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This opportunity to_ deliver the Richard T. Ely Lecture affords me some very
personal satisfa;tions.. Profeséor Ely, unbekndwnst to him, bore a great responsibility
for my economic education, and.even for my éhoice of profession. The example of my
uncle, Harold 'Merke‘, whé was a sfudent of Commons and Ely at WiscOnsin before the
First World War, taught me that human behavior was a 'fit subject fc;r sc‘ientific stud)./,
a.nd directed me to economics ar‘\d political science instead of high energy physics or
molecular biology. Of course it was a satisficing choice, for I had never heard of high
ehergy phys'ics 6r molecular biology, and hence was spared an agoniz‘ing weighing of .

~ alternative uti.les;. I sim'ply picked tHe first profession that sounded fascinating.
But Professor Ely’s influence went much farther than that. My oldef brother’s

copy of his Qutlines of Economics -- the 1930 edition -- was on our bookshelvés when -

VI had to prepare for high school débatesf on tariffs versus free trade, and on the .
Single Tax of Henry George. It provided me with a suffic}enﬂy good grounding in
principles that 1 was later abie to take Hehr'y Simons® intermediate theory course at
the University of Chicago, and the graduate courses of Frank Kr\'»i,ghi.f,\'féndv Henry

Schultz without additional preparation.
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The Ely textbook, in its generation, held the place 6f Samuelson or Bach in ours.
If it would not sound as though I were denying any progress ih economi#s over the
pa‘st half century, I might suggest that Ely’s textbook could be- substituted for any of
our current ones at a substa.ntia| reduction in weight, and withq“ut students or teacher
being more than dimly aware of the replacement. Of course they would not hear from
Ely about marginal propensities to do this or that, nor about the late lamented Phillips
Curvef Buf .monetarié,ts could rejoice in Ely’s uncompromising statement of thé quantity
theory (on page 298, in italics), an_d in his assertion (page 528) that "the solution of
the problem of unemployment depends fa“gely upoh indirect measures, such as
monetary and banking reform" -- Ely does go on to say, however, that "we shall
recoghize that society must offer a willing and able man an opportunity to work."

But I have more than personal reasons for directing your attention to Professor
Ely’s textbook. On page 4, we find a definition of economics that is, I think, wholly
characteristic of boo_ks.contemporary with his. "Economics,” he says, "is the science
which treats of those social phenomena that are due to the wealth-getting and wealth-
using activit-ies of man." Economics, that is to say, concerns itself with-aAparticular
subset . of ma.n"s behaviors' -- those having to do with the productioh, exchange, and
consumption of goods and svervices.

Many, berhaps most, economists today would regard that view as too Iim‘iting. -

They. would prefer the definition proposed in the International Encyclopedia of the

Social Sciences (4:472): "Economics . . . is the study of the allocation of scarce
_ resources.among unlimited and competing uses." If beefsteak is scarce, they would say,
- s0 are votes, and the tools of economic analysis can be used as readilly to analyse the

allocation of the one as of the other. This point of view has launched economics into
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many excursions and incursions into politi'cal scier;ce and her other sister social
sciences, and has generated a certain amount of hubt.'is, in the pr.ofes;ion with respect
to its broader civilizing missioﬁ. I would suppose»that the program of this meeting,
with |ts 'emphasis upon the re|atioh§ between economics and the other social sciences,

is &t least partly a reflection of that hubris.

Rationality in Economics

The topic of allocating scarce resources can be approached from either its
normative or its positivei side. Fundamental to the approach from either side are
éssumptions about the adaptation of means to ends, of actions to goals and situations.
Economics, whether normative or positive, has not simply been the‘study of the
allocation of séarce resources, it has been the study of the rational allocation of scarce
resources. |

Mo'reover, the term "rational" has long had in economics a much more specific
| méaning than its general divctionary signification of "agreeable to reason; not absurd,
_ pr’ebosterous, extravagant, foolish, fanciful, or the like; _intelligent, sensible." As is well
known, the rational man of economics is a maximizer, who will settle for nothing less
tha’n the best. Even his expectations, we have learned in the past few years, are
rational (Muth, 1961). And his rationality extends as far as the bedroom for, as Becker
(1974, p. 1078) tell's us, "he would read in bed at night only if the value of reading
exceeded the vallue (to Him) of the loss in sleep sufféréd by his wife." |

It is this concépt of rationality that is economics’ main l_éxport épmmédi_ty in its
trade with the other social sciences. It is no nvov‘e‘lty, in those .sciences, to propo'se

that people _behave rationally -- if that terms is taken in its looser, dictionary, sense.
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Assuhptions of rationality are essential components of virtually ali-the éoc'iological,
- psychological, po_lifical, and anthropological theories with which I am. fafniliar, and in a
moment, 1 will give some examples. What economics has to export, then, is nof
rationality, but a very particular and special form of it -- the rafionality of the utility

maximizer, and a pretty smart one at that.

Rationality in the Other Social ‘Sciences“,

: ‘l}_ét”m'e illust.rate how .rationality typically enter.s into socialnscien'ce theories.
Consider first so—célled "soci‘al exchange" theories (e.g.,, Homans, 1961). The central
idea here is that when two or }mo.re people interact, each expects to get something -
from the interaction that is valuable to him, and is thereby motivated to give something

up that is valuable to the others. Social exchange, in the form of the "inducements-
contributions balance" of Barnard (1938)‘ and Simon (1947), has played an in;portant '
role in organization theory, and in even earlier times (e.g., S.in.nmell, 1908) was a cenfral
ingfedient in vsc_)cli'ologi_cal theories. Much Qf thé theorizing and émpirical work on the
topic has bée‘n concerned with determining what constitutes a significant inducement 6r
- contribution in particular classes of exchange situations -- that is, with the atl:tualv
sh;pe and substance of the "utility function.” Cleérly, the man of social exchange
theory is a rational man, even if he is never asked to equate things at the margin.

It is perhaps more surprising to discover how pervasive assumptions of

rationality are in psychoanalytic theory -- confirming the suspicion that there is indeed

method in madness. In his Five Lectures on Psycho-analysis (19X%XX), ‘Freud has this‘ to

say about neurotic illnesses:
We see that human beings fall ill when, as a result of external

obstacles or of an internal lack of adaptation, the satisfaction of their
erotic needs in reality is frustrated. We see that they then take flight

4
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into illness in order that by its help they may find a satisfaction to take

the place of what has been frustrated. . . We suspect that our patients’

resistance to recovery is no simple one, but compounded of several

motives. Not only does the patient’s ego rebel against giving up the
repressions by means of which it has risen above its original disposition,

‘but the sexual instincts are unwilling to renounce their substitutive

satisfaction so long as it is uncertain whether reality will offer them

anything better.

Almost all explanations of pathological behavior in the psychoanalytic literature
take this form: they explain the patient’s iliness in terms of the functions it performs
for him.

The quotation from Freud is illustrative of a kind of functional reasoning that
goes far beyond psychoanalysis and is widely used throughout the social sciences, and
especially anthropology and sociology. Behaviors are functional if they contribute to
certain goals, where these goals may be the pleasure or satisfaction of an individual or
the guarantee of food or shelter for the members of a society. Functional analysis, in ‘
this sense, is concerned'with explaining how "major social patterns operate to maintain
the integration or adaptation of the larger system" (Cancian, 1968). Institutions are
functional if reasonable men might éreate and maintain them in order to meet social
needs or achieve social goals.

It is not necessary or implied that the ‘adaptation of institutions or behavior
patterns to goals be conscious or intended. When awareness and intention are
present, the function is usually called manifest, otherwise it is a latent function. The
function, whether it be manifest or latent, provides the érounds for the reasonableness
or rationality of the institution or behavior pattern. As in économics, evolutionary
argume‘nts are often adduced to explain the persistence and survival of functional -

patterns, and to avoid assumptions of deliberate calculation in explaining them.

In practice, it is very rarely that the existence or character of institutions are

* .
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deducéd from fhe functions that must be performed for system surviva'l. Ih almost all
cases, it is the other way around, it is empirical observation of the behavior pattern
that raises the question of why it persists -- what function it performs. Perhaps, in an
appropriate axiomatic formulation, it would be possible to deduce that 'every society
must have food-gathering inétitutions. In point of fact, such institutions can be_
observed in every society, and their éxistence is then rationalized by the argumenf
that obtaining food is a functional requisite for all societies. This kind of ‘arrgumentv may
demonstrafe the sufficiency of a particular pattern for performing an essential
function, but cannot .dem'onstrate.its necessity -- cannot show that thére hay not be

alternative,‘functibnally equivalent, behavior patterns that would satisfy the same

need.

Functional Analysis in Economics

Functional analysis of‘exactly this kind, though with a different vocabulary, is a
method commonly employed»by econqmists, especially when they seek to use economic
tools to “"explain” institutions and vbehaQiOrs that lie outside the traditional domainé of
production and distribution, but not uncommonly within those domains also. As an
example, the fact fs observed that individuals frequently insure against certain kinds of
conti‘ngencies.» Goals are then postulated (e.g., avoidance of risk), for the realization of
which buying insurance is a fuﬁctional and reasonable action.

To take a second example, Stigler ‘and_Becker wish to explain the fact (if it is a
fact -- their embiricism is very casual) that as people hear more music, tAhey want to
hear still more. They invent a "commokdity," "music appreciatibn" (not to be confused

with time spent in listening to music), and suggest that listening to music’ might produce
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" not only immediate enjoyment but also an investment in capacity for appreciating
music (i.e., in amount of appreciation produced per listening hour). Once these

. assumptions are granted, various conclusions can be drawn about the demand for

music a'ppreciation. However, only weak conclusions follow about listening time unless

add»itional strong ppstulates are intro‘duced about the elasticity of demand for
appr’ec»iat'ion. A rough, "sociological” translation of the Stigler-Becker argu'mentt would
b‘e that listening to music is functional both in producing pleasure and in enhancing the
pleasure of subsequent listening -~ a typical functio'ﬁal argument.' It is quite unclear
what is gained by dressing .it in‘the clothes .of marginalism; th;a economic garb may
partially cloak the assumptions on which the argumént rests, but it aoes not in any
 way ber'mit those assumptions to be weakened.

A sénse of fairness éompels me to take a third example from my own work. In
my 1951 paper on "A Formal Theory of the Employment Relation," 1 defined the
characteristics of an employment contract that distinguish it from‘an ordinary sales
;:ontract, and then showed why reasonable men might prefer the former to the latter
~as the basis for establishing an employment relation. My argument requires a theorem
and fifteen numbered equations, and assumes that both emﬁloyer and employee
maximize their utilities. 'Ac.tually, the underlying functional argumeﬁt was very simple.
An employee who d}idn’t care very much which of several alternative tasks he
performed would not require a large inducement to accept the authority of an
employer -- that is, to permit the employer to make the choice among them. The
eMployer, in turn, would be willing to provide the necessary inducement in order to
acquire..the right to postpone some of his decisions about future uncertain events.

Recently, Oliver Williamson (1975) has pointed out that I would have to introduce




Rationality as Process and Product August 8, 1977

slightly stronger assumptions if one of the alternatives to an employment contract
were what he calls a "contingent claims” conlract, but the point of my example is not
affected. The rigorous economic argumeht, involving the ildea of maximizing behavior
by employer and employeg, is readily translatable into a simple qualitatiQe‘ argument
that an. émployment contract may be a funci“ional (read "reasonable") way of dealing
with certain kinds of uncertainty. The argument then explains why employment
relations are so widely used jn our society.

The translation of these examples of economic reasoning into the Iahguage of
functional analysis could be paralleled by corresponding examples of translation
scholarship in the opposite direction. Political scientists, ,forv example, long ago
observed that under certain circumstances institutions of representative _;,“democi'acy
spawned a multiplicity of political parties, wh‘ile under other circumstancesl}, ‘the votes
were divided, in equilibrium, bétween two major parties. These cc‘m.trasiihg equilibria
c.oU|d readily be shown to resultlfrom rational voting decisions under different rules of
the électoral game. In recent years, these same results have been rederivegj more
‘rigorously by economists and gamé theorists, employing much stronger-assump"tions'of .
utility maximization by the voters. |

Perhaps these examples suffice to show that the view of man as rat.ional is not
peculiar to ec'onqmics, but is endemic, and even ubiduitous throughout thé social .
sciences. What has characterized much (but,. as we sl‘ﬂall see, not all) of economics has
been its emphasis upon a particular form of rationality -- max»imizing behavior -- as.its

preferred engine of explanation.
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On Applying the Principle of Rationality

What is characteristic of the examples of functional analysis cited in the last
section, whether they be drawn from economics or frqm the other social sciences, is
thét fhey are not focussed on, or even much concerned with, how variables are
equated at the margin, or with how equilibrium is altered by marginal shifts in
conditions (e.g., shifts in a supply or demand schedule). Rather, they are focused on
qualitative and structural questions, typically, on the choice among a small number of
discrete institutional alternatives:

not "how much flood insurance will a man buy?” but "what are the structural
conditidns that make buying insurance rational or attractive?”

not 4"at what levels will. wages be fixed?" but "when will»wor.k be performed
under an employment conract rather than a sales contract?”

If we want a natural science analogy to this kind of theorizing, we can find it in
geology. A geologist notices deep scratches in rock; he notices that certain hills of
gravel are elongated along a north-south axis, and that the boulders embedded in them
are not as smooth a.% those usually found on beaches. To explain these facfs, he
evokes a structural, and not at all quantitative, hypothesis: that there phenomena were
. produced by the process of glaciation.

In the fifst inlstanvce, he does not try 1o explain .'the depth of the glaciallti'll, or |
estimate the weight of the ice that produced it, but simply to identify the basic
causative process. He wants to explain the role of glaciation, of erosion, of
) vulcanizafion, ofy éedimentation in producing the land forms that he observes. His
explanations, moreover, are after the fact, and are not predicti'ye.

As economics expands beyond its cent.ral core of price theory, and its central




R’atibnality as Process and Product August 8, 1977

*

concern with quantitites of commodities and money, we observe in it this same shift
from a highly quantitati‘ve analysis, in which equilibration at the margin plays a central

role, to a»much more quali.tati‘ve institutional analysis, in which discrefe structural
alternatives are compared.

.+ In these analyses aimed at expléining institutional structure, maximizing
assumptions play a much less significant rolé than they typically do in the analysis of
market equilibria. The rational man who sometimes prefers an employment contract to
a sales contract need not be a makimizer. Even a satisficer will exhibit such a
preference whenever the difference in rewards between t.he two arrangements is
§ufficiéhtly large and evident.

Fo} t'his same }eason, such ‘A‘analyses can often be carried out without elaborate
mathematical apparatus. In'general, much cruder and simpler arguments will suffice to
demonstrate an inequality between two quantitieé than are required to show the
conditions under which these quantities are equated at the margin. Thus, in the recent
works of Oliver Williamson and of John Montias on economic organization, we find only
rather modest and simple applications of mathematical analysis. In the ways in which

they involve principles of ratioﬁality, the arguments of these authors resemble March

and Simon’s Organizations more cloasely than Samuelson’s Foundations.!

1 A notable exception to this generalization about the economic literature on
organizations is the work of Marschak and Radner on the theory of teams. The latter
authors chose the strategy of detailed, precise analysis of the implications of
maximizing assumption for the transmission of information in organizations. The price
they paid for this rigor was to find themselves limited to the highly simplified
situations where solutions could be found for the mathematical problems they posed.
We need not, of course, make an either-or choice between these two modes of inquiry.
While it may be difficult or impossible to extend the formal analysis of the theory of
teams to problems of real-world complexity, the rigorous microtheory may illuminate
the workings of important component mechanisms in the complex macrosituations. The
methodological issues in choosing between znalytic tractability and realism are quite
parallel to those involved in the choice between laboratory and field methods for
gathering empirical information about social phenomena. Neither one, by itself, marks
the exclusive path toward Truth. ‘ »

10
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What is the predominant form of reasoning that wé encounter in fhese
theoretical treatments of sbcial institutions? What takés the place, in them,A of
argumehts from maximizing assumptions? Basically, they rest upon a very simple form
of causal .ahalysis. Certain institutional structures or practices are seen to entail

certain undesirable (e.g., costly) or desirable (e.g., value-producing) consequences.

Ceteris paribus, situa’tions,anld. practices. will be preferred when i.m‘portant favorable
consequences are associated with them, and avoided when important unfavorablé
consequences are associate‘d with them. A shift in the balance of cdnsequ’énces, or in
awareness of them, .may mot)i\./ate a change in institutional arrangements.

Consider the following argument from Montias (p.. 215), typical of this genre.of - |
analysis, thaf relates to the balance in organizations between centralization and

decentralization:

' '

Decentralizing measures are generally aimed at remedying two
shortcomings of an  "overcentralized" system structure. (1)
Superordinates are overburdened with responsibility for the detailed
direction and coordination of their subordinates’ activities. (2) This "petty
tutelage" deprives subordinates of the opportunity to make decisions that
might increas the payoff of the organization of which they are a part. . ..
Why not loosen controls ... ?.... When controls are loosened, unless the

- incentive system is modified to bring about greater harmony between the

goals of supervisors and supervisees, it may induce producers to shift

« their input and output mix in directions that . . . vitiate any benefits that

might be reaped by the organization as a whole from the exercies of
greater initiative at lower tiers.

Here two costs or disadvantages of centralization (burden on supervisors,
restriction. of choice-set of subordinates) are set off against a. disadvantagge of
decen.tralization (goals of subordinates divergent from organizétion goals).

What can we learn about organizations from an argument like this? Certainly
little or nothing about the optimal balance point between centralization'and

decentralization in any particular organization. Rather, we might derive conclusions of

these kinds:

11
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1. That discussions of centralization and decentralization in organizations are
likely "to be framecj in terms of argume_ntvs about consequences like those set forth by
Montiés;

‘2. That increasing awareness of one of these consequences may cause an

organization to move in the direction of centralization or decentralization. (E.g., an

egregious case of "suboptimizing” by a subordinate may cause additional centralized

controls to be instituted.

3. Thaf new technical devices may tilt the balance between centralization and
decentralization. For éxample, .invention and adoption of divisionalized profit-and-loss
statements led toward decentralization of many large Ame.ric'an business firms in the
1950’s; while reduction in‘ information costs through computerization led, at a later

date, to centralization of inventory control decisions in those same firms.

Of course Montias’ conclusions could also be derived from a more formal

optimization analysis -- in fact the author presents such an analysis on thé two pages

following the passage quoted above. But it is not clear that anything new is added by..

the formalization, since the parameters imputed to the system are largely unmeasured
and unmeasurable.

There s something to be said. for an Ockham’s .Razor ‘that, eschewing
assumbtions of optimization, provides an explanation of behavior that is consistent with
| either obtimizing or satisficing procedures on the part of the human agents.. Parsimony
| recommends that we pr'ééf‘clet":fthe postulate that men are reasonable to tl;me postulate
fhat tHey are supremely rational when either one of thé two assumptions will do our
work éf inference as well as the other.?

2 Ockhém is usually invoked in behalf of the parsimony of optimizing assumptions, and
against the additional ad hoc postulates that satisficing models are thought to require

in order to guarantee uniqueness of solutions. But that argument only applies when -

12
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The kind of qua!itati\)e analysis we have been describing has another virtue. In
comp.lex situations .there is likely to be a considerable gap between the real
environmen_f of a.decision (the world as God or some other omniscient observer sees
it) and the environment as the actors perceive it. The analysis can then address itself
either to normative ques’ltions -- the whole range of consequences that should enter
into decisions in such situations -- or descriptive questions, including the questions of
which components of the situation are likely to be taken into account by the actors,
and how the actors are likely to represent the situétion as a whole.

Learﬁing phenomena are also readily handled within this framework. A number
of the changes introduced into planning and control procedures iﬁ Eastern European
c0untrie3'duri'ng the 1960’s were instituted when the governments in questien learned
by experience of some of the disfunctional consequences of trying to control
production by means of crude aggrevgates of physical quantities. An initial distrust of
prices and market mechanisms was gradually and partially overcome after direct
experience of the disadvantages of some of the alternative mechanisms. These
learning experiences could be paralleled with experiences of American steel companies,
for ekample, that experimented with tonnage incentives for mill department
superiﬁtendents.

A »general‘prOposition that might be asserted abbUt organizations is thei the‘
ht'Jr'nberi of 4c'onside.rations that are potentially relevant to the ef'fectiveness of an

orgénization design is so large that only a few of the more salient of these lies within

we are trying to deduce unique equilibria, & task quite different from the one most
institutional writers set for themselves. However, I have no urge to enlarge on this
point. My intent here is not polemical, oh behalf of satisficing postulates, but rather
to show how large a plot of common ground is shared by optimizing and satisficing
analysis. . '

13
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the circle of awareness at any given time, that the membership of this subset changes
continually as new situations (produced by external or internal events) ari‘se, and that
"learning” in the form of reaction-to perceived consequences is the dominant way in
which ratiotnaiity exhibits itself.

In a world where these kinds of adjustments are prominent, a theory of rational
behavior must, be quite as much concerned with the characteristics of the rational
actors '_— the means they use to cope with uricertaihty and cognitive complexity --Aa"s
with tiie characteristics of the objective environment in which they make their

decisions. In such a world, we must give an account not only of substantive rationality

-- the extent to which appropriate courses of action ére chosen -- butf also procedural

rationality - the effectiveness, in the light of human cognitive powers and limitations,

of the procedures used to chooyse actions. As economics moves out toward situations
of increasing coghitive complexity, it becomes increasingly concerned with the cbility
of actors to cope with this complexity, and hence. with the procedural‘-aspécts of
Arationality. In the final section of my talk, I would like to develop this concept of

procedural rationality, and its implications for economic analysis.

Mind As The Scarce Resource

Until rather recently, such limited attention as was paid by economists to
procedurai, cs‘ distinct from substantive, rationality was mainly motivated by the
problems of uncettainty anci expectations. The simple notion of maximizing utility or
- profit .could not'be“'appiied to situations where the optimum action depended on
unCeftaiﬁ 'enyironrrientai evcnts, or upon the actions of other rational agents (e.g.,

imperfect competition). The former difficulty was removed, at least conceptually if not

14
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computationally, by replacing utility maximization with the maximization of subjective

expected utility (SEU) as the criterion of rationality.

In spite of its conceptual elegance, the SEU solution has some grave defects as
either a normative 6r a descriptive formulation. In general, the Optihal solution
depends upon all of the moments of the frequency distributions of uncertain events.
The exceptions are a small but important class of cases where the utility or profit

function is quadratic and all constraints arc in the form of equations rather ‘than

inequali’(ies.-3 The empirical deféct of the SLU formulation is that when it has been

subjécted to laboratory test? even in relativély simple situations, the behavior of
human éubjects hés‘vgeneraHy departed widely from it. (Kahneman and Tversky, 1973;
EdWards, 1968). ‘Hence,A it is hard to tgke seriously as a theory of actual human
behavior in the face of uncertainty.

| I have elsewhere cailed‘imperfect competition “"the permaneAnt' and ineradicablé
scandal of economic theory (Simén, 1976, p. 140)." For situations where the rationality

of ah action depends upon what others (who are also striving to be rational) do, no

consensus has been reached as to what constitutes optimal behavior. The most

imaginative and ambitious attempt' to rgsolve the difficuity was the von Neumann-

Morge:nstern theory of garhes, which is embarrassing in the wealth of alternative

solutions it. offers. While the theory of games reveals the potential richhess of

behavior when rational individuals are faced with conflict of interest, the capability of
reacting to eéch other’s actions (or expected actions), and possibilities for coalition, it
has provided no Lmtie and universally accepted criterion of rationality to generalize

the SEU criterion and extend it to this broader range of situations.

A3

3 In this case the expetted'values of the environmental variables serve as certainty
~equivalents, so that SEU maximization requires only replacing the unknown true values
by these expected values. See Simon (1956).

15
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The so-called "rational ex;;ectations'.' models, currently .so popular (and dUe
originally to Muth, 1961), pass over these problems rather than solving them. They
‘ignore potential coalitions and attempted mutual outguessing behavior, and correspond
. to optimal soluti.ons only when the losses are quadratic functions of the errors of
estimate.4-Hence they do not correspond to any classical criterion of rationality, and
labeling them with that term provides them with a rather unwarranted legitimation.

Finally, it should be remarked that the motivation for developing theories of
“uncertainty and mutual -expectations has not been to replace substantive criteria of
rationality with procved,ural criteria, but rather to find substantive criteria broad
enough to extend the concept of rationality beyond the boundaries of static

optimization under certainty. As with classical decision theory, the interest lies not in

oS4 A

how decisions are made but in what decisions are made.

Search énd Teams

Decision procedures have been treated more explicitly in the small bodies of
work that -have grown up in economics on the theory of search and on the theory of
teams. Both these bodies of theory are specifically concerned with the limits on the

ability of the economic actor to discover or compute what behavior is optimal for him.

Both. aspire not only to take account of human bounded rationality, but to bring it

within the compass of the rational calculus. Let me explain what I méan'by that
distinction.
Prob|ems of search arise when not all the alternatives of action are presented to

the rational actor ab initio, but must be sought through some kind of costly activity. In

}4 Le., only under the conditions where the uncertainty equivilants of the previous
footnote exist. ' - :

16
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~general, an’ act.ipn willi be chosen before the se‘a‘rch has revealed all possible
alternativés_. One ex'amplé of this kind of problem is the sale of a house, or some other
asset, wh'en"o.ffers ar‘é. received sequentially and remain open for o‘nly a limited time
(Simon, 195x>. Another example, which has been widely cited, is the purchase of an
automobile invélVing frayel to dealers’ lots (é‘cigler, 1961). In both these examples, the
question is not how the ”search is carried out, but how it is decided when to terminate
it -- that is, the amount ‘of search. The question is answered by postulating a cost that
‘indrevases with the total amount of search. In an optimizing model, tﬁe cqrrect'point of
termination is found by équating the marginal cost of seaféh with the (expected)
ﬁwarginal improvement in the set of alternatives. In a satisficing modei, search
terminates when the best offer exceeds an aspiration level that itself adjusts gradually
to the value of the offers received so far. In both cases search becomes just another
factor of production, and investment in search is deterfnined by the same marginal
principle as investment in any §ther factor.

Hdwever cavalierly these theories treat the actual Searc.‘hApro'vc‘ess, they do
recognize explicitly that information gathering is not a free activity, and that unlimited
“amounts of it -are not available. | |

The ‘tvh‘e'ory of teams, as developed by J. Marschak and R. .Radner,.go‘e's a step
farther in specifying the prbcedure of decision. That the‘or)'/, as most of you know, is
concerned with the Aimprovement that may be réalized in a team’s decisions by
interchange ofvinfvormati.o'n among the team members. But here the theory does not
limit itself to determining the aggregate amount o; information that should be
interchanged, but seeks to calculate what messages should be‘ exchanged, under wHat
conditions, and at what cost. .The content of the communication, as we_t} as its total

amount, becomes relevant to the theory.
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In its attitude toward rationality, the theory of teams is as "classical," howéver, .
as is sevarcH theory. The bounds on the rationality of the team members are
"externalized" and represented as costs of communication so that they can be folded

into the econom'ic calculation alon_g with the costs and benefits of outcomes.

Rational Search Procedures

| To find theories that compare the merits of alternative searéh pr:ocedures, wé
must loak largely outside fhe domain of economics. A number of such theories have
beeﬁ déveIOpe‘d iniv the past thi'rty years, mainly by management scientists and
researchers in thé field of artificial intelligence. An important example is the body of .
o wdrk that has been .dc-)ne on integef programriing.

Integer programming problems resemb!é linear programming problems (to

maximize some vquantity, subject to constraints in the form of linear equations an
inequalities), with the added condition that certain variables can only take whole
numbers as their values_. The integer constraint makes inapplicable most of the
pbwerful computational methods available fof solving linear programming problems,
with thé result that integer programming problems are far' less t.ractible,
co:mwputationally, than linear programming problems having comparable numbers of
variables. Solution methods for integer proéramming problems usé various forms of
highly selective search -- for example branch-and-bound methods that establish
successively narrower limits for the value of the optimum, and hence permit a
_corrésponding narrowing of search to promising regions of the space. It becomes a

matter of considerable practical and theoretical interest to evaluate the relative

computational efficiency of competing search procedures, and also to estimate how the
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cost of search will grow with the size of the problem posed. Until recently, most
evaluation _of search algbrith’ms has been empirical: they have been tested onh sample
probiems. Recehtly,’hOWever’, a body of tHeory -- called theory of computatiqnal
c_qmplexity -- has grown up that begins to answer some of th.ese questions in a mo’re»
fundamental wey.

I caﬁnot 'gi\‘/e here an account of the theory of computational complexity, or all.
of its imblications for procedural rationality. A good introduction will be found .in
————————— One. in;sportan»t kind of result that comes out of the theory does require at
least brief mention. fﬁese 'results have to do with the way in which tHe amount of
computatio.n required to solve problerﬁs of a given class grows with the size of the
problems -- With the'numb‘er of vafiables, say.5

Ina domain where computational requirements grow rapidly with problem size,
.,_"we- willl_be eble to solve only small problems, in domains where the requirements grow. -
slowly; w,e" -Willj be»able to éolve.much larger problems. The problems that ‘the real
- world presente to us are geher_a!ly enormous co-mpared'with the problems that we can.‘
solv.e on even our largest computers. Hence, our computational models are always
rough approximations to the reality, and we raust hope that the approximation will not
be too inexact tokbe' ‘usef.ul’. “We will be pérticulerly concerned 'that computational costs
not increase rapidly»with probl'emA size.- |

It is customary in the theory of computational complexity to regard problems of
a given size as "tractible” if computations do not grow faster than at some .fixed power

of problem size. Such classes of problems are known as "polynomial complex."

5 Most of the theorems in computatlonal complexﬂy have to do with the "worst case,”
that is, with the maximum arhount of computation required to solve any problem of the

given class. Very few results are available for the expected cost, averaged over all
problems of the class. »
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Problems that grow exponentially in complexity with size are not polynomial complex,
since the fate of growth ‘of cdmput;tion comes to exceed any fixed power of their size.

N(_i}w, a large and important class of problems, which includes the general integer
program,miitiwg. p?’oblem, as well-as standard scheduling problems,have been shown all to
have the samé complexity - if one is polynomial éomplex, then all are; if one is not
.polynomial complex, then none are. T-hese problems have been labeled "NP-complete."
It is conjecture‘d, but not yet proven, that the class of NP-complete problems is not
polynomially complex, but probably exponentiaily complex. |

The significance of these findings and conjectures is in showing that
computational difficulties, and the need to approximate, aré not just a minor annoying
feature of ou? world, to be dealt with by manufacturing larger computers or breeding
smarter people. Complexity is deep in the nature of things, and discovering tolerable
approxihé‘tioh ‘proce'dures and heuristics that permit huge spaces to be searched \}ery
.selectivel'y lies atv thel heart of intelligence, whether human or artificial.. A theory of
rationality that does not ‘_give‘ an accc‘aunt‘ of problem soglving in the face of complexity
is sadly_incomplete.»

~One interesting and important direction of research in computational complexilty
lies in sﬁoWing, how the complexity of problems might be decreased by weakening the
requirements for solution -- by requiri»ng solutions only to approximéte the optimum,'
or by replacing an optimality criterion by a satisficing critérion. Results are still
fragmentary, but it is already known that there are some cases where such
modifications reducé exponential or NP-complete problém , classes to polynomial-

complete classes.

I will leave the topics of heuristic search and computational complexity with
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these sketchy remarks. What implications these developments in the theory -.of
prbcedural rationality will have for economic: defined :;\s "the sciencé which treats‘_'of
the wealth—getiting .and wealth-using activities of man" remain to be séen. That they
are an integral part of economics defined as "the science which treats of the allocation

of scarce resources” is obvious. And the scarce resource is computational capacity --

is mind.

Attention as the Scarce Resource

Finally, I would like to turn back from the highly refi'ned' and duantitative
approaches to pfocédUral rationality that I Have j just been discussing to the more
qualit'ative-.kinds of institutional issues that were considered in the prevtous section of
this p.;aaper. For_ many of the central issues of our iime are questioﬁs of how we use
lirﬁited information and limited computational capacity to deal with enormous problemé
whose shape we barely grasp.

For many purposes, a modern government can be regarded as a barallel
co'mputing’device. While ohe part 6f its capability for rationai problem solving is
directed to fire protection, another is paving problem solving is directed to fire
protection, another is paving highways, and another is collecting refuse. For othei;
purposes, a government, like a human being, is a serial processing system, capable of
attending to only one thing at a time. When important new policies must be decided
upon, public and official attention must be focused 6n one of a few matters. Other
concerns, no matter how pfessing,”must wait their turn on the agenda. When the

agenda becomes crowded, public life begins 1o appear more and more as a succession

- of crises. When problems become interrelated, as energy and pollution problems have
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become,A there is the constant danger that attention directed to a singlé»"facet of the
‘web ‘will spawn solutions that disregard vital consequences for fhe other facets. When
oil is scarce, we return to coal, but forget that we must then deal With vastly increased
quantiiies of sulfur olxideg, in our urban air. Or we outlaw nuclear po;;ver stations
bécause of radiation hazards, but fail to make alternative provision to meet ouf energy
needs.

It is futile to talk of substavntive} rationality in public affairs without consfdering |
what procedural means are évailable to order issqes on the public agénda in a rational
way, and‘ to insure'atfention to the indirect consequences of actio'ns‘taken to reach
specific goals or sol\)e specific problems.

| These are two of the basic issues of procedural ration‘ality'thl;‘t' confront a
modern society: to rhanage attenfion and to calculate interactions of polic;ies. There
ére others of comparable impoftance: what decision-making proced(sré‘is rational when
the basic quantities .for making marginal comparisons are simply not kno_wn? A few
years ago, I wasichairman bf a National Academy of Sciences committee whose job it
was tc; advise- the Congress with v;espec’( to the control of automobile emissionsl. It is
easy to formulate an SEU model to conceptualize the prob‘lem. There is a producti.on
function .forl automobiles that associates different costs with different levels of
emissions.. vTh‘e laws governing ,thé chemistry of t'he atmosphere detérmine the
~ concentrations of polluting substances in the air |a§ a function of the levels -of
emiésions. Biology tells us what effects on life aﬁd health can be expected from
various concentrations of poliutants. All we need do js to attach a price tag to life and
health, and we can calculate the optimum leve! of p.ollution f:ontrol. ‘

*  There is only one hitch -- which will be apparent’l“ to all of you. None of the
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relevant parameters of the various “"production functions" are known. -- except,
roughly, th'e. cost of reducing the emissions tihiemselves. The physics and chemistry of
the atmosphefe presents a series of unsolv_e'd problems -~ particularly reléting to the
photochemical reactions affecting the oxides of nitrogen and ozone. And medical
science is bar.ely able to detect thaf there are health effects f(om pollutants, much less
measure how large these effects are.

The corﬁmittee’s deliberations lead immediataly to one conclusion -- one that
Congressmen are accustomed to hearing from such committees‘,‘g;']We need more
vresearch. . But while the research is being done,. what prox‘/:i-;ifc})ns should be
incorporated ;n the Clean Air Act of 1977, or the Acts of 1978 through 2000, for that
matter, for research won’t give us clean answers then either? What constitutes
procedural rationality in such circumstances?

“'Reasonable men" reach "reasonable" conclusions in circumstances where they
have no prospect of applying classical models of substantive rationality. We know ohly
imperfectly how they do it. We know even less whether the procedures théy use in
place of the inapplicable models have any mecrit -- although most of Qs would choose
them in preference to 'drawing lots. The study of pr‘ocedural ratibnality in
circumstances where attention is scarce, where problems are immensely complex, and
where crucial information is absent presents a host of challenging and fundamental
reséarch problems to anyone who is interested in the rationaltallocation of séarce

resources.
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' ‘

In histories of human civilization, the invention of wrifing' and the invention of
printing are always treated as key events. Perhaps in future histories.the invention of
electrical communication and the invention of the computer will recéive »comparable
em‘phasis. Wh‘at all of these developments have in common, and what makes them so
important, is that they represent basic changes in Man’s equipment for making rational
choices -- in his computational capabilities. Problems that afe impossiblé.to handle
with the head aloné (multiplying large numbers together, for example, become trivial
when th.ey can be wfitten down on paper. Interactions of energy and environment
that almost defy conceptualization lend themselves to at least ap_proximéte modeling
‘with modern computers.

fhe advancés in Man’s capacity for procedural rationalfty are not limited to
these obvious examples. The invention of algebra, of analytivc geometry, of the
calculus were such ad\)ances. So was the invention, if we may call it that, of the
-modern organizatioﬁ, greatly increase Man’s capacity for coordinated parallel activity.
bhanges in the production function for information and decisions are central to any

account of changes, over the centuries, of the human condition.
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