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Scientific belief is ordinarily regarded as a distinctive kind of belief, one not subject to the  
kinds of uncertainty that plague workaday decision making. But the dichotomy of beliefs and  
decisions is misleading: Some decisions are made in the face of well-structured problems and are 
as "certain" as any belief in science, whereas some scientific beliefs involve ill-structured 
problems in which deciding despite uncertainty plays a large role. In this essay, Turner examines 
the irrigation of the American West to illustrate the relations between science and decision 
making, both managerial and political. He concludes that policy decisions in which science 
figures typically involve complex, ill-structured problems. The disputes requiring decisions are 
often intractable because participants see the larger problem in terms of the well-structured parts 
of their own "solution.” With different definitions of the problem, scientific truth is one among 
other truths and not the most compelling belief on which to base decision making.   
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One of the great themes in Western thought is the contrast between science and other forms of 
knowing, believing, and thinking. Philosophers, historians, and pun dits of all kinds have 
examined the contrast between science and common sense, between science and religion, 
between empirical science and speculative philosophy, and between universally valid science 
and localized "truths,” such as those of law, custom, and social practice, among others. Each of 
these has helped to clarify the question of what is distinctive about scientific thinking and what 
is distinctively "better,” more sure, or more valued about the conclusions scientists reach, 
although none of them has provided an entirely satisfactory answer. Even today, such ideas as 
“creation science” show the confusion sur rounding the question of the character of science.  
 Many of the characterizations were originally intended by the philosophers who argued 
for them as criteria that distinguished or demarcated science from other forms of belief or 



cognition. These philosophers were aware that other forms of knowing shared some of the 
cognitive aims of science, such as consistency among relevant beliefs, so they were often 
concerned about identifying the special ingredient that made a belief “scientific.” Despite its 
popularity, this strategy produced no unambiguously successful results. None of the supposed 
special ingredients has stood up to close scrutiny. A case in point is the familiar distinction 
between fact, which science was supposed to consist exclusively of, and values, which were sup 
posed to be found mixed with fact in religion, morals, ideology, and everyday belief. The 
historical study of the development of the ideas we call scientific methodology has shown that 
particular cognitive values, such as “observability,” have a history in scientific practice. They 
arise in response to particular problems scientists face of choosing between theories, and they 
came to be criticized by scientists and to change in the face of other problems of theory choice 
(Laudan 1984). The insistence on observability as a criterion of valid scientific belief went by 
the wayside in the face of problems in physical theory that could not have been resolved without 
abandoning it: quarks and, for that matter, atoms could not have become part of the scientific 
universe had this value not changed. The presence of values is only one ex ample of a failure in 
the “special ingredient” approach. Typically, there is a long history of criticisms showing that 
the particular feature used as a basis for distinguishing science is not always characteristic of 
science or is present in nonscientific forms of knowledge as well, or that the contrast is not as 
sharp as it appears to be.  In this chapter I will examine some dimensions of the contrast between 
scientific truth and decision. I will not search for a special ingredient but will try to develop 
some simple distinctions to help clarify the place of science in the kinds of decision making in 
which managers and policy makers engage.  
 
Some basic distinctions 
  
My strategy for drawing distinctions comes from the great theorist of military strategy himself, 
Carl von Clausewitz. In his classic book On War, he faced an analogous problem: the important 
distinctions he wished to make could not be applied very precisely in practice; there were many 
considerations with which the main issues could be confused (and they had been by other 
writers), and the differences were matters of degree. His method was “first, to grasp in their 
extreme form the antitheses when they appear clearly, and then to go gradually from the pure to 
the borderline cases which in reality separate the two concepts or types” (Aron 1985, 67).  
 
BELIEFS, DECISIONS, AND PROBLEM STRUCTURE  
 
In characterizing scientific belief and decision in this Clausewitzian fashion, we can borrow from 
the literature on the philosophy of science and put to work in a different way some of its 
questionable attempts to characterize science definitively. For the most part, these various 
attempts reflected the cognitive values and intellectual successes of science during or slightly 
before the time in which the philosophers wrote. In the nineteenth century, science was 
dominated by the refinement of measurement and observation; consequently, the idea of 
empirical precision and the elimination of un certainty in prediction appeared to many writers on 
science to be the hallmark of science. The important sciences of the day, such as observational  
astronomy, were occupied with particular practical methodological problems that reflected the 
science’s level of instrumentation and theoretical development. For example, the idea that 
observations should be neutral from observer to observer was a highly important practical 



problem for nineteenth century astronomers, who had learned that astronomic observations were 
in fact not neutral but varied among individual observers. When these “errors” were examined, it 
was learned that each observer had a “personal equation,” a systematic pattern to the errors each 
made, which could be reduced to a formula that could be used to correct for these errors (Stigler 
1986, 240-241). Nineteenth century physicists, such as Mach, insisted that the laws of science 
were purely descriptive and suggested that the notion of causation itself was a theological or 
metaphysical residue, in part because of the difficulties the physicists had in reconciling 
conflicting physical models of what was known about the properties of light and sound. 
Philosophers and other commentators of the era reiterated these themes, and much writing on 
science today in introductory textbooks, and especially textbooks in psychology and the social 
sciences, reflects the image of science established in that period.  
 Developments in physics, especially the quantum revolution of the first half of the 
twentieth century, undermined many of these older images of science-- for example, by 
accepting some theoretical limits to predictive and observational precision and by experimenting 
with explanations that avoided the traditional mechanical notion of causality. The highly 
theoretical character of quantum physics led philosophers of science to emphasize the problem of 
theory choice over the problems of observation and experiment that had dominated nineteenth 
century science. Once they had accommodated (with difficulty) the strange world of quantum 
theory to the traditional ideals of explanation and prediction, philosophers and historians of 
science became fascinated with the processes by which scientific concepts changed, coming to 
regard change not only as a permanent feature of science, but as the feature in which the 
distinctive cognitive properties of scientists “special ingredient”-- would be found. They thought, 
in short, that what is distinctive about science is how scientific concepts and beliefs change.  
 The attempt to establish this claim, which was soon expressed in a number of versions, 
produced a great deal of illuminating thought about science. Karl Popper and his followers 
developed  the idea that science proceeds by making daring hypotheses, refuting them, and, in 
the course of this, learning to make better ones. As Popper put it in one passage, he was rejecting 
the view that the development of “our knowledge of an orange rather than our knowledge of the 
cosmos” is the appropriate model for understanding change in scientific belief (Miller 1985, 
227). An orange we can perhaps learn about in a routine way; the cosmos has always been the 
realm of speculation later corrected by observation. To Thomas Kuhn's fa mous book, The 
Structure of Scientific Revolutions, which provided much of the focus for discussion, we owe the 
notions that scientific concepts sometimes change in an abrupt fashion, in which contrasting 
frames of reference, and to some extent alternative criteria of "good science,” succeed one 
another in dramatic ruptures, or “paradigm shifts,” that are quite different from the routine 
replacement of bad results by good results characteristic of most science most of the time. But 
the idea that the way scientific concepts change is unique to science also proved to be illusory, or 
at least very much less straightforward than it first appeared.  
 The contrast between scientific knowledge and the kind of knowledge that goes into 
decision making, either by public officials making policy or by managers, is one that is largely 
un-illuminated by these assertions that science has such and such a special ingredient because 
good decisions and good science have so much in common. The ideal of objectivity, the 
preference for basing as much as possible on observable facts, even the distinction between 
changes that are routine corrections and those that are sharp shifts between disparate frames of 
reference are all to be found in decision making contexts. Both science and decision mak ing are 
characterized by rationality, that is, by self conscious reflection and analysis and by the idea that 



results should stand up to public scrutiny or criticism.  
 One might try to claim that the sense of these terms varies between decision making and 
science that, for example, what we mean by “the facts” is something different in the context of 
decision making than in the context of science or that scientific rationality is a distinctive kind of 
rationality. But to do this would require a heroic effort, for each of these terms– facts, objectivity, 
public, and the term rationality itself has a shadowy history of dispute similar to that over the 
special ingredients that have been claimed to distinguish or demarcate science. The idea of the 
public character of science is illustrative (Ziman 1968). On examination, the “public” that 
vindicates scientific results, for example by replicating experiments or by repeating observations, 
turns out to be a very small group of competent specialists who share many ideas, experiences, 
values, and personal relations. The group of persons competent to discuss public policy decisions 
or the decisions of a business organization may be equally limited and may also share the same 
training and experience.  
 Another way of contrasting scientific beliefs and decision making is apparently more 
straight forward. It depends not on our characterization of science but on our characterization of 
decision: a decision is an act; believing is a state of mind. The usual way to extend this thought is 
to say that the essence of decision is that it is oriented to purposes, or leads to actions that 
achieve ends, and that choosing ends essentially involves values or interests. In many public 
policy disputes, for example, the issues are not only factual but also matters of conflict between 
groups that have different interests or different values.  
 Convenient as this distinction appears to be, it is not without its own difficulties. As we 
have already noticed, science may be said to have its own values. Scientists form a kind of 
community, with its own interests, and particular scientists also have interests. Sometimes 
“scientific” disputes reflect differences corresponding to social differences among scientists, 
such as differences in background or institutional affiliations or in the sources of funds for 
research. A second difficulty is that many policy issues are not about values or purposes, which 
may already have been set by law or by some prior decision, but are primarily about “the facts,” 
or are at least presented by the disputants as purely factual. Moreover, even where there are 
strong unsettled differences in values and in terests that the lawmaker or policymaker must take 
into account, these differences may often be rationally assessed, and it may be evident what sorts 
of approaches are politically achievable in the face of the differences. The decision makers may 
thus be said to be selecting the "scientifically" best source of action among those that respect 
political reality. 
 Yet in spite of these confusing mixed cases, at the extremes policy issues proceed in 
ways that differ from the ways pure science proceeds, and decisions made in organizations such 
as businesses also proceed differently. The contrast is visibly manifested in cases where science 
is ignored in decision making or not given the weight that, from the scientist's point of view, it 
deserves. Later in this chapter we will examine an example of such a dispute. But to make any 
progress in understanding the contrast between scientific belief and decision itself, we must first 
consider a second contrast that is often confused with, and obscures the contrast between, 
scientific belief and decision: the contrast between well structured and ill-structured problems. 
With this second contrast in mind, we can sort out some of the complications over the character 
of the contrast between science and decision making.  
 In the extreme cases, the distinction between well-structured and ill-structured problems 
is very clear. Herbert Simon (1977) explains this distinction in the context of artificial 
intelligence by suggesting that problems are well structured when “a specific problem space has 



been selected” and when a “search space” of solutions-- for example, solutions to a mathematical 
problem– can so be defined. Ill-structured problems include those in which there are alternative 
ways of defining the problem or problem space, where the problem changes over time, and 
where the information relevant to the solution also changes or can be defined in more than one 
way, thus changing the search space in which the solutions are to be found (Simon 1977, 238-
240). It would be convenient if the contrast between scientific belief and decision could be 
reduced to this contrast-- if decision always meant ill-structured problems, and science had only 
well-structured problems. Alas, this is not so. Popper's remark about studying oranges and 
studying cosmology is a protest against this kind of reduction; cosmology contains many ill-
structured problems and is perhaps ill-structured as a whole; many physicists, indeed, do not take 
it very seriously for that very reason. But by considering the cases where science is ill-structured, 
we can get a better grip on the contrast between decision and scientific belief, which has turned 
out to be elusive.  
 
DECISION AND ILL-STRUCTURED SCIENCE 
   
The philosopher Alfred North Whitehead, writing in the wake of the Einsteinian revolution in 
physics, had a phrase, “the technique of the suspended  judgment,” which brings out the element 
of decision in certain moments in the history of even our most basic scientific beliefs about the 
world. For physicists living through the period in which relativity theory was transforming the 
basic understanding of the universe, the relativistic conception was something that they first had 
to make sense of as a hypothesis and then explore, while “suspending judgment” on the question 
of its ultimate validity. Once they had applied the hypothesis to problems in physics and had 
come to see the power of relativity theory as a way of think ing, they could accept it as true and 
teach it to the next generation of physicists as a given. For these students, there was no problem 
of deciding for or against relativity, as there was for their elders. 0  
 Some hypotheses and ideas are simply accepted for the sake of argu ment or as a way to 
begin research on some confused problem area. In such cases, where the element of decision is 
strong, the element of belief is not; we do not accept the truth of the hypothesis or idea, much 
less take it for granted. To be sure, some researchers will believe very strongly in the fruitfulness 
of a given line of approach or that a given hypothesis will ultimately be vindicated, and these 
expectations may form the basis for their own decision to do research based on the hypothesis or, 
in their role as a member of the scientific community (for example, as a peer evaluator of a grant 
proposal, an administra tor, or a lab chief) to approve research and equipment expenditures 
needed to pursue these hypotheses. In these cases, the scientist is “acting” and “deciding,” but 
his or her actions are no less a part of the cognitive business of science than are the scientific 
beliefs he or she teaches in a seminar or the assumptions inculcated in laboratory training. 
Indeed, the decisions depend largely on the same web of scientific beliefs and assumptions, on 
expertise, and on detailed knowledge of the relevant science.  
 With decisions of this kind, which also respect, in part, considerations of immediate 
circumstances (which may change) and reflect uncertainties over how fruitful a particular path of 
experimental or theoretical work might turn out to be, we come within a step of the kind of 
policy decision that requires expertise and specialized scientific knowledge. With a few more 
steps, we arrive at the kind of decisions that policymakers, legislators, judges, and business 
people routinely face, in which the element of technical scientific knowledge is minimal, or 
serves merely as a constraint that leaves a wide range of choices, and in which the prospective 



element (particularly the expectation that the problem will remain the same or that circumstances 
will continue to justify a given “solution”) looms large: the differences are a matter of degree.  
 Even with a simple decision about funding a grant proposal, the language of uncertainty 
and risk, costs and benefits, and investment begins to become appropriate. At each step in the 
direction of ordinary business or policy decisions, this terminology, which is appropriate to 
weighing considerations, becomes more appropriate, for the problems become problems in 
which one valid or possibly valid consideration balances out another. The logic of weighing is 
often obscure, but not because weighing factors and assessing uncertain ties are inherently 
obscure. In some wellstruc tured decision problemssuch as a choice between investments in well 
rated bonds with different rates of return or in decisions to issue life insurance policies the 
considerations can be calculated precisely on the basis of very certain assumptions, so that 
superficially different decisions can be shown to be equivalent with respect to the balance of 
cost, risk, and benefit.  
 Many decisions involve considerations that are not public. In politics, what we 
pejoratively call “political” decisions are those in which the choice is dictated by the 
consideration that there is sufficiently intense opposition to the correct course of action that a 
particular decision maker would be made ineffective in the long run if he or she chose that 
course of action. In the extreme case, where survival of a person's political career is staked  
against public consistency, the issues are often seen as matters of principle. Sometimes the 
“principle” producing the conflict is a matter of some long-standing commitment to a political 
aim, but sometimes the conflict involves the politician's refusal to recognize or accept publicly 
what is well established by science. The political necessity of lying, or ignoring established 
truths, undermines the public character of policy discussion because it undermines the 
expectations that factual considerations will equally constrain all participants in public 
discussion. In science, as in politics, however, vanity and excessive regard for one's own 
convenience and career are not unknown, and a certain amount of minor fraud, such as data 
fudging, probably occurs with some frequency. Politicians often think of their deceptions as 
serving higher purposes; perhaps some fraud in science is also justified in the minds of its 
perpetrators by a desire to give a hypothesis believed to be true a better chance for the 
consideration and funding it requires to be proven.  
 At the extremes, then, decision and scientific belief have sharply different properties. 
Scientific truth is fallibilist, which is to say that we must leave open the possibility that new 
evidence will undermine even those beliefs that are most firmly held– the demise of the 
Newtonian universe underscored this. Science waits for results in a given area of inquiry and 
need not accept or reject the full validity of any given idea at a given moment; competing 
theories, hypotheses, or approaches may continue to be entertained for some time without any 
resolution. But a particular kind of resolution, one that makes the facts everywhere the same, or 
reduces phenomena to a single general frame of reference, is a conscious goal in science, 
although it is always pursued with the recognition that it may be that the facts can be further 
reduced, that our information is incomplete, and that our bestfounded beliefs about the basics 
may prove wrong. Scientific beliefs and practices are interdependent rather than discrete and 
separate from one another. Scientific “truths” also claim to be valid or true for everyone, 
although in practice this means valid to competent practitioners.  
 In contrast, decisions are forced choices, where not to decide is usually to decide– that is, 
to produce consequences that might have been avoided. Decisions are revisable only at a cost 
and are discrete or finite. They require a frame or def inition of the situation that is more or less 



fixed, usually by taken-for-granted factual beliefs, by assumptions about the costs of improving 
these beliefs, by the personal limitations of the decision makers, and by the limitations on their 
powers and other practical limitations. A “good” decision is good under the circumstances. 
Ordinarily, decisions must be justified to others, but to whom they must be justified and how 
they must be justified vary. The justification is in terms of consequences that may be anticipated 
and whose probabilities may be assessed: a decision may have good consequences, but if this is 
only because of luck, it was not a good decision.  
 With the basic contrast between scientific be lief and decision in hand, we can further 
clarify the contrast by relating it to the contrast between well-structured and ill-structured 
problems. Some scientific problems, notably those involving basic assumptions and contrasting 
frames of reference, are ill-structured, and it is not surprising that alternative concepts succeed 
one another differently than improvements in scientific conclusions about well-structured 
problems follow one another. Similarly for decision: ill-structured decision problems, most 
notably those involving alternative descriptions of the situationsome of which are congenial to 
certain strongly held beliefs or interests of particular groups of persons relevant to the decision, 
or reflect familiarity or experiences with different aspects or parts of the problemproceed 
differently from decisions on well-structured problems, where the range of “solutions” is fixed 
and the grounds for choosing the "best" solutions are uncontroversial. What counts as “good” in 
a well-structured decision problem shares a great deal with what counts as a rational, or “true,”' 
solution to a well-structured scientific problem; similarly for ill-structured problems, except that 
in ill-structured problems the criteria of “good” and “rational” are themselves part of the 
problem, part of what is in dispute. A successful resolution of a fundamental dispute over basic 
assumptions or over ideals of adequacy in science will share some characteristics with a 
successful resolution of a dispute over an illstructured policy problem. For example, both will 
produce such things as greater coherence in practice and should serve as the basis for further 
achievements or improvements.  
 One simplifying step in the face of ill-structured policy problems is to limit the choices to 
rel atively wellunderstood options, with limited or understood error costs and a relatively strong 
in formation base, for which consequences can be monitored and corrections made (cf. 
Collingridge 1980). The result of such problem simplification is that changes are limited to 
incremental im provements. This strategy, which Lindblom (1979) calls “muddling through” and 
Etzioni (1967) calls “mixed scanning,”' is appropriate primarily in the noncompetitive situations 
found in public admin istration. In a competitive situation– such as international military 
competition, business competition, or, for that matter, competition between scientists– reliance 
on this strategy by one competitor creates opportunities for competitors who are willing to take 
greater risks and, in particular, to invest more heavily in a particular strategy that appears 
promising to them. In competitive situations, comparative advantage– that is, the  
advantage I have over you (resulting from my different resources, skills, information, and so on) 
in performing particular tasks or pursuing a particu lar strategy– becomes a major element in 
determining my choices because what is promising for me, as compared with you, will differ.  
 In science, for example, there may be the po tential of great achievements in pursuing 
some topic or idea that the rest of the pack has neglected or in pursuing a strategy they have 
neglected because they lacked some special cognitive skills, resources, or information (Lugg 
1978; Turner 1986). Similarly, entrepreneurs often prosper by following a strategy that takes 
advantage of opportunities their competitors have decided to forego. Entrepreneurs, however, 
often have opportunities for benefiting from comparative advantage that scientists do not 



because scientists must, for the most part, rely on the endorsement of other members of the 
scientific community to get a share of limited public resources, when entrepreneurs can seek 
capital from anyone who wishes to invest. (In practice, this possibility is purely theoretical for 
many strategies because the necessary sums and re sources to support the strategy exist only in a 
few large organizations.)  
 
The real world of decision making  
So far we have remained pretty much in the thin air of abstraction and necessarily so, for the 
concepts of decision and scientific truth, and, for that matter, the distinction between well- and 
ill-structured problems, are themselves composed of ab stractions, some of which are difficult 
and confusing, Our fourfold distinction-- between decision in ill-structured problem situations, 
scientific belief in ill-structured problem situations, decision in well-structured problem 
situations, and scientific belief in well-structured problem situations– is enough to get a start on 
understanding the complexities of real world policy problems with a scientific component.  
 In my discussion of these contrasts, I have hinted that the relations between science and 
decision making, either managerial or political, are sometimes troubled. Despite the rise of the 
expert and the large role given to disembodied rationality in the modern understanding of the 
state and its bureaucracies (and of complex organizations gen erally), the full and satisfactory 
use of scientific knowledge remains a distant goal. News reports in which scientists issue 
warnings or take stands on public policy issues and are then ignored reflect the reality that 
scientists continue, in many areas of decision making about which they express “scientific” 
opinions, to be ineffective in influencing decisions (cf. Collingridge and Reeve 1986). Why 
should this be?  
 The history of science in actual U. S. policy contains a particularly spectacular episode in 
the collision between science and policymaking– an episode that, more than a century later, still 
has important effects on American politics. This is perhaps a good example of the complex 
relations between science and policy and a good way, so to speak, to launch our fourfold 
distinction into the water. The clash was over irrigation in the West, and its primary scientific 
protagonist was John Wesley Powell. On the other side were a variety of groups interested in 
development of one kind or another, primarily settlement.  
JOHN WESLEY POWELL AND THE ARID LANDS  
 
The Great Plains and, earlier, much of the present-day Midwest were settled through two 
governmental processes: homesteading, whereby the government gave160 acres of land to 
farmers, who gained clear title to the land after farming it successfully for five years; and the sale 
of public land for nominal sums under particular rules designed to distribute land widely and to 
encourage agri culture and mining by pioneers. These practices had become such an important 
part of the American experience that one historian, Frederick Jackson Turner, considered the 
closing of the frontier to further pioneering as the great divide in Amer ican history and the great 
trauma in American self-image. For he saw the American character, especially such traits as 
individualism, selfcon fidence, coarseness, pragmatism, and moral egalitarianism as having 
derived from the frontier and pioneer life (Turner 1962).  
 By the 1880s, land matters had become considerably more complex than they had been in 
the early days following the Homestead Act of 1862. The land then being homesteaded, in places 
like Nebraska and the Dakotas, was shortgrass prairie. The settlers were not always there to stay; 
many wished only to gain title by meeting the require ments for improving the land and 



surviving on it for five years and then to sellout and move on. This pattern of rapid population 
growth and the subsequent abandonment of homesteads (which were usually sold to create larger 
farms) had been established earlier in other regions; in hilly and rocky areas, the claims often 
simply did not include enough good land to support a family. The. situation on the plains was 
similar, but the inade quacy of the land was not visible. Settlers might do well for a number of 
years, if the rains held. The 1880s marked a long wet cycle, and western agriculture boomed, 
producing an abundance of wheat at such a low price that there were major political 
repercussions in Europe, where traditional forms of production could not compete.  
 John Wesley Powell had gradually risen from director of a small mapping and geological 
survey in the Rocky Mountains, where he had made his reputation as the leader of a spectacular 
voyage down the Grand Canyon, and had expanded his horizons to become a competent 
geologist and an expert on the West's arid regions and the geological processes that formed them. 
He and his coworkers were: the most expert students of the geological processes of the arid 
regions. Powell’s work on the arid lands, published in 1878, had persuaded him that agriculture 
in the mode of the old Midwest was impossible in the uninhabited regions west of the 100th 
meridian and that as the pioneers reached the arid West their rights to land would be worthless, 
for the traditional allotment of land could not produce enough to support a farm family. He 
proposed a significant change in the home stead policy, a change that would have preserved the 
possibility of successful pioneer agriculture by changing the size of land allotments and the 
character of water rights.  
 In his Arid Lands report, Powell presented these ideas in the form of two model laws: one 
for irrigation districts, in which farms were limited to 80 acres, and one for grazing districts, with 
limits of 2560 acres (Powell 1962). For irrigation dis tricts, he proposed that land be allocated so 
that sufficient water rights were attached to the property. This was a rather tricky proposal, for an 
irrigation “right” would require new forms of collective authority to ensure its fulfillment, by 
controlling the distribution of available water and creating, maintaining, and controlling the 
means of distribution, a task requiring considerable capital as well as legal authority. Water 
corporations were already beginning to exercise the authority over water that Powell wished to 
bind to the land, selling it at high prices to farmers who did not have direct access to water and 
whose land was worth less without irrigation.  
 Yet Powell's proposals were not enacted, for various reasons. Attempts to close the 
frontier were politically suicidal, especially since many pioneers had been successful in the 
1880s without help of irrigation, so there was little pressure to act immediately. Powell, 
however, knew from mea surements taken by G. K. Gilbert of the level of the Great Salt Lake 
that these successes were temporary; the wet cycle would be followed by a dry cycle. Irrigation 
had long been necessary in some areas, and the technology was well understood. The idea that 
the West could be reclaimed by irrigation was becoming an influential policy concept. The 
promise of resolving the problem of aridity was not baseless– irrigation had, at least, a history of 
a few tangible successes.  
 Political interest in problems of irrigation began in earnest in 1888, with the return to the 
Senate of William Stewart of Nevada (Stegner 1962, 299). Powell, by now head of the U. S. 
Geological Survey, cooperated with Stewart, who pushed through a law that provided for the 
release of lands once they had been classified as irrigable. Contained in the law was a provision 
for funding the U. S. Geological Survey to survey the lands. The surveys were intended to 
become the basis of a land-classification system under which the arid regions would be opened 
to settlement. In part, Powell's assent to the law was a political decision, for although he did not 



believe that irrigation could live up to the high expectations of the settlers and politicians, he 
understood that if he failed to participate, he would lose any chance to influence settlement 
policy. Powell's alliance with the promoters of irrigation did not last, however, in large part 
because there were basic factual disputes that were never resolved. For example, Powell gave a 
high estimate of the extent of irrigable land, consistent with the belief, shared with all competent 
commentators, that insufficient water was the problem, not the quality of the land, a large 
portion of which could have been successfully farmed if water for irrigation had been available. 
In contrast, the Public Lands Commission gave a low estimate, based on the literal reality that 
under any reasonable assumptions about irrigation, only a very limited number of adequately 
watered farms could be carved out of the western domain. 
 Opportunities for making decisions often do not take a convenient form. Here the issues 
came to a head as a result of a practical dispute over how fast land was to be released. The issue 
was the source of conflicts specific to the particular choices. Cattle interests wanted the public 
domain kept open for their own use and wanted settlement delayed. Corrupt land companies had 
in the past filed false claims and bought up settlers’ claims and used them to create huge land 
empires; they wanted the lands to be given away quickly. Powell, who wanted democratically 
governed irrigation districts to be created beforehand with legal authority over rights to the use 
of water, wished to delay settlement until a policy had been enacted, but he needed the support 
of settler groups. Stewart, who had developed a personal antipathy to Powell, agitated for 
distributing the land rapidly. Settler groups were not yet politically organized, so even though 
they were supposed to benefit from these policies, they had no voice in the matter. When drought 
came in 1890, they organized an irrigation movement. The premises of the movement, however, 
were more optimistic than Powell's (Darrah 1951, 311-312). Perhaps in time Powell would have 
been able to persuade the settlers of the correctness of his views, but the pace of events 
precluded this.  
 By June 1889, 150 sites for possible reservoirs were certified by Powell, and an attempt 
was made to distribute these certifications widely so that congressmen could point to local 
results (Darrah 1951, 303). But no land had actually been released, so Powell appeared to be 
using his authority to block the process of land classification, of which selecting reservoir sites 
was only a part. The legal problem of who had authority over the larger process of classification 
was not entirely clear. When it became clear, it created more difficulties for Powell. The General 
Land Office, which had responsibility for recording and granting land claims, created a legal 
crisis by continuing to enter the claims of settlers ten months after the law passed. In 1889, 
William Howard Taft, President Benjamin Harrison's attorney general, ruled that these new 
claims, of which the Land Office estimated there were 134,000, were invalid because Powell had 
not designated the land for settlement (Darrah 1951, 306). The ruling in effect gave Powell 
authority over settlement and thus placed him in a grave political dilemma: he might have gone 
ahead and done quick “classification” surveys to speed settlement, but this was precisely what he 
thought was bad policy. For Powell, the classification policy was a whole. To classify lands as 
irrigable without answering questions of the collective organization of water rights made no 
sense because irrigable did not mean settleable; settlement demanded real water, and there was 
not enough water to irrigate all (or even many) of the “irrigable” lands. Powell believed that “it 
would be almost a criminal act to go on . . . and allow thousands and hundreds of thousands of 
people to establish homes where they cannot maintain themselves” (quoted in Stegner 1962, 
333).  
 There was no one to rescue Powell from his predicament. Without the legal machinery to 



achieve what he considered a rational land policy, faced with expectations of speeding 
settlement, and having only means he considered irresponsi ble, premature, and dangerous, 
Powell chose to construe the law narrowly, “not as authorizing construction of irrigation works 
but only as direct ing a comprehensive investigation of prevailing conditions” (quoted in Darrah 
1951, 306) relating to the possibilities of irrigation. He spent much of the money allocated for 
irrigation studies on detailed topographical mapping. Maps took time, so this served reasonably 
well as a delaying tactic. But other persons in authority, notably the president, who had the 
ultimate legal authority to release land, were content to leave Powell on the firing line. A 
movement in congress did develop to change the law, but it had the aim of speeding settlement. 
This movement produced criticism of Powell, including questioning the legality of his using the 
bulk of the irrigation funds for topography rather than for site reconnaissance, an administrative 
decision to which his own staff had objections. Powell paid the price for his stand. 
Appropriations for the entire geological survey were sharply reduced, and he was forced to 
resign.  
 
SOME LESSONS  
 
Historians, especially at the time of the New Deal, made Powell a hero for his expansion of the 
role of the state (Stegner 1962, 334). Indeed, Powell's arid lands proposals did represent the 
spirit of state intervention, sharing the properties this often implies: static assumptions, 
antagonism to capitaism, rigidity, oversimplification, excessive optimism about the pliability of 
the individuals whose conduct was to be (to use a later phrase) socially engineered, and an 
inadequate respect for problems of implementation. The weaknesses are not merely failings of 
Powell's, but failings common to many policy proposals, so the case is a fair example of the 
difficulties of translating scientific knowledge into governmental action.  
 Powell had a very solid piece of scientific knowledge at the base of his proposals. He 
knew that the level of rainfall, together with a high level of evaporation, simply would not allow 
extensive irrigation and that the temporary successes of farmers in these regions were illusory, a 
result of cyclic variations. He correctly concluded from this that not only was traditional “wet” 
agriculture impossible in the West but that the schemes for western development outlined by 
other writers, boosters, and irrigation propagandists were over optimistic and often absurdly so. 
The core of his position was a scientific result about rainfall that represented the solution to a 
well-structured scientific problem, namely the question of rainfall variations and their extent. 
The policy problem was an ill-structured problem, with no single problem frame, and it was also 
complex. Adequate policy solutions required combining policy, expectations, assumptions, and 
scientific knowledge into a coherent whole. Some of the subproblems in this complex whole 
were well structured or rel atively well structured; some were not. Rainfall estimates were a 
wellstructured part of the total problem, but they were only a part.   
 In subsequent historical commentary on this dispute, much has been made of the fact that 
some scientific writers of the period, and some boosters, accepted, or at least entertained, some 
form of a hypothesis propounded earlier by the British astronomer Herschel: that “rain follows 
the plow” or, in other words, that cultivating the soil actually influenced rainfall (Goetzmann 
1966). Some people did take this idea seriously, on the nonscientific grounds that God had never 
intended that any part of the earth be perpetual desert (Worster 1979, 81-82). But even the most 
optimistic of these people also recognized that massive irrigation efforts were needed. The 
scientists who invoked the idea did not imagine that the effects of cultivation per se would be 



large, particularly in the arid plateau regions that remained largely unsettled. Like Powell, they 
believed that there was a radical difference between the arid regions and the East, and they took 
the view that the government must intervene and take “absolute control over the system of 
irrigation or keep a watchful eye over it” (quoted in Malin 1956, 195). Indeed, virtually every 
commentator, boosters and pessimists alike, sought government intervention and considered new 
forms of cooperation to be a sine qua non of effective irrigation (Malin 1956).  
 The pioneers, however, preferred the immediate exercise of a tangible right to160 acres 
to the doubtful, delayed, and intangible benefits of collectively controlled water. The threat of 
delay and intervention doubtless intensified the preference. Politicians were found who could 
give voice to these preferences, denouncing Powell's scheme as “newfangled,” “medieval,” 
“utopian,” “Russian,” “patriarchal,” “communal,” and so forth (Manning 1967, 199). Behind the 
epithets was a basic political or cultural reality Powell had neglected: the pioneers’ deep desire 
to own what was “theirs” without the ambiguity of untested collective controls. The pioneers’ 
suspicions of public control were ultimately confirmed. When the second Homestead Act was 
passed in 1909, it provided for bureaucratic control of government-subsidized irrigation 
schemes, and the federal bureaucracy exercising control proved to be arbitrary and  sometimes 
incompetent (Worster 1985, 169-188). Powell had expected a more direct and democratic kind of 
irrigation contro] , but his ideas on the subject were fatally vague. The farmers lacked the 
technical expertise needed for large-scale irrigation, and they knew it. However dimly, they– and 
not Powell--had grasped the implications of de pendence on a government organization in which 
the technical expertise and legal authority to irrigate would be concentrated.  
 Bureaucratization was virtually inevitable because of other miscalculations, Not only 
were the 1880s anomalous because of high rainfall; the decade was also anomalous because of 
high grain prices. Had these prices stayed high, irrigation might have been a paying proposition, 
and loca1 irrigation districts might have been able to purchase expertise. Prices fell, however, 
and the irrigation program could only be pursued with enormous government subsidies. The 
need for subsidies produced demands for control and accountabi]ity on the part of the 
representatives of the taxpayers who paid the subsidies. Two bureauracies that muddled through 
by seizing on a single strategy succeeded in justifying themselves and keeping their programs 
alive. They did so by creating alliances with developers, making over-optimistic projections, and 
delivering a tangible product, namely, dams. The Bureau of Reclama tion and the Army Corps of 
Engineers competed with each other to build dams and, in the course of this competition, 
squandered huge sums on dubious projects; this continues even today (Worster 1985; Reisner 
1986).  
 That prices would remain high was one static assumption central to Powell's policy 
proposals that failed; the ideal of the family farm was another. The few farms produced by 
subsidized irrigation were not very appealing places– isolated, dustblown, and unremunerative. 
The 1880s was also, coincidentally, the decade of the city; many of the cities in Europe and in 
the United States doubled or tripled their populations during these years, and the increasing 
standard of urban living soon made pioneer life less attractive. By the time the bureaucratic 
machinery of irrigation was in place after 1910, there were few family takers for the farms they 
made possible.  
 The list of failings could go on. The point, for our purposes, is that policy is a complex 
combination of elements, of which the scientific is only one. A good scientist, as author and 
scientist C. P. Snow (1961, 69) has observed, has a trace of the obsessional in his or her 
character and is often inclined, in decisionmaking situations, to become obsessed with pet ideas, 



data, arguments, and devices:  
 

The nearer he is to the physical presence of his own gadget, the worse his judgment is 
going to be. It is easy enough to understand. The gadget is there. It is one's own. One 
knows, no one can possibly know as well, all the bright ideas it contains, all the snags 
overcome.  

 
Powell was closest to certain problems, those of the geological aspects of water flow and 
evaporation, and was personally familiar with certain parts of the West. The engineers were most 
familiar with the technology of dam building, their “gadget.” Each regarded his bit of knowledge 
as the basis of good policy. Other contemporary scientists, with different experiences and 
scientific backgrounds, had somewhat different perspectives, and as it happens, Powell's 
opponents had some solid scientific elements in their own policy ideas. The region varied 
significantly with respect to soil, which might have been made a means of classification (Malin 
1956, 221). Alternative methods of tillage, fallowing, and planting were available or under 
development at the Agricultural Experiment Stations, altering the agricultural outlook, although 
not fundamentally, and introducing many more local differences than Powell's scheme 
envisaged. Powell was not expert on these subjects. Although Powell ignored the possibilities, 
no one really knew what could be done to diminish evaporation, for example, by planting trees 
on river banks, although it was well known that similar methods of water conservation were 
essential to the successful irrigation practices of certain agriculturalist Indian tribes in the region. 
In fact, some of these waterconserving ideas were later implemented on a large scale, for 
example, by planting a band of pine forests east of the Rockies during the 1930s.  
 Each of these bits of scientific knowledge might have been made the core of an 
alternative solution to the illstructured policy problem of the western frontier. Once these 
alternatives had been fully fleshed out, with specific proposals for dealing with the questions of 
land ownership. collec tive control, and implementation, they would have been difficult to 
compare. Technical testimony might conceivably have been able to rule out all the science-based 
alternatives other than Powell's, but it is more likely that technical discussions would have had 
quite different effects. Powell dismissed the possible use of artesian wells for irrigation, and here 
the technical discussions only muddied the waters by showing that matters were perhaps more 
ambiguous than Powell said. Tech nical discussions of new forms of tillage would have helped 
Powell's case only if they were wholly negative. In any case, there were perfectly good reasons 
for rejecting Powell's scheme, apart from the scientific issues. The government did not guarantee 
that homestead claims were sufficient to support a family farm; indeed the process demanded the 
claimant prove the sufficiency of his claim by living from it for five years. Why not simply 
continue the policy and let the homesteaders decide when to give up?  
 The policy difficulties went very far beyond these. There were troubles over the legal 
character of water rights, issues over the number of settlers who could be accommodated, and 
questions over the real aim of “the policy– whether it was development or the preservation of the 
possibility of pioneer family farming and the kind of smallscale democracy this implied. The 
complexities of these issues are discouraging for anyone who supposes that science can solve 
policy questions, because such complexities are characteristic, and not atypical, of important 
policy questions. Important policy questions are typically ill-structured, and the scientific 
element, if it is itself well-structured, is subordinate. If the scientific issues are themselves ill-
structured, as they often are, so much the worse. Often, of course, ill-structured scientific 



problems that engage our interest do so precisely because there is some pressing practical need 
for which science has inadequate answers.  
 
The Distribution of Knowledge  
 
In cases where problems are ill-structured and where the disputes, over time, come to take the 
form of disputes among approaches to the policy problem or the data, technical knowledge 
typically does not provide a decisive solution. Indeed, minor technical disputes, as we have seen 
in connection with Powell's problems over the extent of artesian water supplies and their 
potential in irrigation, often increase seriousness and number the longer a debate continues. Such 
dIsputes may be unresolvable or very difficult to resolve because they are either scientifically ill-
structured or be cause they arise between specialists in different fields who are relying on 
different data sources, different analytic skills, and a different range of prior practical 
experiences. Some observers have concluded from this that science has no place in policy and 
that the claim to expertise, so often followed by a parade of conflicting and contradictory 
“expert” testimony, is a spurious one (Collingridge and Reeve 1986). The modest truth to be 
found in this large claim is that in decision making, demands made on science and on highly 
specialized scientists are often not appropriate.  
 Even in apparentJy simple issues involving expert opinion, such as the testimony of 
physicians in court cases over the physical abuse of children, there is typically a mismatch 
between what the physician can honestJy say on a scientific basis about the probability that a 
given injury was an accident and what the court needs to know to make decisions of great 
seriousness, such as removing a child from a family or depriving a parent of his or her freedom. 
From the law's point of view, the problem is well-structured: particular kinds of evidence of 
particular kinds of actions and intentions are required. For the physician, the problem is also well 
structured: the probabilities that particular patterns of injuries were accidental are small. But the 
two problems are different enough that lawyers and physicians typically emerge frustrated from 
their encounters with each other. What holds for child abuse holds more strongly for such 
practical problems as informed consent, assessments of mental competence, and the like, which 
are often less well structured, both scientifically and legally.  
 Scientists are often guilty, as PowelI was, of overestimating the importance of the 
scientific facts they know best. This is an instance of a more general phenomenon in the 
distribution of knowledge, illustrated in the parable of the elephant and the six blind men, each 
of whom, on the basis of their solid tactical knowledge about one part of the elephant, 
mistakenly generalized to different images of the whole. Scientists, policymakers, and citizens 
each know things that the others know less well. In a famous passage on rulership, Aristotle 
compares the ruler to the cobbler and asks whether the cobbler, who is the expert on shoes, 
should make decisions about shoe making, or whether the person who must wear the shoes 
should.. His point is that only the wearer knows if the shoes fit, but this is not enough knowledge 
to make the shoes. The citizen knows his or her own desires and feelings, whether the shoes 
pinch, as it were. Scientists have specialized or limited areas of familiarity or competence, and 
this means that they are often especially unsuited to addressing complex questions of practical 
administration or application or, for that matter, to speaking in the name of science as a whole, 
much less for society as a whole. But the knowledge and particular cognitive skills scientists 
possess are often essential to decision making in complex and ill-structured situations. No 
political procedure can substitute for this knowledge or eliminate the difficulties inherent in the 



narrow distribution of essential knowledge and cognitive skills.  
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0.1. McCormmach (1982) provides an interesting novelistic presentation from the point of view 
of an older physicist who could not accept this transformation going on 


