~ple reaches back to what is probably John Stuart 
Mill's most important contribution to eoonomic theory, his law of 
international value, first formulated in his essay liOn the Laws of 
Interchange between Nations" (1844), subsequently revised and extended 
in various editions of his ~~~~~ 
terms the problem is to find there 
produotion of goods which maximizes a given 
following technological and economio constraints: 

(i) Every good is actually produced; 

(ii) No country can produce the total world 
cheaply than it can produoe the total 
in which it specializes. 

good less 
any good 

contrary to much later opinion, Mill got the story just right in his 
colorful example of the production of linen and cloth by England and 
Germany (see Chipman 1965, for a detailed exposition). (In other 
language, Mill showed that under the constraints he i~posed, there 
existed a unique oompetitive equilibri~~.) It might be objected that 
this Millian is not really about a polioy question but the 
application of to a faotual question about trade. 
However, the kind of optimization result refleoted in the existence 
of a competitive equilibriQ~ is just the sort currently used in 
worldwide debates about the optimal mixes of freedom and constraint 
in international trade. We are oertainly here dealing with questions 
of high public polioy, for the discussion of import restrictions on 
automObiles, steel, television sets, etc., is a recurrent theme of 
ourrent reporting of world economic conditions. 

High policies or low, mathematioal and quantitative methods of 
~ttaok are one of the most characteristic features of policy analyses 
in the second half of the twentieth century, To descend from the 
sublime arena of world trade to a lowly but fretful example that we 
all encounter almost daily, consider the problem of selecting the 
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optimum length for an a~ber light to stay on at a traffic signal. 
The rule of thumb in traffic circles is for each ten miles up to the 
speed limit to have the amber light on for one second. Thus, if the 
speed limit is 35 miles an hour the a~ber light should be on for 3-1/2 
seconds. Rather simple models easily show that the rule of th~~b does 
not yield an optim~~ result. It is not pertinent here to pursue this 
exa~ple (see Drew 1978). It is only meant to illustrate that the 
range of systematic problems requiring a policy determination is 
practically unbounded. 

The intellectual tradition is now widely institutionalized. 
Operational analysts and economic planners talk the sa~e language in 
every part of the world and try to apply their methods to as many 
problems as they can. This multi-splendored application of 
mathematical and quantitative methods to policy questions raises a 
n~~ber of questions that could be the proper focus of study in the 
philosophy of science but as yet seldom have been. 

3. Some Philosophical Opportunities 

I want to mention at least four broad categories of problems that 
certainly could benefit from deeper study. 

3.1 N~~erical Models 

The explicit relations between theory, mathematical model, and 
computation are often only briefly and incompletely laid out in many 
policy frameworks. There are several aspects of these relationships 
that need further analysis. First, it is characteristic of the 
mathematical models widely used in policy studies not to have 
solutions in closed symbolic for~ for many of the cases of interest. 
Linear programming applications are typical. Suppose that we are 
studying an economic or logistical problem involving several hundred 
variables and possibly several thousand. There is no hope of having 
a symbolic solution. We obtain solutions for particular numerical 
sets of coefficients. Moreover, in all but the most trivial cases, 
we will not have a unique solution but a convex polyhedron of 
solutions. There is a conceptual shift here from the ideals at least 
of classical science and its search for unique closed-form solutions. 
After all, it is an old Methodological axiom of physics that when the 
initial and boundary conditions are completely specified the behavior 
of a physical system is uniquely determined. This is not at all the 
situation in a wide variety of the mathematical models used in policy 
studies. To the charge that a real watershed change is taking place 
in moving away from closed-form solutions to numerical solutions, the 
response can be made that this is the case already for much of modern 
physics and quant~~ chemistry, but still it has remained of interest 
in physics and in chemistry to compute solutions for trivial 
one-dimensional cases, etc., in order to give a conceptual sense of 
theoretical developments. In contrast, in the kinds of applications 
I a~ referring to here in policy studies, such small dimensional 
studies are of really no interest at all. In this respect, it might 
well be said appropriately that mathematical models are used in policy 
studies much more in the style of engineering than in the style of 
pure science. 
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But one does not want to overdo this point either. Already in the 
classical case of the three-body problem~ closed form solutions are 
not possible. It was shown by Bruns now almost a hundred years ago 
(1887) that in the three-body problem the ten conditions of 
oonservation are the only algebraic constraints possible--six equations 
coming from the conservation of moment~~, three from the conservation 
of angular moment~~~ and one from the conservation of energy. More 
funda~entally, infinite series approximations are shown to be 
essential by Poinoare. Indeed perhaps Poincare's most celebrated 
theorem in celestial mechanics is that if the infinite series used 
converge at all, they cannot converge uniformly for all values of time 
and simultaneously for all values of the constants, even when held 
between fixed limits. It is not to the purpose here to pursue the 
three-body problem in detail. What is important is that the kinds of 
purely n~~erical approaches characteristic of the mathematical models 
used in policy studies are also characteristic of much advanced 
science. We have not made as much of that in the philosophy of 
scienoe, in my judgment, as we should have. tn faot, there seems to 
be a general philosophical distaste for analyzing the specific meaning 
of real n~~erical data. 

3.2 Statistioal Methodology 

In policy studies that use the kinds of ~odels I have been talking 
about and that appeal to real data, there often needs to be a deeper 
development of the statistical methodology. It is a point of some 
interest from the standpoint of the philosophy of science to analyze 
and oriticize the relation between such developed mathematical models 
and statistical aspects of the data or parameters being used. I very 
much agree with that famous remark of de Finetti's that in building a 
house it is better to build on sand than on the VOid, but we like to 
know as muoh as we can about foundational matters. A very good exa~ple 
of a problem that oocurs repeatedly is the desirability of knowing 
something about the joint distribution of parameters. All too often 
we are content to look only at the marginal distributions of paramaters 
and ignore evident data on dependencies. For philosophers, suoh 
questions are of partioular interest because of the close connections 
between causality and evidence of probabilistic dependence. Notioe 
that this is not so much a criticism of the general statistical 
methodology applied but rather of the way in which the data that are 
available are used and interpreted. It is my impression, but one that 
I shall not try to doc~~ent here, that some of the absurdly bad 
predictions about the costs of building nuclear power plants have 
partly arisen from just this problem. Whether my impression is 
correct or not, there is plenty of methodological ground to be plowed 
up on the way in which statistical data are used in policy studies, 
as I have already emphasized in a more general context. 

3.3 Philosophy of Applications 

In the sense of ancient Greek mathematics, the mathematical models 
of linear progra~~ing and the like are justified procedures in the 
sense that the constructions made are mathematically correct solutions 
for the given oonstraining conditions. But even at the formal level, 
interesting and important questions remain. It is characteristic of 
the kinds of applications I have been discussing that computational 



algorithms do~inate the mathematical scene, especially when the 
initial and boundary conditions, as in linear programming problems, 
are expressed by sets of linear inequalities or equations. It is 
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easy enough to talk about the form of these constraints. It is quite 
another ~atter to seriously discuss constructive solution of a 
minimization problem subject to these constraints. This is a kind of 
highly finitistic constructivism that does not yet seem to have a 
proper place in our thinking about the philosophy of mathematics. 
Here constructivism is not a broad philosophical issue but a focused 
one of great practical consequence. It is also completely unobvious 
why extremely good algorit~~s work as well as they do. A good eX1~ple 
of this is the recent subtle analysis of the simplex method of solving 
linear programming problems by Stephen Smale (1981). 

But what is even more needed is an explicit philosophy of 
application. Philosophers of various special sciences, but especially 
physics, have spent some time talking about the nature of experiments 
and the character of experimental data. Not as much has been done in 
this direction in a modern spirit as seems desirable, but far less has 
been done in analyzing the nature of the data used in the application 
of mathematical models in policy studies in order to determine some 
optimum course of ~ction. A fair amount of romantic numerology may be 
found in some important parts of science, cosmology being perhaps the 
best extended exa~ple, but it is very much my impression that the real 
romance of n~~bers in the modern world is to be found in the discussion 
of data to be used in the determination of policy. This is to be seen 
in everything from elementary and off-the-cuff computations in 
Congressional testimony on new tax legislation, concerned with the 
impact on revenues of tax changes, to some of the splendid fables that 
are spun by nuclear engineers estimating the probability of core 
meltdown in a nuclear plant. 

3.4 Analysis of Predictions 

Qu~ntitative determination of optimum policies is in spirit closely 
related to problems of quantitative prediction. Prediction is not all 
of science and, in fact, it might be claimed, a rather small part of 
it, but it represents an important and essential element. In some few 
areas there has been a real effort to make a serious study of 
predictions. The daily newspaper is full of evaluations of how poor 
various economic prognostications are. Perhaps some of the best 
examples are to be found in the extended study of weather forecasting 
either by n~~erical models or by individual forecasters. A careful 
and detailed recent study, surveying the earlier literature as well, 
is that of Murphy and Winkler (1984). It is hard to find an analogue 
to the Murphy and Winkler study of probability forecasting in 
meteorology in corresponding studies of policy recommendations. 
There is one area in which the absence of such data is particularly 
disappointing. As George Dantzig likes to emphasize, linear 
progra~~ing has become ~ore popular in industry than anyone drea~ed of 
thirty years ago. But it is not only the particular methods of linear 
programming. There is a wide array of methods available to modern 
bureaucracies and businesses to be used in determining policy, or I 
should say policies, for the methods range across pricing policy, 
inventory policy, profit-maximization policy, medical benefits policy, 
and compensation policy, to mention a few. What is almost totally 
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missing from the literature is detailed factual follow-up studies of 
how well the optimum policies worked compared to the forecasted 
results. It is, it seems to me, the most serious intelleotual weakness 
of the modern goverTh~ent or business executive not to be very much on 
top of this question He or she needs to have a very skeptical and at 
the sa~e time very informed view of how good or how bad his 
quantitative problem solvers are doing. It might be claimed that the 
information is not available because it is proprietary, but the almost 
total absence of good data on the point a~ discussing shows that the 
problem runs much deeper. 

There is a nice article somewhere I read year or two ago 
illustrating the rapid growth in complexity of modern physics. One way 
used by the authors to get this growth of complexity was to compare 
the length of formulas in current publications in theoretical physics 
with those of fifty years ago, A similar growth of complexity seems 
to dominate the problems of the 80s. The appeal of si~pleminded 
solutions has always been great, They will continue to have their 
followers, but the tide is running against them. The view that 
simpleminded solutions will not work is not new, but what is new in 
the last several decades is the possibility of applying mathematical 
and quantitative methods to real problems of policy, No doubt the 
rapid development of information technology and the computational 
power of even relatively inexpensive computers has made the use of 
such methods a widespread reality much earlier than anticipated a 
decade ago. But the use of such methods for policy determination j 

whether by a govern~ent department or a department store 
panacea. In the past, policy was often made in such an and 
personalized way that little hope of systematic methodological 
discussion seemed possible. Now the opportunities are unbounded. 
Every large policymaking group should have a resident philosopher of 
science as in-house skeptic and critic. For philosophers who find 
the study of past, or even present, science too quiet and serene an 
activity, the arena of policy studies may have just the right mix of 
sophisticated intellectual sounds and raw emotional ~Jries 
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