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One Analogy Can Hide Another:
Physics and Biology in Alchian’s
“Economic Natural Selection”

Clément Levallois

Historiography has placed Armen Alchian’s “Uncertainty, Evolution, and
Economic Theory” (1950) at the crossroads of two methodological epi-
sodes: the epilogue of the marginalist controversy and the rebirth of evo-
lutionary theories. For some, Alchian’s was one of the last contributions
to the marginal analysis controversy, which started with Robert Hall and
Charles Hitch’s (1939) argument that businessmen do not determine price
according to the prescription of the marginal analysis, but use instead a
rule of thumb based on the full costs of production. This result triggered
a long series of counterarguments and rejoinders, in particular by Richard
Lester (1946) and Fritz Machlup (1946). Alchian’s argument in the 1950
paper presents itself as a defense of marginal analysis. Alchian agreed that
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maximum profit is an impossible objective to pursue given the fundamen-
tal uncertainty of future production and market conditions. Still, some
firms would eventually (by sheer luck or otherwise) hit optimal pricing
policies with regard to the observed realized market conditions. Provided
that competition was intense enough, these firms would therefore get
maximum realized profits and prosper, while less performing firms would
be driven out of business. Whatever the actual behavior of entrepreneurs
emerging from empirical surveys, economists equipped with marginal
analysis could still proceed “as if”” firms were maximizing entities.!

Others were concerned with the biological analogy at work in Alchian’s
article. Alchian (1950, 214) argued that the relative performance of firms,
measured by their ex post profits, is comparable to the differential survival
of organisms, determined by the degree of adaptation to their environ-
ment, as professed by the theory of natural selection:

Consider, first, the simplest type of biological evolution. Plants “grow”
to the sunny side of buildings not because they “want to” in awareness of
the fact that optimum or better conditions prevail there but rather because
the leaves that happen to have more sunlight grow faster and their feed-
ing systems become stronger. . . . There may have been no motivated
individual adapting but, instead, only environmental adopting.

“The economic counterparts of genetic heredity, mutations, and natu-
ral selection are imitation, innovation, and positive profits” (220), he
concluded.

On Alchian’s own admission, it was the first of these two views that
informed the writing of his article. In a comment on an article by Edith
Penrose, who criticized his use of a biological analogy in a social con-
text, Alchian (1953, 601) replied that “the theory I presented stands inde-
pendently of the biological analogy,” and explained that “readers of an
earlier draft, containing no references to the biological similarity, urged
the analogy be included as helpful to an understanding of the basic

1. The methodological dimension of the controversy was surveyed by Frederic Lee (1984),
who provides also some historical context, but he stops short of including Alchian’s article.
Philippe Mongin (1986, 1992) argued that the controversy leads to Milton Friedman’s metho-
dological thesis that theoretical assumptions need not be realistic, which Friedman (1953)
indeed spelled out in explicit opposition to the critics of marginal analysis. The biological
analogy in Alchian’s article and the subsequent exchange with Stephen Enke (1951, 1953) and
Edith Penrose (1952, 1953) are discussed in the following: Winter [1964] 1988; Hirshleifer
1977; Kirat 1991; Hodgson 1993, 198-99; Hodgson 1994; Vromen 1995; Lagueux 1998; Solal
1999; Hodgson 2005; and Levallois 2008.
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approach.”? This may well have been an easy way out of Penrose’s criti-
cisms, since Alchian added that “criticisms of the latter [the biological
analogy] are irrelevant to the theory.” Yet, at a conference on evolution-
ary theories in economics and law, to which Alchian was invited as one
of the founding fathers, he stated:

[Sidney] Winter: I saw the phrase—the Alchian paradigm on the out-
line [of the conference]. Alchian: Can I just say something? It’s very
embarrassing, you write an article in response to two misplaced arti-
cles, one by a fellow named Lester and one by a guy named Machlup.
Lester was arguing that businessmen do not think in terms of Mar-
shall’s cost calculations and it therefore can’t be right; and Machlup
says oh, yes they do and therefore it is right. Both of them irrelevant
positions and so you simply apply the well-known evolutionary theory,
put it on a paper, and it becomes a classic. (Alchian 1982, 149)

It is the basic contention of the present article that this is not the end of
the story. Alchian’s handling of the marginal controversy was but one
instance of his attempts to reconcile the existing analytical framework
of economics with relevant aspects of economic reality, through the use
of statistical arguments. Once this has been recognized, it is realized that
Alchian’s solution to the controversy was chiefly a statistical one, and
secondarily an evolutionary one. The main support to our claim is that
Alchian used not one but two overlapping analogies in his paper, one of
which concerned statistical mechanics. The overlap, it is argued, explains
why Alchian’s economic natural selection lent itself so easily both to the
advocates of maximization and to evolutionary economists.

We will focus on Alchian’s education in statistics and his early career,
pointing to the permeation of contemporary statistics with biological
meaning. During the following years Alchian spent at the RAND Cor-
poration, the early studies in systems analysis (and their failure) convinced
him that uncertainty was a central challenge, threatening the core assump-
tions of marginal analysis. We will then make use of this background to

2. On the direct source of this analogy, Alchian explains that it was during a classroom
exposition of Lester’s and Machlup’s articles that he came up with the biological analogy.
Then, “words of my comments passed to my colleague Professor Stephen Enke, as sensible
and practical an economist as you would ever want to know. He remarked that the comments
would make a publishable article. I scoffed that it was all too obvious and trivial, and appro-
priate only for class lecture, not as a publishable article. He nevertheless urged me to write it
at least for future classroom handouts” (Alchian [1996] 2006, xxiii).
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provide a new understanding of Alchian’s “Uncertainty, Evolution, and
Economic Theory.” We argue that its biological analogy was itself molded
after a mechanical analogy. The economics of the firm Alchian was inves-
tigating in the paper, the natural selection he was referring to, and the
underlying mechanical analogy, all were statistical answers to the chal-
lenge presented by uncertainty—precisely the main interest of Alchian
while he was at RAND.

Alchian and Fisherian Statistics

Alchian was born in 1914 in Fresno, California. He was from a modest
background, and when he was awarded a scholarship to study at Stanford
University in 1932, without additional financial support, he had to decline
and go to Fresno College instead. He finally entered Stanford in 1934,
where he received his BA in economics in 1936. In 1938, he took a course
in statistics with economist and statistician W. Allen Wallis. Alchian
(2000) recalls: “[Wallis was one of the] big heroes of my life. . . . he gave
us the modern new statistics. A real eye opener. It was a great probability
theory. He gave us R. A. Fisher’s biological methods, [which] were hard as
hell to read.” He also remembers vividly one particular problem:

And the famous lady tasting tea. . . . The lady claimed she could tell
when you gave her a cup of tea, whether you put the cream in first, or
whether you put the sugar in first. And your problem was to test her
ability to do that. How would you design the experiment? That was
[Wallis’s] first [problem], and it was a good problem. Design an experi-
ment, test a new hypothesis and all that. . . . that was the new statistics.’

The “new statistics” of Ronald A. Fisher had been introduced in the United
States by Harold Hotelling, who had spent the second half of 1929 work-
ing with Fisher at the Rothamsted Experimental Station and kept close
contact with him afterward. Wallis had been a student of Hotelling at
Columbia in 1935-36, and as Alchian’s recollection testifies, Wallis had
well absorbed the Fisherian approach to statistics (Oklin 1991; Smith
1978). Alchian’s mention of the “biological methods” points to the con-
text in which statistics was developed at that time. Whereas in the United

3. This problem had its origin at a tea party that took place just a few years before, in
Cambridge, England, when a lady actually made this claim. Among the guests, it was Ronald
Fisher who proposed to devise an experiment to test her claim (Salsburg 2001).
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States, professional interest in statistics was overwhelmingly related to
social issues, as shown by the membership of the American Statistical
Association (Rice and Green 1929; Funkhouser 1941), in Britain statistics
had a close connection to the treatment of biological issues. Biometrika
was still the leading journal of the field, and Fisher, the leading statistician
of his time, was also one of the founders of the “Neo Darwinian synthe-
sis.” His Genetical Theory of Natural Selection (1930) presented a statisti-
cal model of evolution along the principles of Mendelian genetics. Finally,
in relation to his eugenic views, Fisher had a continuing interest in the
statistical investigation of heredity.

Inevitably, the importation of Fisherian statistics into social science
bore some mark of this biological context. Fisher’s Statistical Methods for
Research Workers ([1925] 1932), which went through fourteen English-
language editions and was meant originally as an introduction especially
for biologists, found an audience extending to the wider scientific com-
munity (Salsburg 2001, 38). The editor’s preface pointed out that, indeed,
“conspicuous progress is now being seen in the field of general physiol-
ogy, of experimental biology, and in the application of biological prin-
ciples to economic problems” (Fisher [1925] 1932, v). This meant that
economists such as Alchian, who were the first generation learning sta-
tistics through Fisher’s books, probably read his Statistical Methods for
Research Workers,* in which the Poisson series was illustrated by an
application to “motile organisms,” or studied the binomial distribution
through a discussion of its fit to some data on sex ratios.’

Alchian was inevitably confronted with biology as the primary field in
which modern statistics had been developed. It infused him with a view of
Darwinism not concerned with the particularities of the economy of

4. This was actually the case for Alchian, who provides further indications of his education
in biology with a revealing slip when he mentions the title of Fisher’s book: “I was fortunate to
have had a father who thrust my nose into Darwin’s Origins when I was in high school. Then, in
college, I had a course in biology which was all Darwin and evolution. Finally, at the graduate
level, I was fortunate to have worked with Professor Wallis, who introduced me to R. A. Fisher’s
Statistical Methods for Biological Research [sic]” Alchian ([1996] 2006, xxiii—xxiv).

5. It is likely that Alchian also studied Fisher’s other important textbook, The Design of
Experiments (1935). Indeed, the second chapter of this book illustrated the principles of
experimentation through a “psycho-physical experiment,” consisting in “[a] lady declar[ing]
that by tasting a cup of tea made with milk she [could] discriminate whether milk or the tea
infusion was first added to the cup” (Fisher 1935, 13). The third chapter (possibly the second
lesson Wallis taught to his students) introduced Student’s #-test and was illustrated by data
drawn from Charles Darwin’s inquiry on the growth rates of inbred and cross-bred plants.
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nature, comprising the details of the physical settings and the actual inter-
actions between species describing an ecosystem. Rather, Darwinism as
perceived through Fisher was dealing with populations of individuals
characterized by demographical parameters, statistically defined (basi-
cally, birth and death rates, the Malthusian parameter), governing their
path toward expansion or extinction. It was an illustration of how a statisti-
cal approach could reconcile the complex agency of evolved species with
the dynamics of inherently stochastic moves at the genetic level. In a sim-
ilar way, Alchian’s article claimed to explain the orderly agency of an
industry composed of optimizing firms, while giving full credence to the
erratic behavior of firms at the individual level—by means of a statistical
argument.

On his own admission, Alchian’s economics dissertation was not stim-
ulating, and he found much more interest in the statistical work he accom-
plished when the war broke out. Alchian was engaged at Fort Worth for
the Army Air Force. There, he applied straightforwardly what he had
learned from Wallis, devising tests and procedures for the selection and
placement of cadets in airplane crews. Relieved from duty in 1946 and
ranking captain, he found a position as an associate professor at UCLA, a
few miles from Santa Monica, where RAND was founded the same year
(Hounshell 2000, 296 n. 4).5

First Challenges at RAND

As the operations research groups built up during World War 11 were
progressively disbanded, scientists resumed their civil occupations. But,
with the transition to the Cold War being so abrupt, some regretted that
so successful an experience as operations research could not be prolonged
in some form. Project RAND of the U.S. Air Force (formerly the Army
Air Force) was then created in May 1946 precisely to provide such a place
for civil scientists to work on a permanent basis on military matters. Proj-
ect RAND was transformed into an independent organization in 1948
under the name of RAND Corporation, its financing coming from foun-
dations such as Ford and from contracts with governmental institutions.
RAND remained dedicated for a long time to studies in military airpower

6. “Alchian has written four chapters on the methods of statistical analysis employed in
the AAF Aviation Psychology Program that are notable for their presentation of up-to-date
concepts in surprisingly compact and straightforward fashion” (Davis 1948, 560).
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funded chiefly by the air force; it diversified its activities toward civil
spatial research and public policies in the late 1950s.”

Well known in both military and academic circles, Wallis became
one of the major consultants to RAND. When asked to gather scientists
who could become consultants for RAND, he put forward Alchian as a
suitable candidate. His former student was well trained in statistics, he
was an officer in the air force, and lived nearby. At a conference held on
14-19 September 1947 by RAND to recruit social scientists, Alchian
was one of the very few economists present. Hitch was another.

Hitch became the director of the economic division at RAND and
Alchian the “first economist regularly engaged in research at The RAND
Corporation” (Enke 1967, 74). He would serve as a consultant for two
years, soon spending each afternoon and every Saturday at RAND. He
would become a formal employee from 1949 to 1960, then again a con-
sultant until 1964.8

Alchian’s first study at RAND was on learning curves in the aeronau-
tic industry. He studied twenty-two types of airplanes (fighters and bomb-
ers) designed and produced during World War II. Learning curves, a phe-
nomenon first characterized by Theodore Wright, predict that the amount
of labor needed to produce the nth plane will be less than the amount of
labor needed to produce the nth — 1 unit. Alchian (2000) explained that
the setting of the problem, in a practical way rather than in full abstrac-
tion, was determinant, because “in looking at a real problem, and trying to
get a sensible answer, I have begun to realize that we had to understand
it more fully™

In RAND, we began to look at the cost of producing different kinds of
engines and parts. I started to work on the measurement of costs,

7. David Jardini’s (1996) PhD dissertation is the best source available on RAND’s history
up to the seventies. See also Kaplan 1983, Leonard 1991, and Mirowski 1999, 2002. Kenneth
Boulding (1962, 332) ironically noted: “The RAND Corporation is financed mainly by the
United States Air Force, so that its studies must be accepted with the same kind of reserve
that, shall we say, we might greet a study of the Reformation by Jesuits based on unpublished
and secret documents of the Vatican.”

8. The biographical information above is drawn from Alchian’s personal file at RAND,
cited by David Hounshell (2000). However, Alchian (2000) himself states that he “was a
consultant all the time at RAND, never a staff member in the fullest sense.” Given the publi-
cation policy of RAND, which keeps some reports classified (even their mere existence might
be unreported to the public), our account is clearly incomplete. We are aware of Alchian’s
(1952) work on capital replacement policy at RAND, but we will not expand on it, for it does
not modify our main argument though it brings further support to it.
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because they were costing airplanes. I'd go look at the literature, and I
could not quite understand what they were talking about. . . . I looked at
the engineering literature on costs, and we were getting results . . . con-
trary to economic principles. They had falling marginal costs—they
literally called them falling marginal costs. Now, any economist knows
that marginal costs always are rising; they don’t fall! But here these
engineers . . . Not only were they falling, they were falling at 20% every
time you doubled the output! [It is] called the 80% curve. . . . [I said to
Charlie Hitch] “Look at these data! Look at what we do!” He said,
“That’s interesting. Well, something is wrong.”

With his article written with Hall in 1939, Hitch had some experience
of data not fitting classic assumptions in economics. Alchian’s own solu-
tion was not to dismiss the assumption, but to restate it. He pointed out
that variations in output had two distinct sources: the volume of output
could increase due to an increased rate of production or due to a longer
production period. In the former case, one observed rising marginal costs
(possibly due to physical nonlinearities in the production process), whereas
in the latter case one observed falling marginal costs (due to a learning
process), which corresponds to the conundrum of the “80% curve” Alchian
encountered in the engineering literature.’

Such a result was solid, because it solved the apparently inexplicable
discrepancy between economic theory and hard-nosed facts. The latter
were fully acknowledged and even given a better understanding, while
the classic assumption in economics was restated in a new form, plainly
coherent with the observed reality. One should think that this would be
precisely the kind of result that his article on economic natural selection
would achieve: to provide an analytical defense of a major assumption of
marginal analysis against the challenge posed by empirical studies on
entrepreneurial behavior, with contradicting observations fully acknowl-
edged rather than explained away.

Still on learning curves in airframe production, Alchian’s research
highlighted another problem arising from the confrontation between

9. In the published version, Alchian suppressed the Cold War context of the problem and
deleted the references to the planes, illustrating his reasoning by “automobile production
and printing costs” instead. The paper was published in a volume celebrating one of his
former teachers at Stanford (Alchian 1977), with an acknowledgment to “William Meckling
of the RAND Corporation.” The “learning curve,” also called the “experience curve” or
“progress curve,” was popularized in the strategic literature in the late 1960s by the Boston
Consulting Group.
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economic models and reality, leading him to an important conclusion
about the role of uncertainty in economic theory. Learning curves were
used by contractors to predict the production cost of airplanes, with
equations typically taking the following form:

log,,m =a+ blog, N,

with m, the direct labor per pound necessitated for the production of the
Nth plane.

Alchian put this relation to the test. His conclusion stated that for a
given production of 1,000 airplanes, estimated learning curves such as
the above were affected by an average error of prediction of 25 percent
(Alchian 1963, 679). This result did not lead him to question the robust-
ness of the relation (“the results cast doubts on any of the alternatives
being better fits than the usual progress curves”); instead, Alchian insisted
on the fundamental uncertainty inherent in such an attempt to predict
costs. There again, Alchian was getting close to Hitch and Hall’s objection
to the postulate of rational decision making.'® He noted that some basic
assumptions were doomed to be falsified once the actual production pro-
cess was unfolding. The analyst’s role would be then to provide the deci-
sion maker with an estimate of the uncertainty of the prediction, before
the decision was made. In any case, reliable decisions could not be made
if alternative programs were not “disparate beyond the range of uncer-
tainty of error of estimate of the predictive method” (692). Reached in
1949, this conclusion acknowledged uncertainty as a major obstacle to
rational choice. If the difference between any two outcomes were so small
that no one had an objective basis upon which to distinguish one from
another, then there was no hope to reach a “rational” decision."! Alchian’s
article on economic natural selection, written during the same time,
defined uncertainty in precisely those terms:

Under uncertainty, by definition, each action that may be chosen is
identified with a distribution of potential outcomes, not with a unique

10. It is to be noted that the published version of the paper makes an acknowledgment
“to Charles Hitch, who encouraged and aided the study” (Alchian 1963, 679).

11. On the date of the writing of this article, Alchian stated in the abstract to his 1963
paper the following: “In 1948, when seeking estimates of costs of alternative weapon sys-
tems, the potentially embarrassing error of relating costs to rate of output while ignoring
another relevant variable, quantity of items produced, was made obvious by access to the air-
frame production data analyzed in this paper. By 1949 the present paper had been completed
for the RAND Corporation, but reliance on ‘military classified’ data and sources prevented
open publication at that time.”
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outcome. Implicit in uncertainty is the consequence that these distri-
butions of potential outcomes are overlapping. [Here, there is a foot-
note that reads, “Thus uncertainty is defined here to be the phenome-
non that produces overlapping distributions of potential outcomes.”]

... Suppose one has the higher “mean” but a larger spread, so that
it might result in larger profits or losses, and the other has a smaller
“mean” and a smaller spread. Which one is the maximum? This is a
nonsensical question. (Alchian 1950, 212)

Alchian hastened to add, “To ask for the optimum distribution is not non-
sense.” But as his involvement with RAND’s systems analysis taught him,
it still raised the question of according to which criterion a given distribu-
tion would be deemed optimal.

Systems analysis was the integrated method of investigation that would
become the hallmark of RAND’s expertise in the 1950s, synonymous
with scientific rigor and cold-blooded objectivity. Entrusted by the suc-
cesses of operations research in World War 11, and the fast-paced devel-
opment of promising techniques such as game theory, systems analysts
at RAND were confident that a “science of war” was at hand. Uncer-
tainty, both technological and political, was a serious threat to such hopes.
In January 1950, a major RAND project in systems analysis, devising a
global aerial bombing system of an intercontinental target, was presented
to the air force. The study was impressive from an analytical perspective,
but practically speaking a disaster. A major issue was the criteria used to
compare alternative bombing systems:

The report employed three different choice criteria: ratio of system
cost to damage inflicted, ratio of pounds of aircraft lost to damage
inflicted, and number of aircrews lost per damage inflicted. Of these,
the ratio of system cost to amount of damage was the criterion upon
which the primary optimizations were based, largely since it was most
easily calculated with a comfortable degree of certitude. However, Air
Force critics of the . . . study, virtually all of whom were former aircrew
members, reviled RAND’s apparent reduction of human life to a quan-
tifiable factor that was given, at best, equal weighting with machinery.
(Jardini 1996, 61)

The critics of this study entered into a more general discussion of
the “criteria problem” in the RAND economics department. Alchian was
directly involved in the search for a criterion that could serve as a uni-
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versal yardstick to evaluate alternative outcomes in systems analysis.'>? He
had been made conscious of how much uncertainty affects the produc-
tion and costs of airplanes, and this convinced him that more powerful
maximization techniques were not the solution to the problem (Hounshell
2000, 260). This is precisely how he stated the maximization problem in
his article on economic natural selection:

In the presence of uncertainty . . . there is no meaningful criterion for
selecting the decision that will “maximize profits.” The maximum-
profit criterion is not meaningful as a basis for selecting the action
which will, in fact, result in an outcome with higher profits than any
other action would have. (Alchian 1950, 212)

As we know, Alchian’s way out of this problem was to appeal to the
survival argument, which assured that among a large population of firms,
those with positive profits would outcompete the unprofitable ones, mak-
ing sure that after sufficient time, industries tended to be solely composed
of maximizing firms. Before examining in more detail how this solution
was itself framed after a statistical argument, let us briefly summarize
our claims so far.

The institutional settings of his research around 1950 appear to have
heavily influenced Alchian’s approach to the issue of profit maximization.
His activities at RAND had trained him to deal with wide discrepancies
between classic assumptions in economic theory and “onsite” observa-
tions. He confronted uncertainty as a problem plaguing economic deci-
sions with large error margins and threatening systems analysis with
impotency. His 1950 article, written while the “criteria problem” was
much discussed in the economics department at RAND, reflects Alchian’s
acknowledgment that uncertainty rendered both business leaders in
industries and systems analysts at RAND incapable of reaching optimal
solutions. He reckoned that in the estimation of the cost of airframes and
of a firm’s production costs alike, uncertainty was nullifying the prospects
of a rational decision, if it meant predicting the maximum outcome. He
could have ignored the problem and been satisfied with the assumption of

12. “Scholars of no less caliber than economist Kenneth Arrow concentrated on solving
the problem” (Jardini 1996, 107). This would mean that Arrow’s search for a utility function
for the USSR, and his subsequent developing of his impossibility theorem, could be related to
the vain search for a general evaluative criterion in systems analysis. Later, economists
Charles E. Lindblom and James Buchanan would also spend some time at RAND on this
problem, with no success (Jardini 1996, 108; Amadae 2003, 42, 145).
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certainty, but it would have been “assum[ing] the answer” (Alchian 1950,
213) to the problem at hand, when RAND’s raison d’étre was precisely to
provide realistic answers informing operational decisions. Alternatively,
Alchian could have chosen to handle uncertainty according to the popular
definition of Frank Knight, who defined it as being out of reach of a statis-
tical characterization. But Alchian was trained in statistics, and through
the positive example of Fisher’s redrawing of biological problems on sta-
tistical lines, he had gained confidence that it was the right tool with which
to tame uncertainty. Indeed, what we want now to emphasize is that
Alchian’s article was not merely a recording of the difficulties implied by
a rigorous statistical definition of uncertainty; it was also a statistical
answer to this problem.

A Reinterpretation of Alchian’s
Economic Natural Selection

Alchian introduced his analysis with the hypothetical case of businessmen
with no foresight, and insisted on the “fortuitous” circumstances that lead
to the success or failure of firms to generate positive profits. If one expected
the assumption of profit maximization to be rescued by Alchian’s argu-
ment, one might have found his disregard of rationality and purposive
behavior as ill oriented. Alchian was going even further than Hall and
Hitch, who at least assumed some kind of rationality to describe the
behavior of businessmen. Edith Penrose later noted that Alchian’s orien-
tations deprived economic analysis of what was then judged as its essen-
tial analytical power, namely, the study of the teleological behavior of the
firm. But in giving up this perspective, Alchian reframed the problem as
one analogous to statistical mechanics, and thereby benefited from some
of its advances. If Alchian famously illustrated his argument with a bio-
logical analogy, he also developed a metaphor taken from French mathe-
matician and statistician Emile Borel:

Suppose two million Parisians were paired off and set to tossing
coins in a game of matching. Each pair plays until the winner on the
first toss is again brought to equality with the other player. Assuming
one toss per second for each eight-hour day, at the end of ten years
there would still be, on the average, about a hundred-odd pairs; and if
the players assign the game to their heirs, a dozen or so will still be
playing at the end of a thousand years! The implications are obvious.
Suppose that some business had been operating for one hundred years.
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Should one rule out luck and chance as the essence of the factors pro-
ducing the long-term survival of the enterprise? (Alchian 1950, 215)

This analogy concatenated two sub-analogies. First, it implied that
firms would simply be considered as molecular particles tossed repeatedly
at a micro-level, the industry being the macro-state that such a molecular
agitation created. The analogy allowed Alchian to consider firms as inde-
terminate particles, whose next move could not be predicted according
to some maximum efficiency criterion, hence giving credence to Hall
and Hitch’s observations of the relatively sub-optimizing decision rules
adopted by businessmen. Alchian was not giving up the prospect of a
deterministic account of the representative firm’s behavior. Indeed, sta-
tistical mechanics, which revolutionized physics in the late nineteenth
century, had shown that it was possible to reconcile indeterminacy at the
micro level and the deterministic, predictable mechanical properties of
the system at the macro level. For instance in the theory of gas, a privi-
leged domain of investigation in statistical mechanics, the existence of
state parameters, such as temperature and pressure, for a system governed
by the mechanical laws of classic physics, was interpreted as the result
of the continuous averaging of random movements of gas molecules.
This physical analogy could serve to acknowledge the relative free will
of businessmen in a preserved marginal theory of the firm.

Under this view, it becomes unproblematic to acknowledge that busi-
nessmen’s behavior does not conform to the iron rule of marginal pricing,
and that they follow their own unpredictable policies, just like molecules
in a gas moving in erratic and unpredictable ways. Indeed, in economics
and physics alike, once statistically aggregated, the movements of those
particles cause stable properties of the system to emerge. Then, studies
revealing the idiosyncratic dispositions of businessmen cease to be a threat
to the discovery of some general characteristics of a representative firm—
they can even be considered as a confirmation of the normal functioning
of the industry. Alchian was well aware of the benefits to be expected
from this analogy:

It is not even necessary to suppose that each firm acts as if it pos-
sessed the conventional diagrams and knew the analytical principles
employed by economists in deriving optimum and equilibrium condi-
tions. The atoms and electrons do not know the laws of nature; the
physicist does not impart to each atom a wilful scheme of action based
on laws of conservation of energy, etc. The fact that an economist
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deals with human beings who have sense and ambitions does not
automatically warrant imparting to these humans the great degree of
foresight and motivations which the economist may require for his
customary analysis as an outside observer or “oracle.” The similarity
between this argument and Gibbsian statistical mechanics, as well as
biological evolution, is not mere coincidence. (216 n. 12)'3

The fact that the characteristics of the representative firm were of the
type predicted by marginal analysis necessitated a second step in the
exploration of those analogies. In Borel’s thought experiment, selection is
represented by the arbitrary rule stating that pairs get out of the game
when equality between two players is reached. Alchian turned to the “eco-
nomic natural selection” analogy to find a more elaborate notion of selec-
tion, which was made easier by the fact that the survival principle could be
expressed both in statistical and biological terms. Darwinian natural selec-
tion had been reconceptualized by Fisher as a process of elimination of
statistical variance in genetic fitness. A population of individuals hetero-
geneous from a fitness perspective would be driven, given sufficient time,
to a state where the fittest organism will have diffused its characteristics
to all the population. As no more variance among individuals’ fitness is
available to fuel it, evolution is brought to rest (Fisher’s “Fundamental
Theorem of Natural Selection”). When Alchian proposed that firms with
less-than-zero profits would be driven out of competition, until a final
equilibrium comprising only efficient firms would be reached, this mir-
rored the process described by Fisher’s theorem. One should note that this
second analogy is closely linked to, and in fact stems partly from, the first.
As historians and philosophers of biology have noted, Fisher’s natural
selection entertained a strong relation to statistical mechanics:

Fisher . . . sought to understand the dynamics of enormous arrays
of genes in a population, rather than the casual pathways of single
genes. He did this by importing into evolutionary biology models
taken from statistical mechanics and thermodynamics. . . . Fisher, that
is, tracked the trajectories of genes in the same probabilistic spirit in

13. See also the comment on a revised version of his article that Alchian addressed to
Friedman, who refereed his paper for the Journal of Political Economy: “Fundamentally the
paper seems to represent an attempt to integrate into economic analysis those methods used
in other sciences (statistical mechanics and evolutionary adoption in biology) in an effort to
explain and predict the apparent order in economic behavior despite uncertainty and diversity
of motivation” (Alchian to Friedman, 10 November 1949, box 018, folder “19 Alchian,” Mil-
ton Friedman Papers, Hoover Institution Archives).
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which Maxwell, Boltzmann, and Gibbs tracked arrays of gas mole-
cules. (Depew and Weber 1995, 243—-44)

In this twofold framework, an isolated system (be it a population of
individuals, or a gas) is driven to a final state of rest. But while in statisti-
cal mechanics this state corresponds to the maximal disorganization of
particles (as ruled by the Second Law of Thermodynamics), natural selec-
tion drives organisms toward maximum fitness and “higher organization
in the organic world.”'* In his reference to the statistical theory of natural
selection, Alchian showed a similar trust in the convergence of the popu-
lation toward a state of higher organization, meaning an industry tending
to be populated by maximizing firms. Whereas in Fisher’s evolutionary
model the driving force was genetic fitness, in Alchian’s, it was profits.

Firms, whose policies were closer to the prescription of marginal analy-
sis, would triumph from those who adopt less-than-efficient policies,
because on average and given sufficient time, their higher realized prof-
its would make them expand, while others would shrink and eventually
disappear. This model, in which evolution is driven by chance, was admit-
tedly the “extreme” version of a generalized and more realistic analysis
making room for purposive behaviors that Alchian studied in the last
sections of his article.

For one, imitation of their successful competitors was a plausible rule of
action for businessmen trying to cope with uncertainty. Trial-and-error
was another adaptive behavior making firms likely to progress toward a
(local) optimum. Even innovation could be expected from failed attempts
to imitate a leading firm’s best practice. These purposive behaviors seemed
to contradict Alchian’s earlier emphasis on chance as the engine of evolu-
tion toward a higher state of organization, and might signal that after all,
the basic chance-model was just a provisional construction giving way to
a different sort of evolutionary model. Alchian (1950, 216) anticipated this
view and made it clear that

individual behavior according to some foresight and motivation does not
necessarily imply a collective pattern of behavior that is different from
the collective variety of actions associated with a random selection of
actions. Where there is uncertainty, people’s judgments and opinions,

14. Fisher 1930, 37, quoted in Hodge 1992, 252. Hodge documents the thesis that one
should have a “two-tendency reading of Fisher’s universe,” reflecting the influence of Fisher’s
“two heroes” on his work: Ludwig Boltzmann, the founder of statistical mechanics, and Charles
Darwin.
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even when based on the best available evidence, will differ; no one of
them may be making his choice by tossing coins; yet the aggregate set
of actions of the entire group of participants may be indistinguishable
from a set of individual actions, each selected at random.

Was the result an evolutionary model? Certainly it was, as shown by the
detailed economic natural selection analogy, featuring a rule of selection
implying differential survival among firms.!*> But it was also a mechanical
analogy, as testified by the enfranchisement from uncertainty afforded by
the statistical argument, and the reintroduction of a predetermined and
well-specified outcome to the dynamics of intra-industry competition.

Conclusion

In view of the above we can reconsider the received view about the rein-
troduction of evolutionary economics around 1950. Since Thorstein Veblen
or even Alfred Marshall, Darwinism had been transformed through its
difficult encounter with Mendelism. The synthesis provided by Fisher,
bringing together genetics and natural selection through a statistical rein-
terpretation of fitness, had made Darwinism dependent on population
genetics models, defining the dynamics of evolution in reference to a
closed system and to a final equilibrium to be reached. This should warn
us from thinking of the reference to the “biological” or even “Darwinist”
analogy in Alchian’s article as the mark of a full-fledged evolutionary
(non-deterministic in its outcome, historical in character) economic the-
ory. The not-so-evolutionary conclusions of “economic natural selection”
were amply demonstrated by its use in Friedman’s (1953) essay on meth-
odology. There, Friedman used Alchian’s survival argument as a sister
ship to the mechanical metaphor of the billiard player in support of maxi-
mization principles in economics, with evolutionary processes staying
entirely out of the picture.!® It suggested that “natural selection” does not
act as an unambiguous signal if one wants to judge whether the analogy is
a mechanical one, or one of a different sort. As David Depew and Bruce

15. However, Alchian did not make it clear what kind of hereditary material possessed by
the firm would insure the persistence of its behavior through time (an analogue to DNA and
genes), an absence that was judged a serious weakness (Penrose 1952; Winter [1964] 1988;
Hodgson 1994). Other problems included the overemphasis on purposive behavior as a factor
of evolution, which bends the analogy toward Lamarckism rather than Darwinism.

16. Hence, it qualifies Neil Kay’s (1995) insistence that Friedman’s natural selection argu-
ment significantly departed from Alchian’s original statement.
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Weber (1995) have convincingly argued, it might even be vain to search
for a clear-cut distinction between a “Newtonian paradigm” and a Dar-
winian one, because these two paradigms, which are often presented as
polar alternatives by social scientists, overlapped to some extent from the
start (Depew and Weber reinterpret the Darwinian revolution as some-
what Newtonian in character.)

Nevertheless, it would be wrong to infer that modeling strategies remain
unaffected by the call for an evolutionary framework. As later work has
shown (e.g., Winter [1964] 1988, Nelson and Winter 1982, Hodgson 1994),
an evolutionary program, even if having inevitable recourse to determin-
istic elements, lends itself more readily to the exploration of properties
emerging from the interactions of basic units at a disaggregated level.
But how much “evolution” there really is in such models will still lay
very much in the eye of the beholder, as is well exemplified in the case of
Alchian’s classic paper, whose invocation of natural selection and statisti-
cal mechanics in entangled analogies triggered both the development of
an evolutionary economic theory and a renewed confidence in physics-
inspired marginal analysis.
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