
RATIONAL ALLOCATION OF RESOURCES 
TO SCIENTIFIC RESEARCH 

PATRICK SUPPES 

Stanford University, Stanford, California, U.S.A. 

1. Ingredients of decision making 

Since W orId War II, a major research effort has been devoted to the 
theory of decision making. To a considerable extent the general theory 
has been closely identified with working out a proper ~onceptual foun­
dation for mathematical statistics. Evidence of this is the fact that probably 
the most influential general work in decision making has b~en~. J. SAVAGE'S 
Foundations of Statistics (1954). On the other hand, there is already a large 
literature concerned with particular areas of application ranging from 
linear programming models for petroleum refineries to models of ac­
countability for school systems. A good general reference on applied 
decision theory is RAIFFA and SCHAIFLER (1961). 

Let us turn now to the basic ingredients of the general theory. First, 
we have the set S of possible states of nature. Introduction of this set 
reflects the fact that we do not know the true state and thus are alws.ys 
in the position of making decisions in the face of uncertainty. Second, 
we have the set C of possible consequences or, as Savage puts it for the 
most general model, the set of possible future histories of the universe. 
In practice, of course, we consider always a much; reduced model and 
examine only proximate consequences of a given decision or action. The 
third ingredient is the set of possible decisions; formally, each decision 
is a function from the set S of possible states of nature to the set C of 
possible consequences. Thus, given a decision d and a state s of nature, 
d(s) = c for some possible consequence c that is a member of the set C. 
The fourth ingredient is a relation ~ of preference among decisions. 

Axioms of rationality are then imposed on these ingredients. For 
example, almost everyone would agree that a rational decision maker must 
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have a transitive relation of preference; that for any possible 
decisions d, f, and g~ if and f~g~ then It is not easy, and 
perhaps not possible, to have a purely intrinsic criterion of what axioms 
on preferences among decisions are to be regarded as rational. Fortunately, 
a simple extrinsic criterion exists and is widely accepted. According to 
this criterion, we need axioms that are strong enough to enable us to 
prove that satisfaction of the axioms by a rational decision maker guar~ 
antees the following: 

the existence of a subjective probability distribution p on 
the set S of states of nature; 

the existence of a numerical utility function U, unique up to a positive 
linear transformation, on the set C of possible consequences; 

a choice among decisions that satisfies the rationality criterion 
of maximizing expected utility, where the expectation is with respect to 
the probability distribution p, that is, for any two possible decisions d 
and J, 

if and only if LP(s) U(d(s»)~ LP(s) 
SeS seS 

Note that E(d), the expectation of d, is 
above, that is, 

the sum of products shown 

E(d) = LP(s) U(d(s» , 
tieS 

and so the criterion of maximizing expected utility can be expressed in 
simpler terms as: 

d~f if and only if E(d)~E(f). 

Two detailed surveys of a variety of work on the general theory, including 
some experimental studies, are LueE and SUPPES (1965) and KRANTZ, 

LueB, SUPPES, and TVERSKY (1971, Chap. 8). 
A more particular reference is the normative theory of development 

outlined in Chapter 5 of MARSCHAK, GLENNAN, and SUMMERS (1967), 
which builds on the general theory of decisions but moves on to a different 
set of questions than I consider in the remainder of this article. The 
concern is with optimal policies of development for specific goals rather 
than with rational allocation of resources for basic research, but, all the 
same, the ideas developed by Marschak (the author of Chapter 5 of the 
book) are worth applying to research allocations as well; limitations of 
time and space have prevented my making the effort in the present context. 
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2. A schematic example using Pakistani science data 

Without attempting to deal realistically with science policy in Pakistan~ 
it may still be useful to build a highly simplified model that uses some 
Pakistani data on scientific research. For this purpose I use the data for 
1966-67 cited by Abdus SALAM (1970). I show in Table 1 the allocations 
he cites for research in various sectors. We may take the total allocation 
of 7.39 crores as given, fixed by a higher level of government, and assume 
that the relevant science policy question is the allocation to each sector. 

Table 1 

Allocation of Research Funds to Various Sectors 

Sector 

(1) Industrial research 
(2) Atomic energy research 
(3) Agricultural research 
(4) Environmental sciences 
(5) Medical and family-planning research 
(6) Building and roads research 
(7) Research on irrigation and flood control 
(8) University research 

Crores 

1.92 
1.94 
1.80 
0.79 
0.29 
0.16 
0.11 
0.38 

Total 7.39 

Note. Data are for Pakistan, 1966-67. The data are shown in crores of rupees 
(1 crore rupees = 107 rupees). 

This set of vectors of possible allocations, with all vectors having the 
same sum of components, is in the present example the set D of possible 
decisions. Without serious distortion, we may think of the set D as con­
taining all vectors satisfying the constraints that every component is non­
negative and the sum of the components is 7.39 crores, and thus the 
decision maker can conceive of continuous variation in the possible de­
cisions open to him. 

It is much more difficult to specify even schematically in this example 
the set S of possible states of nature or the set C of possible consequences, 
so I shall introduce some drastically simplifying assumptions. To begin 
with, we shall deal only with the first three components-the allocations 
to industrial research, atomic energy research, and agricultural research­
but it will be apparent that the method of analysis easily generalizes. 
In restricting ourselves to the first three components of the vector, we 
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shall assume that the sum k = 5.66 of just these three components is 
constant, and we are considering the allocation of k among these three 
components. 

Keeping these simplifying assumptions in mind, we may now specify 
the set S of states of nature and the set C of consequences. Let dx be the 
decision that allocates vector x. Restricted to our three components, the 
cons~quences flowing from any state of nature s and decision are de­
termined, we shall assume, by the equation 

dx{s) = (alogx1 + 81 (s), PlogX2 + 82(S), 

Further, it is assumed that the terms els) are so distributed with respect 
to the probability distribution of S that E(els») = 0, that is, that their 
expectation is zero-additional useful assumptions about the distributions 
of the 8i(S) will not be considered here. The logarithmic function for each 
component, which gives decreasing returns to scale, represents an idealized 
but not wholly unrealistic assumption. Post the rate constants a, {J, 
and y, with a + p + y = 1, can be estimated by various measures of the 
output of each scientific sector, ranging from the number of papers 
published to numerical estimates of the contribution to increased pro= 
duction in the particular sector. 

Using equation (1) and therefore implicitly the indicated measure of 
the utility of possible consequences, we can find at once the expectation 
of each possible decision dx : 

E(dx ) = adogxl +{Jlogx2+ylogx3, 

with the constraint that 

(3) 

By familiar methods we can then find the decision dX $ that maximizes 
expected utility, in particular, 

xr = ak, xi = Pk, x; = yk . 

If we assume that the data of Table 1 represent an optimal decision, we 
can, as a backward inference, then estimate for 1966-67 the values of lX, 

p, and y: 

oc* = 0.34, P* = 0.34, y* = 0.32. 

Independent estimates of a, /3, and y along the lines suggested earlier 
would be interesting even for the present simple model. 
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3. A second example: United States research allocations for 1960-1970 

Data similar to the Pakistani data given in Table 1 are shown in Table 2 
for the American allocation of research funds for 1960, 1965, and 1970. 

Table 2 

United States Federal Obligations for Research, 1960-1970 

Item 1960 1965 1970 

Life sciences 511 1,167 1,533 
Psychological sciences 38 103 114 
Physical sciences } 608 et029 1,012 
Environmental sciences 676 575 

Mathematical sciences 25 105 102 
Engineering sciences 600 1,576 1,980 
Social sciences 35 127 200 
Other sciences 33 70 72 

Note. Data taken from Statistical Abstracts 0/ the United States, 1974. 

Exactly the same model can be applied, and similar rate parameters can 
be estimated on the assumption that the allocation is approximately 
optimal. Note that the model used in Example 1, when applied here, has 
the same strong assumption that the utility function is logarithmic in 
the dollars spent. There are conceptual arguments for using such a loga­
rithmic function as a natural choice to obtain the expected decrease in 
marginal utility with increasing allocation of funds, but it can certainly 
l;>e challenged as being too simple an a priori choice to represent the utility 
of scientific research for any society. 

4. Overall allocation to scientific research 

Much more critical than the exact choice of a utility function at this 
stage of discussion are, first, the conceptual basis for evaluating the al­
location of research funds to various parts of science, conditional on the 
total sum allocated for research, and, second, the basis for deciding what 
percentage of the national budget or the gross national product should 
rationally be allocated to scientific research. 

Let me now turn to the second issue and then return later to the first, 
of internal allocation. 
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Derek de Solla Price has made a number of studies of the empIrical 
practices of both developing and developed nations in allocating a pro­
portion of the gross national product to scientific research (see, e.gO? 
1972-73; PRICE and GURSEY, 1975). There is a surprising degree of con~ 
stancy across nations in this allocation. I shall not review here the empirical 
evidence. 

What I would like to discuss is the tangle of conceptual issues back 
of trying to make this allocation in a rational way. There are a number 
of positive arguments for allocating a significant portion of gross national 
product (GNP) to scientific research. I would like to examine seven of 
these arguments and, at the same time, emphasize how far each of them 
is from providing anything like a quantitative guide. After discussing 
these qualitative positive arguments, I return to the vexing question of 
how to make the actual quantitative allocation in a rational way. 

Argument I. Science for its own sake. There are a number of individuals 
and a matching number of published arguments saying that science should 
be supported for its own sake. It is an activity of positive intellectual and 
aesthetic merit-no further justification is needed. There is something to 
this argument, but it weighs in at the same level as arguments for studying 
the history of Etruscan art or establishing a professorship in the baroque 
music of the late Renaissance. Most of us have positive feelings about 
Etruscan art and baroque music, and yet not many citizens would feel 
that a major allocation of national resources should be made to such 
humanistic studies just for their own sake. Let me be clear on an important 
distinction here. It is not that there are definitely negative feelings about 
such studies for their own sake-it is rather that it is recognized that they 
must be regarded as quite restricted, limited activities whose value is to 
be thought of in terms of enhancing the broad culture of the citizens, 
Arguments of this kind would not justify the actual allocations to scientific 
research characteristic of the modern world. 

Let me give a concrete example of an argument that I have had repeatedly & 

Some of my friends who are mathematicians like very much to make 
this argument about mathematics for its own sake, but they also find 
it bard to justify why, in almost every university, the Department of 
Mathematics is considerably larger than the Department of Music or the 
Department of Classics. It is characteristic of the temperament of mathe­
maticians that they are not sufficiently intellectually imperialistic simply 
to say, ~'But it is obvious that from an aesthetic standpoint mathematics 
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is simply more beautiful and more engaging than music or the Greek 
and Latin classics". When pushed, they recognize that departments of 
mathematics are larger than departments of classics or departments of 
music for reasons that go beyond the argument of science for its own sake. 

Argument II. The importance of understanding as such. A separate and 
different argument that goes back to Plato and Aristotle concerns the 
natural human desire to understand the world in which we live. This 
argument again is at the level of pure science without any concern for 
application, but it is an argument that separates science from many other 
studies of the sort just mentioned. For example, it clearly separates science 
from music, for it is an abuse of concepts to maintain that music leads 
to an understanding of the world in which we live. Music may lead to 
pleasure, serenity, or anxiety, but not in any standard cognitive sense to 
understanding. There is no doubt that this thrust for understanding is 
a personal motive of considerable importance and value to a great many 
individual scientists. Again, it is difficult to judge such motives as being 
anything but positive, but if the realization of such motives were to be 
the only basis for the justification of allocation of resources to science" 
almost certainly the allocations would be smaller. Other things being 
equal, we would all be in favor of scientists' having the leisure and op .. 
portunity to pursue one of the highest pleasures known to man-the 
intellectual contemplation of the universe in which we live. But if none 
of the rest of us were to benefit from such contemplation, it is doubtful 
that we would want the allocation of resources to such endeavors to be 
very substantial. So again the argument is positive but by no means suf­
ficient to guide governmental policy. 

Argument III. Source of increased productivity. An argument that is 
sometimes given before Congressional committees and other places of 
public testimony is that the results of scientific research are incorporated 
in technology and lead thereby to increased productivity of the labor 
force. Such increased productivity leads directly to an increase in the 
economic well-being of the average citizen. Two of the best classic 
examples are the introduction of new methods of generating energy, which 
have become so prominent since about the middle of the 18th century" 
and the use of scientific research to increase agricultural productivity. 
A transformation took place that has changed radicaUy the use of man­
power from traditional patterns that had been followed for hundreds of 
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years, The harnessing of various forms of energy is one of the most 
pervasive and salient features of 20th-century civilization, Although we 
associate technology with modern electronics in many cases in popular 
discussions, perhaps the finest example of increase in productivity in the 
United States is the increase in productivity of agricultural workers. In 
1870, the average American agricultural worker was able to produce food 
for the equivalent of about five persons. A hundred years later, in 1970, 
an agricultural worker can produce food for the equivalent of about 
48 persons, an increase of an order of magnitude in productivity. There 
are, of course, associated workers in other parts of the agricultural pros 
cessing industry that need to be accounted for, but, all the same, the in­
crease in productivity is staggering and one of the most significant facts? 
again, of the 20th century. In the case of both new uses of energy and 
increases in agricultural productivity, it is fair to say that new scientific 
understanding was at the heart of the change, even though much of the 
work was done in settings that did not correspond to modern research 
laboratories. 

A third example concerns the use of computers to transform clerical 
and administrative work in modern corporate and government bureau­
cracies, It can be argued that the funds that have been spent for research 
on computers have already been justified manyfold by the increases in 
productivity brought about by the introduction of data processing in 
industry and government, Indeed, it is sometimes claimed, and I think 
rightly, that the consideration of the transformation of banking alone 
throughout the world by the use of computers would more than justify 
the earlier research efforts that led to the creation of modern computer 
technology. In this case, much of the work was done within the framework 
of the familiar modern research laboratory, 

Argument IV, Source of new products, The impact of scientific research 
on future productivity can be traced by a continuous analysis of pro$ 
ductivity because of the abstractness and generality of the concept. In 
the case of the argument that basic research leads to the introduction 
of new products, the argument is more discontinuous and speculative. 
There is the familiar paradox of predicting new products. If, on the one 
hand, one were able successfully to predict what new products would be 
developed by scientific research, then the research would not be needed. 
On the other hand, it is just in the nature of such research that the new 
products that are unexpected by-products cannot be explicitly delimited 
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in advance. The unknown character of the results of future scientific 
research is one of the best arguments for not attempting to find a precise 
method for allocating resources. Risks must be taken. If they are not 
taken, chances for the future will be drastically reduced. 

Argument V. Concern for future generations. A related but still different 
argument concerns the importance of enlarging the base of knowledge 
for future generations. To take a significant current example, we might 
argue that really major resources should be put into energy research 
because future generations will be so much worse off than we are if new 
cheap sources are not found. To some extent this is already a feature 
of fusion research: It is, as some of the key current participants have 
put it, perhaps the first major scientific project whose goal will not be 
realized during the first generation of scientists working on it. 

On the other hand, a wide range of folk, from theoretical economists 
to shrewd practical investors, will warn against being caught up in an 
irrational altruistic concern for a potential infinity of future generations. 
The argument seems wholly persuasive that it is rational to apply a discount 
rate to concern for the welfare of future generations-it is, of course, 
another matter to know what the rational discount is, or even if it is 
possible to have a precise concept. The ethical issues raised by considering 
the rights of as yet unborn persons have not been at all thoroughly ar­
ticulated in the literature. 

Some positive concern for future generations does seem to be widely 
shared and constitutes in itself a positive argument for allocating resources 
to scientific research. 

Argument VI. Cost of research. Comparison of the cost of scientific 
research to other costs, and the comparative cost of particular areas of 
research, is of importance in the final determination of funds for research. 
In no country in the world, for example, is the budget for research as 
large as the budget for education, which is a reflection of the universal 
demand for education and the priority attached to it in all societies. An 
example within science is the relative allocation to the physical sciences 
and to mathematics. As the data of Table 2 show, in 1970 in the United 
States the ratio was about 10 to 1, but this ratio does not directly reflect 
the judgment that the physical sciences are an order of magnitude more 
important than the mathematical sciences, but surely is due in large part 
to the greater expense of technical experimental work in the physical 
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sciences as opposed to the paper~and~pencil some COJm1Jlut€~r 

requirements in the mathematical sciences 0 

Argument VII. Quality of research. Decisions to commit significant 
funds to research are not infrequently sensitive to the scientific quality 
of proposals asking for the funding. There is no doubt that the large 
commitments to space research in various countries have been partly 
justified by the imaginative appeal of learning more about the universe 
beyond our planet. At the other end of the physical scale, the same 
imaginative appeal has buttressed the arguments for large expenditures 
on high-energy physics. 

In comparing various scientific disciplines, opinions about the relative 
merits of scientific proposals undoubtedly play a significant role, even 
if not a decisive one, in determining relative allocation of funds. Moreover, 
in some universities, and even some countries, certain scientific disciplines 
nearly dominate the research scene and receive what an outsider might 
regard as a disproportionate share of research funds. As Table 2 shows, 
in 1960, 1965, and 1970, expenditures for the social sciences in the United 
States were very much less than those for the biological, engineering, 
and physical sciences. It would be my conjecture that opinions about 
the relative merits of past scientific work and current proposals accounted 
for some of the difference. 

50 Potential and limitations of the general model 

The central argument for the general model is that it forces an explicit 
choice of priorities; successful use of the model makes decision making 
conceptually coherent. Most important, application of the model elicits 
explicit partial beliefs ultimately expressed as numerical subjective prob .. 
abilities. References to applications have already been given. The general 
viewpoint of this approach to decision making is prominent in statistics, 
economics, and certain sophisticated bureaucracies. 

There are some serious limitations to the model, however. One is that 
detailed empirical studies of choice behavior indicate that there are 
standard biases in probability in individual estimates of the probable 
occurrence of events. I mention especially the work of Amos Tversky 
and his collaborators (KAHNEMAN and TVERSKY, 1972; TVERSKY and 
KAHNEMAN, 1971; also MCGLOTHLIN, 1956). The framework I have 
outlined does not directly provide concepts for incorporating these results. 
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Second, in the case of science policy as in the case of almost all setting 
of social policy, the decisions are made by groups and not simply by single 
individuals. The framework of decision I have outlined is almost entirely 
aimed at the theory of individual decision making. Additional com­
plications are introduced by the problems of group decision making, 
and again additional concepts are needed to deal with the problems of 
the interaction among the members of a group. 

6. Linear models of allocation 

A third and more profound difficulty is that we do not have a well­
worked-out method to pass from the kind of qualitative considerations 
just discussed to the general decision model. Because of this absence of 
anything like an algorithmic technique, it is sometimes argued that we 
must rely on the intuitive judgment of experienced decision makers. Some 
difficulties with subjective probability estimates were just mentioned, but 
there is a more extensive and, for present purposes, a conceptually more 
important literature in psychology dealing with the comparison of clinical 
or intuitive judgment and statistical models. 

I shall first sketch some of the results reported in this literature and 
then turn to the question of how these ideas can be applied to our problem 
of rational allocation. The classical work is Paul MEEHL'S Clinical Versus 
Statistical Prediction: A Theoretical Analysis and Review of the Literature, 
published in 1954. Meehl analyzes a number of studies showing that the 
prediction of a numerical criterion of psychological interest is almost 
always done better by a proper linear regression model using numerical 
predictor variables than by the intuitive judgment of individuals sup­
posedly skilled in such prediction. 

A good recent example of this comparison is given in DAWES (1971). 
The dependent variable was faculty ratings of graduate students at the 
end of the students' second year; ratings were on a scale of 1 (dropout) 
to 5 (outstanding). There were 111 students in the sample; the number 
of faculty members rating each of these students ranged from 1 to 20, 
with the mean number being 5.67; analysis of variance representing each 
student as a "treatment" indicated high reliability of the ratings across 
faculty. The ratings were predicted by a linear regression model using 
three independent variables: the student's composite score on the Graduate 
Record Examination, the student's undergraduate Grade Point Average, 
and a measure of the quality of the student's undergraduate institution. 
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The multiple correlation of the regression model was whereas the 
correlation of the faculty ratings with the average rating by the members 
of the admissions committee who initially selected the student was 0.19. 
Both correlations are low, but the predictions of the statistical model are 
certainly superior to those of even tutored intuition. Many people find 
this kind of result surprising in two ways-even though the literature is 
full of similar findings. First, they are prepared to offer a variety of reasons 
why the intuitive judgments were not more satisfactory, with the modal 
suggestion being that the wrong judges were used. Second, they are dis~ 
mayed at the low correlations, which are typical of demographic analyses. 
But in fact the causal factors at work may be too numerous and subtle 
to be analyzed by current methods in a way that will account for more 
than about a quarter of the variance. 

Another objection to the comparison is that the regression model has 
four free parameters to fit to the data-one for the weighting of each of 
the three independent variables and one for the additive constant, but 
the intuitive-judgment model has no free parameters. However, as DAWES 

(1979) has emphasized, improper linear models, that is, models in which 
the weightings are not determined by minimizing the sum of a statistical 
criterion such as squared deviations between the linear combination of 
predictor variables and the dependent variables, but by fixing the weight= 
ings according to some a priori scheme, such as equal weights~such 
improper models do extremely wen in comparison with predictions based 
on intuitive judgment. 

What is to be made of these results from a broad conceptual standpoint 
and what is their implication for decision making? Perhaps the most 
important conclusion is that human judges are comparatively poor at 
integrating diverse data, especially multidimensional quantitative data, 
but much better at understanding what variables are liable to be useful 
predictors and how their direction of variation will relate to direction 
of variation in the target dependent variable. The importance of essentially 
universal agreement on how signs of variation in variables should be 
related is easy to underestimate. A vast fund of qualitative knowledge 
is represented in such agreements; it would be difficult to replace intuitive 
judgments by bootstrapping statistical models that did not use preselected 
variables. 

Problem of application. The pertinent question is how we can usefully 
apply the ideas just discussed to our problem of rational allocation. In 
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the first place it should be apparent that it is easier to think systematically 
about comparative allocations to various major areas of science than it 
is to compare allocation to social welfare or military defense to that for 
research. 

Let us stipulate the seven factors outlined above-science for its own 
sake, the importance of understanding, etc. That other factors should be 
listed I do not doubt~ but further analysis in this direction is not important 
in the present context. Following the work on linear models of statistical 
prediction, the next step would be to ask a number of knowledgeable 
persons to rank, let us say as an example for present discussion, each 
of the major areas of Table 2-biological, psychological, physical, en­
vironmental, mathematical, engineering, and social sciences-on a scale 
of 1 to 7, or 1 to 5, on exactly one of the seven factors. Thus each judge 
is presented with an essentially unidimensional problem-not that the 
dimensions have a strict mathematical definition. Standard statistical tests 
of reliability of the measures obtained for a given dimension from different 
judges can easily be made. Moreover, if the judges are scientists, we could 
well ask them not to express a judgment on their own area of special 
interest, in order to eliminate a natural source of bias. Of course, the 
procedures for selecting expert judges need to be spelled out and are 
important in any i application of the approach I am describing, but I 
believe such details can be omitted here. 

The next problem is to find an appropriate linear combination of those 
dimensions found to be suitably reliable. One procedure is to ask still 
another set of judges to weigh the relative importance of each factor and~ 
again testing for reliability, to use the results if good enough. Another 
approach is to consider the weightings a matter of policy that should 
be done by appropriate government committees. On the basis of the ex­
tensive empirical comparison of statistical and clinical predictions, what 
is important is to separate the evaluation of each dimension as well as 
the weightings assigned to each dimension, and then to assemble the 
results by systematic quantitative methods rather than by attempting one 
overall intuitive judgment of an essentially multidimensional nature. 

Rather than try to sketch the extension of these same methods to the 
comparison of research fund allocations with other budgetary allocations, 
I close with some more general remarks about the procedures I have 
outlined. 

I began with the general model of rational decision making under 
uncertainty, but it is evident that the general model in itself needs to be 
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substantially supplemented by more specific and concrete ideas to make 
the model applicable to a complex domain. What I have proposed is to 
use the results of an extensive psychological literature to structure our 
problem of allocation in a way that should lead to more rational allocation 
of resources. The meaning of rational in this context is that methods of 
analysis should be used that lead to more objective and more accurate 
predictions in those areas of experience that permit comparative tests 
to be made. This concept of rationality is certainly consistent with that 
embodied in the general model, but it represents, as I think we should 
expect and aim for, a more particular sense of rationality relevant to the 
problem of allocation that has been our focus. 

One aspect of the general model that might seem to be lost in the use 
of linear models for allocation is that of uncertainty, but this loss is only 
apparent. The appropriate way of thinking of the scaling of each dimension 
is in terms of expectation, not values, but, of course, expected value for 
the given dimension. This point has not been given enough explicit atd 
tention in the literature on linear models of prediction. It would be worth 
some investigation to determine how feasible it would be to apply some 
of the experimental methods developed for testing the general model to 
disentangle the probability and valuation estimates. Moreover, in referring 
to science for its own sake, sources of increased productivity, etc., it would 
be interesting to know if experts disagree more on the value of a new 
development or on its probability of occurrence. 

1. Rationality and distributive justice 

A variety of literature in economics and philosophy makes the point 
that issues of allocation must ultimately be judged by criteria of dis~ 
tributive justice. It is worth examining what can be said about distributive 
justice in the allocation of resources for scientific research. As before, 
two different questions naturally arise. The first concerns the allocation 
to individual disciplines, given broad governmental or societal agreement 
on the total to be allocated, and the second concerns the allocation to 
research in competition with other areas of demand. 

Before considering either of these questions, however, there is one 
reservation that must be made explicit. We can take as an approach to 
distributive justice in the allocation of resources the use of market forces 
to make the allocation. To a large extent this is obviously not the case 
anywhere in the world in terms of basic scientific research. But when 
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applied research as well as basic research is considered, then there is 
a decentralized allocation, partly to be accounted for by market forces, 
in making the allocation to applied research and occasionally to basic 
research conducted by private enterprises, especially large corporations, 
throughout the world. Even within governmental allocation there can be 
decentralization, because allocations by one government agency can be 
made in independence of and in ignorance of the allocation made by 
another agency. I think that the play of such market forces and, even 
more important, the encouragement of decentralization are factors in the 
allocations that are actually made that should not be ignored and, in 
many cases, should be encouraged. All the same, I want to concentrate 
on appraisal of the total allocation by whatever mechanisms it is made. 
We can, if we want, think of this appraisal being made from the standpoint 
of a policy committee not itself concerned with the particular mechanisms 
of allocation but with judging the appropriateness of the total allocation 
made by various means, both private and governmental, and by various 
instrumentalities. 

My first thesis is that the internal allocation to various disciplines, 
once the total allocation to basic scientific research has been fixed, should 
be according to the rational canons advanced earlier and that considerations 
of distributive justice add nothing. In other words, the first-order re­
quirement is to use rational methods of allocation, where rational has 
the meaning defined in the previous section. Already here, however, there 
is a natural reservation in deciding on the criteria to be used to judge 
the relative allocations, the criteria set forth earlier under such headings 
as "science for its own sake" and "concern for future generations". Clear 
issues of distributive justice arise. The criteria should be chosen to satisfy 
at least some vague criteria of distributive justice. To mention an obvious 
example, no one could make a case for scientific research if it went against 
a Pareto principle in some strong way, as, for example, having the results 
of research clearly be of negative benefit to everyone in society. On the 
other hand, it is important to stress that the current theories of dis­
tributive justice are not rich enough and structurally complex enough 
to enable us to derive from fundamental principles the more specific 
criteria for evaluating the worth of scientific research as set forth in 
Section 4. The gap between general theories and the particular questions 
of importance in making the allocation is as great as the gap between 
the general model of decision making and the particular models of linear 
allocation discussed earlier. 
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There are some secondworder considerations of justice that have not 
been discussed and yet are of great practical importance in working out 
actual allocations among disciplines. One is a consideration of continuity. 
Many would consider it irrational simply to change the allocations in 
a highly discontinuous way from one year to another because, perhaps, 
of changes in the judges asked to make the evaluations. Smooth transitions 
from one allocation to the next, from a practical standpoint, seem essential 
to satisfy a criterion of justice that is not well articulated in current theories 
but that goes under the Aristotelian criterion of consistency of jUdgmento 

When we turn to the competitive allocation, as a whole, to research 
versus other societal demands - for example, for education, for highways~ 
or for welfare - it might seem that criteria of distributive justice could 
play a more central role, but I am skeptical of any explicit application 
of current theories of justice to this allocation. As in the matter of internal 
allocation, criteria of justice can be brought to bear in thinking about 
and evaluating the detailed considerations set forth earlier, but it seems 
to me that, except for weak constraints as exemplified in Pareto-type 
principles, the judgments of the suitability of individual dimensions of 
evaluation will depend upon the sophisticated intuitions of experienced 
policymakers. Moreover, I am skeptical that these intuitions can be made 
theoretically fully explicit and embodied in a systematic theory. 

More generally, my skeptical view is that allocations can be rational 
and can be just, but there is an intuitive gap between general theory and 
detailed practical decisions that can never be closed by formal theory. 
This is a fact about human activity that cannot be ignored in our thinking 
about rationality and justice, whether in general or as applied to particular 
problems of concern such as those of allocation of resources to scientific 
research. 
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