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Abstract: Econoniists frequently claim that organizational forms
which have survived a competitive natural scieciion precess will have
favoravle efficiency propertics. Without third-party contruct enforcers,
however, seleciion forces will operate upon the strategies of individual
tactor suppliers rather than upon organizational structures. This pro-
cess of dual selection  oficn generates incfficient but evulutionarily

o

stable equilibria. The Tarcto cificiency of equilibrium structures can
be assured only in a regime of complete contracts, where selection
forces operate upon organizational structures as units. Since contracts
among factor suppliers are usuaily incomplete, surviving organizational
forms will often constiiute evolu ilonary mariet failures.

1. INTRODUCTION
1.1, Evclution and Efficiency

When asked to explain why production activities are organized as
they are, economists often suggest that efficicincy requirements wouid
not otherwise be satisfied.! If pressed for some reason why efficient
organizational forms shouid arisec and persist, economists frequently
fall back upon a natural scleciion argument: existing organizations
have had to pass competitive survival tecis, and would not have passed
these tests without possessing some cfficiency advaniage. Surviving
firms will be organized ‘as if’ they were conscicusly designed according
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* Paper prepared for the session on Explanations of the Roles of Capi-
tal and Labor within a Firm sponsored by the Union of Radical Political
Lconomics at the Allied Social Science Associations Anmual Mecting, Chica-
ga, December 28, 1987.

' This functionalist argument parallels attempts i seciology to explain
organizational structures via contingency theory (Pfeffer, 1982, Ch. 4). Func-
lionalist social theory is rejected by Elster (1983, Ch. 2), but van Parijs
(1981, Ch. 2) takes a more favorable view, For an evolutionaty view of organ-
izational sociology, sec McKelvey and Aldrich (1983).
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to the Parcto criterion, much as Friedman (1953) defended the ortho-
dox axiom of profit maximization by appcaling to selection forces.

Transaction cost economics (TCE), in particular, operates from
the premise that extant governance structures are explicable primarily
in cfficiency terms, and relies on selection arguments to buttress this
premise (Wiiliamson, 1975, Ch. §; 1985: 22-—-23)2 My procedure in this
paper will be to assess TCE'’s efficiency premise in the context ol
some specific evolutionary mechanismis. As might be expected by ali-
cionados of the new institutional econcemics, 1 conclude that the etfi-
ciency of evolved structures hinges on the precise nature of the con-
tracting institutions available to factor suppliers.

Call a world without third-party contract enforces private order-
ing, and call a world where binding contracts are feasible legal oeit-
(ralism (these terms are borrowed from Williamson, 1985: 20—21; 1986).
Distinct selection processes will operate in these two institutional en-
vironments:

(@) Dual Selection. 1f the variation on which sclection forces operate
is variation in the individual straregies used by workers or capi-
talists, as would be expected in a world of private ordering,
evolved governance structures will often prove inefficient.

(b) Joint Selection. If the variation on which selection forces operate
is variation in strategy bundles — that is, variation in the joint
strategies of workers and capitalists — as would be cxpected in
a world of legal centralism, then cvolved governance structures
will be Pareto efficient.

Thus, il TCE wishes Lo rely on »the ellicacy of competition to perforim
a sort between more and less cfficient modes (of organization) and to
shift resources in favor of the former« (Williamson, 1985: 22), then
it must grant a prominent role to legal centralism. If this is regarded
as a violation of the stylized facts,? then (i) TCE could adopt a more
intentionalistic justification for its efficiency premise, along the lines
of the Coase Theorem, and forego the cvolutionary rationale; or (ii)
TCE could embrace evolutionary selection as its core explanatory prin-
ciple, while refraining from general efficiency claims.

The remainder of this section argues that the new institutional
economics requires invisible-hand theories of organizational form.
Section 2 introduces some game-thcoretic notation and formatizes the

« Reliance on evolutionary arguments to support efficiency or optima-
lity claims is by no means confined to transactiom cost theorists. For an
optimal contracting example, see Stiglitz (1975); an agency theory view 1is
provided by Jensea (1983). Selection arguments are particularly prominent
in TCE, because TCE’s emphasis on bounded rationality undercuts mmorc
intentionalistic rationales for the efficiency premise (Dow, 1987a).

3 We note that »transaction cost economics poses the problem of eco
nomic organization as a problem of contracting,« but »most disputes...
are resolved by avoidance, self-help, and the like« (Williamson, 1985: 20).
The first remark points toward legal centralism, while the second points
toward private ordering.



EVOLUTION OF ORGANIZATIONAL FORM 141

concept of organizational structure as a strategy bundle. The dual
selection process, which I associate with a world of private ordering,
is modeled in section 3. T show that stable evolutionary equilibria for
this process are frequently inefficient. The joint selection process of
scction 4, which is plausible for a world of legal centralism, is then
shown to yield efficient organizational outcomes. In section 5, I close
with some comments on the implications of these results for trans-
action cost and Marxian views of the firm.

1.2. Institutions, Rules, and Behavior

There is an intimate connection between invisible-hand explana-
tions, of which evolutionary models are one variant,’ and the new
institutional economics. Langlois offers the following definition of an
institution:

Institutions ...are orderly and more or less persistent behav-
ior patterns. At a more abstract level, they are the rules or sets
of rules that censtrain or govern organized patterns of behavior,
In either case, institutions are structures. (1986: 247).

In particular, firms are institutions whose organizational structures
are defined by the persistent behavior patterns of factor suppliers en-
gaged in production activities.

Langlois’ reference to rules that constrain or govern behavior is
amplified by Schotter:

There are basically two views of institutions. In the first, which
I shall call the rules view, social or economic institutions are
seen as sets of rules that constrain individual behavior . . . [S]ocial
institutions are planned and designed mechanisms given exogen-
ously to or imposed upon a society of agents. Institutional change
is a process of social engineering that takes place through the
manipulation of the rules.

The other view of social institutions, which I shall call the
behavioral view, [interprets] social instilutions not as sets of pre-
designed rules, but rather as unplanned and unintended regulari-
ties of social behavior ... that emerge »organically« ... Institutions
are outcomes of human action that no single individual intended
to occur. (1986: 117—118; emphasis added).

For a parallel dichotomization of the organization theory literature,
see Dow (1988a).

Given the assumed absence of intentionality, institutions in the
behavioral sense call out for invisible-hand explanations:

* Unless otherwise indicated, I use the term ‘evolutionary’ in the broad
sense of van Parijs (1981). This includes both Darwinian selection models
involving differential mortality or reproduction rates for actors of distinct
types, and also models where alternative behavioral traits of given actors
are differentially reintorced.
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An invisible-hand explanation explains a well-structured so-
cial pattern or institution. It typically replaces an easily forth-
coming and initially plausible explanation accerding to which the
explanandum phenomenon is the product of intentional design
with a rival account according to which it is brought about through
a process involving the separate actions of many individuals who
are supposed to be minding their own business unaware of and
a fortiori not intending to produce the ultimate overall outcome.
(Ullmann-Margalit, 1978: 267).

Such explanations will often treat other background institutions as
exogenously given rules of the game. For example, extant contracts
may bind certain actions taken by factor suppliers. But if these con-
tracts arc incomplete, then we might want to construct an invisible
hand model which explains how the contraciual gaps are filled in.
For this purpose, the specific provisions of prevailing contracts play
a role as background institutions of the ‘rules’ variety, alongside the
more gencral rules imposed by statutes and judicial precedents (Mas-
ten, 1986).

2. EVOLUTION, GAME THEORY, AND ORGANIZATIONAL FORM

Evolutionary biology and game theory have recently engaged in
considerable cross-fertilization (Maynard Smith, 1982; Axelrod, 1984;
Friedman and Rosenthal, 1986). This section exploits these links by
defining an organizational structure to be a vector of strategies in a
non-cooperative game played among factor suppliers. I then sketch
out a selection process by which these strategies might evolve over
time in a world of private ordering. This process is subsequently for-
malized in section 3.

2.1.  Organizational Structures as Strategy Bundles

Consider a firm consisting of one capital supplier (K) and one
labor supplier (L). Assume that these agents engage in collaborative
production activities over some significant time interval due to asset
specificity. The firm’s organizational structure will have two compo-
nents: those elements of K and L’s behavior which are contractually
pre-specified, and any residual patterns of behavior not governed by
legally binding contracts. Call these the contractual and strategic com-
poncnts of organizalional structure’ When contracts are incomplete,
the contractual lacunae will define some non-cooperative game in ex-
tensive form to be played by K and L. The strategic component of

This resembles the distinction drawn between formal and informal
structure jn organization theory (Scott, 1981). The distinction made here
is not identical, because some organizational attributes typically regarded
as aspects of formal structure, such as authority relations, may have a
strategic rather than a contractual basis (Dow, 1987b).

§
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structure will be determined by the strategics describing K and L's
behavior in this game whenever prevailing contracts are silent or
unenforceable.®

Assume that we are given a formal description of the extensive-
form game played by K and L as they fill in the gaps left by the
prevailing contractual framework. [An example is provided by the
authority game in Dow (1987b)]. We can then derive a game in normal
form, as illustrated in Figure 1.
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FIGURE [
Organizational Structures in Normal Form

Denote this normal-form game by I', where the payoffs in Figure 1
are von Neumann-Morgenstern expected utilities. Since all essential
points can be made in the context of 2X2 games, I confine attention
to games of this type. Each of the four pure strategy pairs in I' gener-
ates a distinctive pattern of behavioral interaction in the original
extensive-form game. Pure-strategy vectors of the form (g;, @;) there-
fore specify alternative organizational structures and will be called
strategy bundles.”

¢ The strategic choices of K and L in this game represeat an exercise
of residual ownership vights (Grossman and Hart, 1986), and theretore
presuppose some set of background institutions defining the property rights
of K and L.

" Production technology, market prices, extant contracts, and all rele-
vant background institutions are summarized by the elements of the payolf
matrix for I'. Strictly speaking, the analysis in the text deals omnly with
the strategic component of organizational structure, but since the terms of
existing coatracts are treated as exogenously fixed, T suppress this distine-
tion for the sake of brevity.
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Let ox € [0,1] be the probability that K plays o, and let
or € [0,1] be the probability that L plays §,. Then K and L’s payotts
from the mixed strategy pair ¢ = (ok,or) € [0, 1]? are

Ulg) = oxortty + og (I —op) up + (1 —ogg) orttsy +

+ (I —og) (I —ogp) iy (1)

Vie) = oxovy + ox (1 —ogpvp + (1 —ow) oV +
+ ] —gg) (I —qgp) vy

Definition: A Nash equilibrium for T' is a probability pair
¥ = (g, o¥) such that

Ulox® o) = Ulok o™), all ox € [0, 1];  and

Vg™, o) = Vig* o), all gp = [0, 1]

Nash equilibria may involve mixed strategies unless otherwise stated.
As is well known (Owen, 1982: 126—129), the game I' always has at
least one Nash cquilibrium in mixed strategies.

A simple example may help clarify this abstract f{ramework.
Suppose that K and L disagree from time to time over how the pro-
duction precess should be meodified in response to unforeseen environ-
mental shocks, and existing contracts are silent on the subject. On
these occasions, if K insists on a production plan unfavorable to L,
then L can adopt a strategy of striking (B,) or not striking (f3;). Simi-
larly, if L demands a response regarded as unfavorable by K, then K
can use a lock-out (g) or refrain from a lock-out (e,). Assume that if
L is willing to stmike but K will not use lock-outs, then L can decide
how contractual gaps will be filled in. Conversely, assume that if K
is prepared to lock out workers but L is unwilling to strike, then K
can modily the production process unilaterally ®

For this model, cells (o, B2 and (ap f) of Figure 1 assign de
facto managerial authorvity to capital and labor, respectively. We might
imagine that in cell (x, [,) some neutral arbitrator is called in, while
cell {a;, B;) involves open class warfare. Because the strategies in U
are chosen non-cooperatively by assumption, Pareto inefficient out-
comes are quite possible. For instance, I' could be a prisoners’ di-
lemmma, as in the ‘negotiation’ equilibrium described by Dow (1987b).

2.2. A Selection Mechanism for Organizational Forms

Now consider an evolutionary model of the strategy choices made
in the game T, with the following properties.’

' For a related model of strategic behavior, see Dow (1985).

° This evolutionary process is closely akin to Friedman and Roscnthal's
(1986) modzl of emigration from and immigration Lo various pure silrate-
gies, and at a sufficiently abstract level becomes a special case of their
approach. However, Friedman and Rosenthal are interested in alternatives
to Nash equilibrium, whereas I am exploring the organizational implicafions
of Nash equilibrium in an evolutionary context (see section 2.3).
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I.  There exist two large, internally homogeneous populations, the
class of all capitalists and the class of all workers. Capitalists and
workers are equally numerous.

2. At the start of round t € T = {0, 1, ...}, each worker is randomly
paired with some capitalist. The proportion w0f capitalists using
strategy o, in round is g (t), and the proportion of workers using
strategy @; in round t is ¢ (t). The probability that any specitic
worker and capitalist are paired against each other is independent
of the strategies used by each. Each pair of factor suppliers then
plays the game T' using their current strategies.

3. After round t, each capitalist observes the average payoffs ob-
tained in round t by capitalists using the strategies ¢, and g,. If one
strategy yields a higher average payoff than the other, the frac-
tion of capitalists using the high-payoff strategy will increase in
round t41.

4. Each worker observes the average payoffs obtained in round t by
workers using the strategies f; and §3,, and the relative frequen-
cies of worker strategies adjust in the same manner.

Steps 2—4 repeat in round t4 1.

N

Notice that ¢x and ¢y in step 2 are now the proportions of the two
classes using ¢, and (3;, rather than probabilities that given individuals
will choose these strategies. No mixing among pure strategies by indi-
vidual agentis is assumed.

This evolutionary mechanism nced not depict a Darwinian process
where the differential meortality or reproduction of fit and unfit play-
ers is responsible for changes in the relative frequency of a given
strategy. Instead, the seiection mechanism rests upon the differing pro-
pensities of factor suppliers to adopt successful and unsuccessful strat-
cgies. In the scheme of van Parijs (1981), this is an R-evolutionary
mechanism, involving differential reinforcement of strategics, rather
than an NS-evolutionary mechanism involving Darwinian selection
among the players themselves.!

The successive rounds of this process do nothing more than give
the individual members of each class an opportunity to change their
mindg, in response to feedback on the aggregate performance of other
agents like themselves. The folk theorem for repecated games (Fuden-
berg and Maskin, 1986) does not apply, because the probability of
meceting the same opponent twice is negligible. We can thus ignore
veciprocal altruism (Axelrod, 1984: 1i8—120) and reputation effects
(Kreps, 1984). Tndeed, to highlight the minimal cognitive capacities

* A Darwinian approach might be appropriate if the agents in the
model are themsclves coalitions or organizations. For example, failing cor-
porations might be eliminated by bankruptcy or merger, while ineffective
Jlabor unions might be decertified by a vote of the relevant bargaining unit.
Economic models of R-evolutionary and NS-evolutionary processes are pro-
vided by Schotter (1981) and Nelson and Winter (1982), respectively.
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demanded of the players, we could dispense with the game-theoretic
netion of  ‘stratsgies’  entively, substituting instead the evolutionary
d kY,

concept of routines” Clelson and Winter, 1982).

2.3. Why Use Evolutionary Explanations?

Section 5 will show that for the dual selection mechanism sketched
above, a given relative  frequency pair ¢ = (o¢¥, oo¥) is an evolu-
tionary equilibrium if and only if ¢* is a Nash equilibrium of the stat-
wogame U in Yigure 1. The ceniral message of the paper then reduces
to the following: in a world of private ordering, organizational forms
are pon-cooperative MNash equilibria, and since Nash equilibria need
nol be Pareto efficient, the saras holds true for organizational forms.
We thus need to forestzl! the foliowing objection: why not just use
ine concept of Nash equilibrium directly, discarding the evolutionary
trappings? Ignoring the possibility that disequilibrium dynamics may
I

e intrinsically interesting, several vesponses can be given.

1. Although many weilers believe ithat Nash equilibrium has strony
a priori claims as a solution for non-cocperative games (Binmore
and Dasgupta, 1986: 1—43}, some skepticism lingers (Mirowski,
1266), Friedman and Resenthal (1926). for example, propose a con-

ot oof populational steady states as an aiternative to Nash equi-

ibrium. It may therefore be mmere persuasive to derive the Nash
cutcome from a plausible evolutionary adjustment process than

e if as an axiom. We ave, after all, concerned with the

seleciion arguments as a basis for efficiency claims.

2. The set of dual selection equilibria is never larger than the set of
Nasti equilibrio, and is sometimes smalier when unstable equilib-
via are excluded. Stability criteria can thus be used to refine the
Plush solution. Maynard Smith's (1982) concept of an evolutiona-
vily stable sirategy (ESS) alrcady scrves as a Nash equilibrium
refinement lor cevtain normal-form games (Binmore and Dasgupta,
i986: 18—-19), and the dusl selection mechanism extends the ESS
approach.

o

rlormal-form games often have many MNash equilibria. These non-
unigueness problems are vesolved in the dual selzction model by
noting that from any given initial state, there is a unique Nash
equilibeium toward which the selection process gravitates! An
observed eguilibriuma can be distinguished from a hypothetical al-
ternative by the fact that the former is compatible with history,

while the latter is not.

4. Nash equilibrivrn provides an invisible-hand model in the limited
serse that no single player intends to bring about the equilibrium

] " This follows from the deterministic nature of the selection process
in section 3. In a stochastic process model (see Cross, 1983, for example),
only a unique provability distribution over strategy bundles, perhaps depend-
etit upon initial conditions, would be obtainable.
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strategy vector. Nonetheless, the nature of the game being played
is transparent to cach player. By eliminating redundant rationa-
lity, evolutionary models provide ‘true’ invisible-hand explanations,
where individual actors need not have any understanding of the
forces acting to stabilize existing institutions. In Marxian language,
these institutions will be opaque to the very actors whose behav-
ior continually reproduces them. It invisible-hand explanations
arc deemed to be desirable in the social sciences (Ulhmean-Marga-
lit, 1978; Elster, 1933), then the evolutionary approach will have
some methodological appeal.

3. PRIVATE ORDERING AND DUAL SELECTION

This section formalizes the selection process outlined in section
22 Tn a world of private ordering, where binding contracts do not
oxist, factor suppliers can be expected to look to the past experience
of similar agents when choosing a strategy for the current round ol
production activities. Selection forces will therefore operate separately
on cach element of the strategy bundle, rather than upon strategy
bundles os units. Stable evolutionary cquilibria for this process will
often be Pareto inecfficient, for the same reasons that a Nash cquitib-
vivm in the original static game T may be incffictent.

3.1, Profit-Responsive Dual Selection Mechanisnis

If the stochastic featurcs of the underlying extensive form game
are independent across firms in each round of the selection process,
then an appeal to large numbers allows us to replace the expected
nayolfs in Figure | with realized averages across the capitalist and
worker populations.? Capitalists who use the strategy o in round f
will obtain the average payoff

i Lo (1] = gp(Duy; + L1 — g ()]t (2a)
and capitalists using «, will obtain the average payol!
le (1)) = oty + T —ar(t) iy (2b)

In order to avoid lengthy pavoff expressions, T shall adopt the follow-
ing notation:

A
Iy = Uy — Uy (3)

1 We might also consider a single (K, L) pair who play the same game
[ many times. If the rounds ave treated as independent of one another,
then the law of large numbers will come inte play for strategy revisions
that reflect average performance over a large nuinber of past trials (Cramwv-
tord, 1985). Repeated game phenomena become more troublesome i this
case because there is no random remixing of players.




145 GRLGORY K. DOW
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The average realized profit obtained by the capitalists using strategy
«, it round t can then be defined by

i Lof] = a Lon(0)] — i [oy(t)] (4)
= o ()i + [ —g ()] iy

The capitalist selection mechanism will be written as

or (L+ 1) —ax(t) = ¢ {nxla(t)], ol1)}, all teT (5)

The inclusion of g(1) as an argument of fx reflects the fact that g« is
restricted to the interval [0, 1] regardless of the valuc taken on by
= 1 shall say that f is profit-responsive it

[x (T, ) > 0 whenever nx > 0 and gy < /;
[k (7x, o) < 0 whenever rg < 0 and g, > 0;
fx (mg, o) = 0 otherwisc. (6)

A mechanism of this type increases the relative frequency of the capi-
talist strategy having the higher average payoff in the preceding pe-
riod, whenever this is feasible.

We define the worker selection mechanism similarly:

ri Lan(] = 6o (1) v, + [1— gy (] (1)
or (041 o () = [ {mlox(t)], (1)}, all 1T, (8)
[olmi, @) >0 whenever ;> 0 and ¢ < [;
fi (=, o) <0 whenever =; < 0 and ¢ > 0;

[i{m, o) =20 otherwise. (9)
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For stability analysis, it is more convenient to work with a contin-
uous time version of (5) and (8). Setting the time interval between
rounds equal to At and taking limits, we obtain

ox (1) = fx {mxlo(D)), o ()}, all t = 0, ok (0) = oros  (102)
e (0 = {mlox(t] o(0}  alltz0; o1 (0) = o0/

or more compactly,
g (1) =Fla(1)], all ¢ = 0; g(0) =g, (10b)

where ¢, (0) = ¢, = (0ge, o10) 18 the initial state of the system. We
may think of the underlying extensive form game desceribed in section
2 as being played in ‘game time’, which is of negligible duration rcia-
tive to the ‘selection time’ to which (10) refers. The set of stationary
points for (10) is

Ew={gel0 117:F(c)=0) (11)

It ¢ = B, then 1 shall call ¢ an evolutionary cequilibritomn.

1 vefer to this as a dual selection process because gy and ¢ are
modified according to separate selection criteria; there is no selection
process uperating on strategy bundles per se. This is appropriatc when
strategics are chosen non-cocperatively. Casual attempts to transter
selection models from evolutionary biology to cconomics prove mislead-
ing in the absence of binding contlracts, because Darwinian fitness
provides u scalar selectjon criterion, rather than a veetor-valued cuitei-
ion as in (10).

We note certain important propertices ol the system in (10):

(1) The state space [0, 117 is compuct and convex. If the functions
£ and f, are continuously difierentiable, then for any initial con-
dition ¢(0) = ¢, there exists a unique solution ¢ (i, o) which sat-
isfies (10), and this solution is continuous in t and ¢, (Brauer and
Nobhel, 1969, Ch. 3).

(i) A relative frequency pair ¢ satisflics o= B2 if and onlv if g is a
Nash equilibrium of the original static game 1.

Recall that in the dual selection model, no individual player random-
izes among strategies. Hence, in every round at most four distinct or-
ganizational structures exist, corresponding io the four cells of TFigure
1. The relative frequency ol cach ol these pure-strategy bundles in
round t is uniquely determined by ().

3.2. Integrable Games

Section 3.3. will show that for a large class of 2X2 games, stability
criteria provide a refinement of Nash equilibrium (for technical
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reierences on stability issues, see Braver and Nohel, 1969, Ch. 5; Hirsch
and Smale, 1974). It is first necessary, however, to identify a Liapunov
funcilon W: [0, 1]?— R, mapping relative frequency pairs ¢ into the
recl nuwmbers, whose time derivative is positive whenever the process
(10) is out of equitibrium. Formally, we require

| W] N La(1)]
Wilg()] = ————— gy (1) 4 v (1) ==
do g,
W [a(l)]
2 fi {mxlo(t)), o (1)} +
doy
AW [=(t)]
P il fo {melos(), o (0} >0, (12)
aO‘L

whencever g{t) € E;

W [g{t)] == 0, whenever ¢(t) € E.

Using the profit-responsiveness assumptions (6) and (9), it is easy
to see that W (g) satisfies this requirement if

AW (g) aW (o)
= wx (a1}, and — e = Ty () (13)
dog dor,

Tn this case, 1f g (1) = 0, then the first term of (12) must be positive,
and if ¢ (1) = 0, then the second term of (12) must be positive. The
time derivative W [g(t)] is thus strictly positive whenever the system
is out ol equilibrium, as required.

A function W (g) satisfying (13) cxists if and only if

W () dJ d PW (g)

- Tk (O'L) T cememe————— T !'o—h,) e (]4)
doda, do, dey g do Lok

Using the definitions of g and gy from (4) and (7), the middle equality
implies

Ly b Usy = U= Uy = V- Vay == V= V7 (15)

A A
or in the more compact notation of (3), u = v. There is no reason why
A A
an arbitrarily chosen 2x 2 game [ should satisty (15). Whenever u-v>0,
A A
however. there exists a scalar > 0 such that u = yv. We can there-
fore replace L's expected utility function V (¢) in section 2.1. by the

rescaled Function v (7) = p V (g), so that (15) holds when V (g) is used.
The preferences ol player L are not altered by this transformation.
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: I A A S
Definition: The 2%x2 game T 18 integrable if w-v>0, or it u=v =1
1 assume throughout the remainder of this section that T is integrabie,
and that L’s utility function has already been rescaled if necessary.’
Whenever T is iniegrable, a Liapunov function with the desired property
(13) is:

A A A

Wg) = oxot + ot -+ a1V (16)

The integrability condition has the following Intuitive interpretas
tion. Supposc that an impariial referee offers each player a choice
between two lotteries:

(A)  With equal probabilities, one ol the two diagonal cells in the
payoff matrix for [ will be chosen; or

(B)  With equal probabilities, one of the two off-diagonal cells will
be chosen.

The preference orderings of players K and L will rank lotierics (A)
and (B) in the same way if and only if I' is integrable. This suggests
that intcgrable games require some minimal commonality of interests
between K and L. Indecd, while integrability holds for prisoners’ di-
lemma games and games ol coordination (see Appendix B), it does not
hold for zero-sum games, or games of 'partiality’ (Ullmann-Margalit,
1977).

3.3. Stable Equilibria for the Dual Selection Mechanism

Assume that I' is integrable, and let W be defined by (16). Then
consider any evolutionary equilibrium ¢* & E. The [following results
arc stated without proof (see Appendix A for formal definitions of the
stability concepts).

(a) ¢* € E if and only if ¢* satisfies the Kuhn-Tucker (KT) necessary
conditions for a local maximum of W (g).

(b) o* € E is asymptoticallv stable if and only if ¢* is a strict local
maximum of W.

(¢) ¢* e E is stable if and only if ¢* is a local maxinian of W.

(d) ¢* e E is unstable if and only if ¢* is 1ot a local maximum of W.

The maximizing character of a stable equilibrium is evident from
the fact that W [g(t)] is strictly increasing out of equilibrium; tor

2 The method used in the text can be extended to all 2x2 games along

A A
the following lines. If u - v < 0, define W(s) so that ils partial derivatives
with respect to ox and ov are we(ou) and —m.(ox) respectively, rescaling one
of the utility functioas if necessary. Nash equilibria will still correspond
to evolutionary equilibria, but stable equilibria will now be characterized
by saddle points of W rather than maxima as in the text. The details of
this generalization are unimportant for present purposes and are omitted.
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methods ol lormal proof, see Dow (1986b). We observe that a stable
cvotutionary cquilibrium  exists for every integrable game, since W
inust reach a maximum at some % < [0, 1]~

While cacih Nash equilibrnium of 1" corresponds to a szlection cquit-
jibrivum, the set of stable evolutionary cquilibria may be smaller than
Jie set of Nash equilibria for the static game U. Each Nash cquilib-
rium poeint satisties the KT conditions for a iocal maximum of W,
but the KT conditions are only necessary, not sufficient, for a maxi-
mum. Any Nash equilibrium rof associated with a local maximum of
W is cvolutionavily unstable. An cxample is given in Appendix B of
an unstable Nash equilibrium which corresponds to a saddle point
of W rather than a local maximum."* It can be shown that if the num-
ber of Nash cquilibria for T' is finite, then each corresponds to a se-
Jcetion equilibrium which is either asymptotically stable (if a local
maximum of W) or unstable (otherwise).

The cxamples in Appendix B show that cvolutionarily stable equi-
tibria are often Pareto inefficient Nash equilibria in the original static
game [ If T has a unique Nash equilibrium, for instance, this point
will be the unique evolutionary equilibrium rcgardless of its efficiency
properties: the prisoners’ dilemma provides a stark illustration. Appen-
cdix B also shows that the game I' may have both efficient and inetii-
cient stable equilibria, rendering the efficiency of the evolutionary out-
come dependent upon history. Selection forces provide no automatic
escape from problems of contractual incompleteness, and a world of
private ordering may well be littered with evolutionary market failures.

4. LEGAL CENTRALISM AND JOINT SELECTION

We now assume, contrary to the assumption of section 3, that
capitalists and workers can sign binding contracts which will govern
their strategy choices in the game I'. In this world of legal centralism,
the selection process will operate at the level of strategy bundles or
contracts, rather than upon the individual elements (strategics) of
these bundles. I call this a process of joint selection, and show below
that such a process yields Pareto efficient cvolutionary equilibria.

4.1. Profit-Responsive Joint Selection Mechanisms

Call the pure-strategy bundle (¢;, 3;) a contract of type (ij), where
i, j = 1, 2. Define the weighted average pavoff of contract type (ij) by

o = Ny + (1 — W) v, with 0 <)\ < 1. (17)

" It can be shown that no integrable game has a slable mixed-strategy
equilibrium; Crawford (1985) reached a similar conclusion in a related
dynamic model. Since every integrable game has an evolutionarily stable
equilibrium, it follows that every such game has a stable pure-strategy
equilibrium. This result also implies that two distinct organizational struc-
tures cannot co-exist in a stable dual selection cquilibrium.
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T interpret ) as a fixed parameter, independent of contract type,
describing the relative bargaining power ol the two classes.  The
selection process operates as follows.

1. As belore, capitalists and workers are drawn from large, inter-
nally homogeneous populations.

2. At the start of round te T={0,1,...}, each worker is randomly
paired with some capitalist, and cach (K, L) pair ncgotiates a con-
tract to govern production activities in round t. The proportion
of (K, L) pairs adopting contract type (ij) in round t is §; (1), where
i, j = 1, 2. Each pair then plays the gamc I' using the purc-strategy
bundle (e;, ;) specified by its contract.

3. After round t, all capitalists and workers observe the average
payoffs u;; and v;; obtained by the members of each class from
participation in the four contract types. (This is a more stringent
informational requircment than in section 3, where plavers of
type K only observed the average payoffs of the strategies ¢, and
os, and players of type L observed the average pavoffs of the
strategies f3; and §,.).

4. The frequency 0 ol contract type (ij) expands in round 141 rela-
tive to the alternative contract (K1) if g;; > gy, and declines relative
to (k1) 1f i < pp-

5. Steps 2—4 rvepeal in round t+4 1.

At step 3, we again cxploit the large numbers assumption in order
to cquate the expected payoffs in Figure 1 with ex post averages. The
parameter ) used to compute the p; in step 4 weights the payolis ol
the two classes in evaluating past contracts, and can be regarded as
a measure of relative bargaining strength in the negotiations leading
up to contract choices in each round.

We now [ormalize this selection process. Let the state of the
systemn be given by

0 (1) = [0, (1), 8.(2). 8y (1), 02(1)] & 10, 1}V

where §(t) is the vector of relative frequencies for the four contract
types. The joint selection mechanism is defined by

9{,‘ (Z_E_]) e 01’{ (’) = g [pij; D(I}]; l'_, }' = -[! Zr. (]8)

2 2
glpy 0(1)] =0
il j=t

By contrast with the variables myx and g, in section 3, which were
functions of ¢, lixed parameters p; do not depend upon the state
variable §. I shall ignore contract-specific aspects of the selection pro-
cess other than p;; for notational simplicity.
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Now define the maximizing set of contract types:

O={(ij) i, j e {12}, o = (o) } (19)

This is the set ol optimal contracts according to criterton (17). We now
define profit-responsiveness [or mechanism (13):

glew 0001 > glew 801 (20)
whenever py> gy and 2o 0, (1) < 1)
(if) = Q)
2 lpy B8(01 =0,
all (ij), whenever 8 (0) =1

(ij) € Q
The first property states that if some suboptimal contract is in use,
inferior contracts will be displaced over time by contracts with higher
weighted average payoffs. The second property states that when all
contracts in use belong to the maximizing set ), no further changes

in relative frequencics will occur.
Moving to continuous time, we obtain the system

0, (1) =glpy 0(0)], alltz=0;  0,;(0) =8, (21a)
1, j =1, 2;
or more compactly,
0(1) = GLo(], all ¢t = 0; 0(0) =8, (21b)
The set of joint-selection equilibria will be denoted by

/f={9el0, 1) : G@) = 0}. (22)

4.2, Contractual Evolution with Joint Selection

To allow for the feasibility of correlated strategies in a regime
of legal centralism, we use a straightforward cxtension of the expected
utility functions defined in (1):

3
[N

(9} = .”_. Ly ouy

=1 23)
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Now define a Liapunov function for the joint selection process by

Z@) =2U® + (I—NV(0) (24)
2
= L I 0oy
i=1{ i=I

The profit-responsivencss assumptions in (20) imply

2 2 9Z [0(t)]
VA [e(f)] = Y. PN B,-,- (t) (25)
i=1 j=1 86“,
2 2
= P ):1 pi; £lpy 8(D1>0,
i=] 1=
whenever § (t) € J; and
Z[o()] =0, whenever 9 (1)  J.

We note that §* & J if and only if §* maximizes Z. This implies that
(in contrast to the dual selection model in section 3) every evolution-
ary equilibrium of the joint selection process is stable, because every
such point maximizes the Liapunov function Z. Some stable evolution-
ary equilibrium must exist, because Z (§) must reach a maximum
somewhere on the set [0, 1]%

4.3. Joint Selection and Pareto Efficiency

Jointly randomized strategies of the form 6 < [0, 1]* yield a set ¢
of feasible payoff vectors (u, v) for the game I in Figure 1 which is
the convex hull of the pure-strategy payoffs.

@ ={(u, v) & R?:for some § [0 179, (24)
2 2
U = P 0145 and
i=1 j=1

2
2 0ivi; }

i=1

<
Il
e

...
I
—

The Pareto efficient subset ¢* of ¢ is the set of undominated payotf
vectors in ¢.

o ={(n, v} € ¢ :if (', v') = (u, v) 27)
and (v, v') = (u, v), then (', v') & o}

Figure 2 illustrates these concepts.
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FIGURE 2
Joint Selection and Efficient Contracts

Points A, B, C, and D represent arbitrarily chosen values for the four
pure-strategy payoff vectors from Figure 1. The Pareto frontier ¢* is
the set of points in (u, v) space lying on the extreme northeasterly
boundary of ¢—that is, the union of the line segments AB and BC.
More generally, ¢* could consist of one, two or three such segments.

The vector §* [0, 1]* is a joint-selection equilibrium if and only
if it achieves a maximum of the Liapunov function Z(§). When
A € (0, 1), so that each player’s payolf has strictly positive weight in
the evaluation of alternative contracts, then a maximum of Z can occur.
only on the Pareto frontier; that is, §* « J only if [U(®*), V{®")] .
This is illustrated in Figure 2, where the parallel lines indicate level
sets of the expression hu + (1 —A) v, and point B is the unique equi-
librinm point.

The relative bargaining power of the two classes in the contract
negotiation process will determine which of the various points on the
Pareto frontier is actually reached.S The common slope of the level

“ A point maximizing the linear expression Z is not to be confused with
the Nash bargaining solution for cooperative games (for discussions of the
latter, see Dow, 1985; 1988b; Binmore and Dasgupta, 1937). The joint selec-
tion model has no counterpart to the threat point concept used in the
Nash bargaining solution. I simply assume that each capitalist and worker
pair will somehow agree to adopt one of the four contract types in cach
round, and model the aggregate resuwlt of thesc choices at the populational
level by (18) or 1.
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sets in Figure 2 is —\A/(1—)) € (—, 0). Any point on the Pareto fron-
tier ¢* can be a maximum of }u + (1—)) v, and thus a stable joint
selection equilibrium, for some value of the parameter A. Only pure-
strategy payoff vectors on the frontier can be sustained as asymptoti-
cally stable equilibria, since only at these points is it possible for the
maximization of Ju + (1—\) v to be strict.

A point in the intenior of a line segment on the Pareto frontier,
implying the co-existence of two distinct contract types, is sustainable
as an evolutionary equilibrium only at a unique value of ), (that value
which equates —)\/(1—)) with the slope of the segment). Each pure-
straiegy payoff vector on the Pareto frontier is associated with the
universal adoption of some corresponding contract type and is sustain-
able as an equilibrium for a range of A values. Thus, only pure-strate-
gy payoff vectors will persist as stable equilibria for small perturba-
tions in .

5. MARX REVISITS DARWIN: THE FIRM AS A MARKET FAILURE

A century ago, Menger posed what he regarded as the central
question for the social sciences:

How can it be that institutions which serve the common wel-
fare and are extremely significant for its development come into
being without a common will directed toward establishing them?
(1985: 146, emphasis deleted)

In Menger's view, a satisfactory answer to this question must involve
an invisible-hand explanation of the type described in section 1.2. It is
intriguing that non-conspiratorial Marxian theories encounter a par-
allel intellectual problem. To see this, we can »stand Menger on his
head« by reversing the value premiscs of the preceding quote:

How can it be that institutions which are injurious to the
common welfarc persist in the face of opposition, despite the ab-
sence of a class-wide will directed toward maintaining them?

Once the socially benelicent overtones of Adam Smith’s metaphor are
discarded, Marxian theorists may find that evolutionary invisible-hand
models can provide satisfying answers to questions of this latter sort.
Indeed, one could argue that theories of class conflict must supply
an invisiblc-hand explanation of existing institutions, since the struggile
between contending classes excludes any explanation where these insti-
tutions are the intended result of some cooperative social contract.

Few orthodox economists have been willing to accept the Marxian
contention that capitalist firms necessarily adopt inefficient organiza-
tional forms (Edwards, 1979; Marglin, 1982; Bowles, 1985). Mainstream
skepticism derives in large part from faith in the efficacy of market
selection processes: how could inefficient organizations survive in com-
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petition with efficient ones? There is irony in this, because Marx oi-
ferred to dedicate volume 2 of Das Kapital to Charles Darwin (Gould,
1977: 26—27).

Dual selection mechanisms provide Marxian theory with an invis-
ible-hand explanation of organizational form which does not compel
assent to mainstream efficiency claims. This view of the market selec-
tion process is also congenial to the Marxian perspective in other ways.
As noted in section 2.3, there is mo need to assume that social institu-
tions are transparent to their participants. One could thus view work-
ers and capitalists as engaging in trial-and-error experimentation
wiihh new strategies, and retaining those strategies that are found to
advance their respective class interests. Indeed, an analysis of the
forces acting to stabilize prevailing institutions may itself suggest
novel sirategies for the transformation of these institutions.

The selection models sketched here also shed new light on the
refation between transaction cost economics and the Marxian frame-
work.”” The joint selection model partially vindicates the efficiency
premise of TCE, but only to the extent that factor suppliers can contract
on all significant decisions to be made during the production process.
If the players cannot easily negotiate enforceable contracts prior to
each round, then we arc back to a world of private ordering and dual
selection.

Dual selection constitutes a form of market failure, where neither
facior supplier fully appropriates the social costs and benefits of a
given governance structure (Dow, 1987a). In a world of incomplete
contracts, evolutionarily stable governance structures will reflect the
failure of each agent to internalize all relevant consequences of his
or her organizational behavior. Of course, somectimes a Pareto etfi-
cient sirategy bundle will happen fortuitously to be a Nash equilibrium
of the underlying non-cooperative game played among factor suppliers,
but this cannot be cxpected in general (Dow, 1987b). To put the point
a bit more colorfully: existing economic institutions need not solve
some prisoners’ dilemma (Ullmann-Margalit, 1977; Schotter, 1981); they
may simply be prisoners’ dilemmas from which the prisoners have
failed to escape. The distinction matters, because the second view
implies much more scope for deliberate policy interventions aimed
at aitering background institutions or contracting possibilities in ways
which make escape possible.

Real production processes involve both contractual and strategic
elements. One might say that for TCE the contractual glass is half

¥ The converse of the mainstream tendency to impute efficiency to
existing forms is a tendency to impute inefficiency to proposed alternatives.
For instance, various writers (Nozick, 1974, Ch. 8; Jensen and Meckling,
1979; Williamson, 1985: 322-—324) have inferred the inefficiency of the la-
boramanaged firm from its failure to emerge and remain viable in compe-
tition with capitalist rivals, Proponents of labor management have struggled
to rebut this inference (Putterman, 1984; Dow, 1986a; 1987a), but implicit
appeals to processes of joint selection are undeniably persuasive to most
economists,

" For further explorations into the relationship belween the traasaction
cost and Marxian approaches, see Goldberg (1980) and Dow (1987a).
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full, while for Marxian economists it is half empty. TCE ac;kn-owledges
opportunistic behavior, but nonetheless 1110_dels organizational forms
as contractual agreements. Marxians recognize the relevance of legal
institutions, but interpret the firm as pre-eminently an arena for stlza-
tegic behavior and class conflict. The contracting perspective of TCE
is hospitable to the efficiency implications of joint sellecuon, while
the conflict perspective of Marxian economics is hospitable to the
probable inefficiency of dual selection.

As I have stressed repeatedly, the relative importance of the joint
and dual selection mechanisms depends, among other things, on the
availability of background institutions which facilitate contracting.
It is therefore tempting to seek an evolutionary synthesis: the provi-
sions of formal contracts are jointly selected, while contractual gaps
are filled in by non-cooperative processes of dual selection. The value
of this formulation is unclear, but some misunderstandings may at
least be averted by recognizing that transaction cost and Marxian econ-
omists implicitly operate with different selection models, motivated
by divergent assumptions about the contractual framework of capi-
talist production.

APPENDIX A
STABILITY CONCEPTS

Stabikity. The equilibrium point ¢* is stable if for every number ¢ > U,
there is a § > 0 such that when |g,—¢*| < 8§, the solution ¢ (t, .)
exists for all t =0, and |d (t, ¢,) — ™| <e for all t=0.
Asympiotic Stability. The equilibrium point ¢* is asymptotically stable
if it is stable, and if there exists a number §, > 0 such that whenever
[, — ¢*] < &,, then lim | (t, g.) — ™| = 0.

t—r oo
Instability. The equilibrium point ¢* is unstable if it is not stable.

APPENDIX B
EXAMPLES OF DUAL-SELECTION EQUILIBRIA

Figures 3, 4, and 5 provide examples of integrable games. The evo-
lutionary equilibria of cach game correspond to static Nash equilibria,
as explained in section 3.3. Nash equilibria need not be Pareto efli-
cient; the same is true of stable evolutionary equilibria, as is demon-
strated by the examples in Figures 3 and 4. A game can have both
efficient and inefficient stable equilibria, as shown in Figure 5. The
same example illustrates an interesting general result: for all inte-
grable 2x2 games, mixed-strategy equilibria must be evolutionarily
unstable.

Figure 3: The Symmeltric Prisoners’ Dilemma

Symmetric games are always integrable, For the specific game

A HY A A
shown in Figure 3a, we have u=v =0, uy, = v, = —1. Hence, W (g) =
= —(gx + oo). This function achieves a strict global maximum at
o* = (0, 0), which is the standard (Pareto inefficient) prisoners’ dilem-
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ma outcome. This evolutionary equilibrium is unique and asymptoti-
cally stable, as indicated by the phase diagram in Figure 3b, which
shows the direction of movement for gx and ¢, when the system is out

L
51 B'rl
2 3
a
1 2 0
K
0 1
a5 \
3 1
FIGURE 3a
The Symmetric Prisoners’ Dilemma
1 (01181) (01,82)
%
E
; o TLP

o

FIGURE 3b
Phase Diagram for the Symmetric Prisoners’ Dilemma
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of equilibrium. The axes of the phase diagram are defined so that
the corners of Figure 3b correspond to the pure-strategy c;ells in Figure
3a. The equilibrium point (e, B2 is indicated by E in Figure 3b.

Figure 4: The Asynumnetric Prisoners’ Dilemma

Example 4a is given primarily to emphasize that symmetry is not
cssential for integrability. In this game, L has the same incentive to
defect from the cooperative outcome (q,;, 3,) as in Figure 3a, but K will
not defect. Nonetheless, the unique Nash equilibrium is still the inefti-
cient outcome (e, B2)-

A A A A
For this game, u = v = 2, U, = —I, and v, = —3, so that W(g) ==
= 2gn0L — ox — 301 As in Figure 3, this function achieves a strict glo-
bal maximum at ¢* = (0, 0). Notice that

JW (g)
=qx (o) = 20, — 120, for g, Z1/2
Iy

This change in the gradient of W (g) is indicated by the vertical line
al g = 1/2 in the phase diagram Figure 4b. Since gL <0 for all gy,
no point on this vertical line can be an evolutionary equilibrium. The

outcome (uy. By, indicated by point E, is asymptotically stable as
before. '

Figure 5. A Coordination Game

It is evident from Figure 5a that (e, {3) and (ap B, are boih
pure-strategy Nash equilibria. The former is Pareto efficient while the
latter is not. There is also a mixed-strategy Nash equilibrium ¢ = (1/6,
1/6), whose payoff vector (5 /6, 5/6) is Pareto dominated by both pure-

A A

strategy equilibria. For this game, u=v =06 and w,=v,=—1, so
that W (¢) = 6ggo, — ox — o Both pure-strategy equilibria are strict
Jlocal maxima of W and are therefore (locally) asymptotically stable.

We have

aW (o)
=g (o) = b0y —1Z 0 for ¢, = 1/6;
gk
aW (o)
— =y (ox) = 6o —1 %0 for ox Z 7/6.
9o,

This sign change in the gradient of W is indicated in Figure 5b by
the horizontal and vertical lines at ogx = 1/6 and ¢ = 1/6, respec-
tively. The intersection of thesc lines vyields the mixed equilibrium
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FIGURE 5a

The Coordination Game
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(1/6, 1/6). This equilibrium is evolutionarily unstable, as indicated by
the arrows of the phase diagram. This instability veflects the fact that
the equilibvivm ((1/6, 1/6) is a saddle-point of W rather than a local
maximum. indeed, anv mixed-strategy cquilibrium of an integrable
game must be unstable for this reason. (It is also possible to construct
examples of evolutionarily unstable pure-strategy equilibria.) The speci-
fic stable equilibrivm  toward which the system gravitates depends
upon the initial relative frequency pair g,; that is, upon the history ot
the system.

Received: 16.05. 1988.
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