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Debunking the theory of the firm—a chronology
Steve Keenand Russell Standish

1. A personal introduction by Steve Keen

When | wroteDebunking Economicseven years ago, my intention was simply to
produce an accessible collation of the extantctsitis of neoclassical economics for a
non-technical audience. Apart from my own critiqpiéarxian economics (Keen 1993a,
1993b), | had no intention of putting anything “riemto the book.

| was therefore somewhat surprised when, as | gettm document the standard
criticisms of the neoclassical theory of the firhgpotted something that | thoughvas
new. It appeared that the “horizontal demand curaa”’essential aspect of the model of
perfect competition, was logically incompatible kvianother essential aspect of the
model, the downward-sloping market demand curveeiVithis logical incompatibility
was acknowledged, the demand curve for the indalifium in Marshallian competition
had the same slope as the market demand curvesaadesult, a “competitive” industry
of atomistic profit-maximizers produced the sam&atas a comparable monopoly.

| outlined this argument verbally in Chapter 4, gde chapter a suitably provocative
title (“Size Does Matter”), went on with the remd@r of the book, and delayed exploring
the issue in mathematical detail until after thekbwas finished.

Once Debunking Economicwas published, | had no choice but to do so. Toekb
was well received by its target audience, but @&xpected, neoclassical economists
ignored it—except for that one chapter. They wefesourse, convinced that | had made
serious logical errors, and endeavored to tell roe-ie email conversations, on
discussion lists, during seminars, in a smatteoheviews, and in referee reports from
neoclassical journal§fie Economic JournaAERandJournal of Economic Educatign

As | addressed each objection, new ones were naadeas a result the critique went
from something quite simple to something quite etate. This paper follows that
developmental chronology, from the original insighthich, | discovered, was not
new—through original arguments, to a method (derivweth the assistance of Russell
Standish) that enables Marshallian and Cournot theorieafpetition to be integrated.
The critiques, in increasing order of analytic céewgy, are:

* The demand curve for the individual competitivenfican’t be horizontal under the
Marshallian assumption of atomism;

* A competitive firm increases profit if it reducesitput below where price equals
marginal cost;

* Equating marginal cost and marginal revenue isrdfipmaximizing behavior in a
multi-firm industry;
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* Given comparable cost functions, the profit-maximiz output level for the
individual firm results in a market level outputithis independent of the number of
firms;

* A simulated market of instrumentally rational ptefiaximizing firms converges to
the “Keen” level of output, rather than the neosieal prediction;

» Price-taking behavior is irrational, and a degré@rationality is needed to cause a
competitive industry to converge to the output leatewhich price equals marginal
cost;

* In contrast to Marshallian theory, Cournot-Nash gatheory provides a sound
justification for competition leading to higher put and lower prices, but only in a
single-shot “Prisoners’ Dilemma” situation. Howeven the second original
contribution to this literature, we have shown that

* A general formula can be derived to show the progiximizing level of output
for the individual firm, given a level of strategiteraction between firms; and

» The optimal level of strategic interaction betwdiems is zero. Thus it is feasible
that non-colluding firms could learn not to stratadly interact, and thus increase
profits.

» The Cournot Equilibrium, though a Nash Equilibriu locally unstable; the Keen
Equilibrium, though not a Nash Equilibrium, is |tigastable; and

* Finally, all of the above takes for granted thatkats are in fact characterized by
price-driven demand, homogenous products, and dihiimg marginal productivity
in a context of certainty. There is overwhelmingpaioal evidence that real markets
are characterized by diversity-driven demand, logemeous products, and constant
or rising marginal productivity in a context of w@mainty. Neoclassical theory is
therefore not only wrong but also irrelevant. Tloatued teaching of Marshallian
fantasies—and most research into “Industrial Omgion” —are hindrances to the
task of developing a theory of competition that hag relevance to what we witness
in the real world.

2. Stigler 1957

The proposition that Keen had thought originaDiebunking Economiesthat, under
conditions of “atomism”, the slope of the demandveuacing the individual competitive
firm was the same as the slope of the market demmanc—had in fact been made in
1957 by that arch defender of neoclassicism, GeStgger, and in a leading neoclassical
journal:The Journal of Political Econon(tigler 1957—see Figure 1).
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THE JOURNAL OF

POLITICAL ECONOMY

Valume LAV FEBRUARY 1957 Nunber 2

PERFECT COMFETITION, HISTORICALLY CONTEMFLATED
CGEJRAOK J. FAGLER

3 Let one seller dispose of g¢:, the other sellers
each disposing of ¢g. Then the sel]ler’s marginal

revenue is
d(pgs) i_ﬂ aQ
"dQ dg.’

d qq
where ( is total sales, and dQ /dg; = 1. Letting
Q = nq: = ng, and writing E for

i 4
apQ’

we obtain the expression in the text,

=¢+yq

Figure 1: Stigler 1957

Stigler’s simple application of the chain rule skathat the underlying assumption of
the Marshallian model—atomism, that firms in a cefitjve industry do not react
strategically to the hypothetical actions of otiems—is incompatible with each firm

facing a horizontal demand curve. In anfirm industry where the output of tH" firm

is di, this assumption, means thaf%zo Oi#j. As a result,g—Qzl, and hence
‘ q
dP _ dP.

dq dQ
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dP _ dP dQ

_dp ﬂJ,Zn:ﬂJ (1.1)

It is thus impossible for the market demand fum:ti@(Q) (where Q=Zn)q ) to
i=1

have the dual properties tha&' (Q) <0 and P'(q)=0—and Stigler had shown this in

1957! Yet the claim that the market demand curvenagatively sloped, while the
individual perfectly competitive firm faces a han#al demand curve, has graced the
opening chapters of every economics textbook pldtisn the last half century.

3. Mendacity in education—another personal observat  ion

One of my motivations for writinddebunking Economicsvas my belief that an
education in economics was mendacious. | had i ntia failure to note the Cambridge
Controversy arguments when discussing the condegt aggregate production function
(see Chapter 6 of Debunking Economics), or thedaraie of the Sonnenschein-Mantel-
Debreu conditions when deriving a market demandrecdrom the aggregation of
individual ones (Chapter 2).

When | discussed these issues with any of the mynof neoclassical economists
who were themselves aware of those critiques, We® emaller minority who did not
dismiss them outright would raise the pedagogienst of difficulty. These topics are
complex, and require an advanced knowledge, noty arfl economics, but of
mathematics. Better to give new students a sinmafeduction—well behaved aggregate
production functions, nice downward sloping marbletmnand curves, and so on—and
cover the nuances when they have more knowledge.

No such defense applies here: the only mathematrawledge needed to
comprehend that Marshallian atomism is incompatioiln a horizontal demand curve
for the firm is elementary calculus.

The responses | have received on this point frootlassical economists to date have
been disingenuous. At best, they have referredtigleBs attempt to recast perfect
competition as the limiting case as the number iohd in an industry increases
(discussed in the next sectidnit worst, they have claimed that the laws of mathgcs
do not apply to economics.
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The latter claim is of course nonsense for an aagrdo economics which, from its
founding father to today’s leading exponents, @dltself over its rivals becausewts
mathematical:

those economists who do not know any mathematicsan. never prevent
the theory of the determination of prices undere freompetition from
becoming a mathematical theory. Hence, they willagks have to face the
alternative either of steering clear of this diop ... or of tackling the
problems of pure economics without the necessanpetent, thus producing
not only very bad pure economics but also very tedhematics. (Walras
1900 [1954]: 47)

This raises the question of why neoclassical ecdastsndefend commencing an
education in economics with such bad mathematicee¥pect it is because the fantasy
of perfect competition is essential to fulfillingne vision of rational self-interested
behavior being compatible with welfare maximizatitihone admits that the individual
firm faces a downward-sloping demand curve, thendlmination of deadweight loss
that is the hallmark of perfect competition camispibly be compatible with individual
profit-maximization.

This is easily illustrated using another standamth@mmatical technique, the Taylor
series expansioh.

4. Perfect competitors aren’t profit maximizers

Consider a competitive industry where all firms gmoducing at the “perfect
competition” level where price equals marginal ctisgeneral, profit for thé™ firm is:

7(q)=P(QH-Tq q) (1.2)

What happens to th& firm’s profits if it changes its output by a smalhountdq, ?
Under the Marshallian condition of atomism, indystutput also changes by the same
amount. The change in proi7(Jq ) is thus

m(q+oq)-m(q)=(P(Q+roml a+dg- T¢, a3, 9)-( P & & TE P(I.3)

This can be approximated by applying the first offi@ylor series expansion, and by
making the substitution that, at this output levekice equals marginal cost:

P(Q)=TC( q). The symbolic mathematics engine in Mathcad mé&stswork of this
approximatiorr

expand

Q+ &q;)ig; + &) — TC{ g + &) | - (A(QME; - TCl g ! i - ;&g{==MQ
A(Q-+ o) fo; + ;) - TC{qy + &) - claj) |t %5
substitute,g—TC(qi) =P(Q
G

Figure 2: Mathcad’'s symbolic solution for change ina firm’s profit from perfect competition
output level
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Therefore o77(dq ) = q [dq E—Idd—Q P. Since diQP<O, if dq <0—if, in words, the

firm reduces its output—its profit will rise. Thdise output level at which price equals
marginal cost is not a profit maximum for the indival competitive firm, and if such a
firm is indeed a profit maximizer, it will reductsioutput below this level.

Some neoclassical economists have thrown the ‘pekfeowledge” assumption at us
at this point: perfectly informed consumers wilstantly stop buying from the firm that
has reduced its output and increased its price,santth to those that are still setting
price equal to marginal cost. But this argumersti$ based on the “horizontal demand
curve” assumption, which itself is a furphynd the market price in the model has
already risen because of the change in output byfion—there is no “cheaper supplier”
to whom omniscient consumers can turn.

“Price equals marginal cost” is, therefore, noteguilibrium under the Marshallian
assumption of atomism. As a result, the coincidexfaollective welfare and the pursuit
of individual profit is impossible: if neoclassicatonomists want to pull that particular
rabbit out of a hat, they need another hat. Stigfismpted to provide one.

5. Stigler’s limiting case

Stigler, of course, was not trying to bury perfeotmpetition when he showed that

ﬁ=ﬂ3: he was one of the pre-eminent defenders of tloelagsical model against

dq dQ

empirically-oriented researchers like Eiteman andahk (see Freedman 1998). He
therefore devised an alternative explanation ofegécompetition, as the limiting case of
competition as the number of firms in an industmgreased. His analysis, shown in
Figure 1, footnoted the derivation of the exprassibown in Figure 3:

Murginal revenue = Price

" Number of sellers % Market clasticity

Figure 3: Stigler's expression for marginal revenugStigler 1957: 8)

Stigler then asserted that “this last term goe=eto as the number of sellers increases
indefinitely” (Stigler 1957: 8). Marginal revenuerfthei™ firm thus converges to market
price. Perfect competition thus appeared to bedsalespite a downward-sloping firm’s
demand curve: profit-maximizers would set margowdt equal to marginal revenue, and
this would converge to price as more firms enteretarket.

Stigler’'s convergence argument is technically adyrbut in conflict with the proof
shown above that “price equals marginal costiasa profit maximum for the individual
firm. The resolution of this conflict led to Keerfisst truly original contribution to this
literature:the proposition that equating marginal revenue anarginal cost maximizes
profit is also a furphy
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6. Equating MC and MR doesn’t maximize profits

Generations of economists have been taught thelesimpantra that “profit is
maximized by equating marginal cost and marginalemee”. The proof simply
differentiates (1.2) with respect tp However, the individual firm’s profit is a funoti,
not only of its own output, but of that of all othrms in the industry. This is true
regardless of whether the firm reacts strategidallwhat other firms do, and regardless
of whether it can control what other firms do. Tdigectively true profit maximum is
therefore given by the zero of thetal differential: the differential of the firm’s prafi
with respect to total industry output.

We stress that this issue is independent of whelteeindividual firm can or cannot
work out this maximum for itself, whether the firdoes or does not interact with its
competitors, and whether the firm does or doescoatrol the variables that determine
the profit maximum. Given a mathematically spedifimarket inverse demand function
that is a function of the aggregate quantity sgapto the market, and a mathematically
specified total cost function for the individuainfi that is a function of its output, the
guestion “what is the level of the firm’s outpuatimaximizes its profit?” is completely
independent of the question of “will the firm, inyagiven environment, or following any
given behavioral rule, actually determine or achidvis level?”. That objective, profit-
maximizing level is given by the zero of ttegal differential of profit:

d d

3074) = 5aP(Qa-Td g)=0 (L.4)
This total derivative is the sum of n partial datives in an n-firm industry:
d x 0 d

In the Marshallian case, atomism lets us st%qj =10 (we address the Cournot

case in section 9). Expanding (1.5) yields

) =3 (- T 1) ao

Continuing with the product rule, (1.6) can be eaged to:

LI i[P(o)—qw (9-2 cc@j a7

dQ j=1 aqj
Under the Marshallian assumption of atomism, tret ferm in the summation in (1.7)
is zero where j#i, and P(Q) where j=i. The second term is equal to

q E—ldd—Q P(Q) Oj; the third is zero wherg #i, and equal todiTC(q) (or marginal
q

costMC(q)) where j =i . Equation (1.7) thus reduces to
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d d
—m(a)=P + nlg 3— - M 1.8
1578)=P(Q+ B A Q- M g @8)

The true profit maximum—under the Marshallian caiodi of atomism—is thus given
by equation (1.9):

m(q)  1MC(q)= P+ quBg—g (1.9)

The error in the standard “Marshallian” formulanisw obvious: it omits the number
of firms in the industry from the expression foe timdividual firm’s marginal revenue.
With this error corrected, the correct profit-makimg rule for a competitive firm is very
similar to that for a monopoly: set marginal cosua to industry levelmarginal
revenué.

7. Monopoly, competition, profit and hyper-rational ity

Neoclassical economics assumes that, given revamidie€ost functions, there is some
output level that will maximize profits, and anatltleat will maximize social welfare (by
eliminating deadweight los8).The argument that the two coincide under perfect
competition has been shown to be nonsense. S the iargument that a single rational
firm could work out the profit maximum, but a bunohrationalnon-interactingfirms
couldn’t, as the calculus in the previous sectioovgs.

Of course, an objection can be made to the abowbematical logic that solving
eqguation (1.9) requires knowledge of the numbefirais in the industry, which the
individual competitive firm can’t be assumed to @&wHere, we can turn Milton
Friedman’s methodological defense of the theortheffirm against itself. Friedman, as
is well known, argued that while firms didn’t incfado calculus to work out their profit-
maximizing output levels, we could model their baba“as if’ they did, because

unless the behavior of businessmen in some wayhar @approximated
behavior consistent with the maximization of refyrit seems unlikely that
they would remain in business for long. (Friedmag3: 22)

We are not arguing that firms do the calculus tokwaut this profit-maximizing level
either’® Instead, we are simply showing that the calcwais be done, and the profit-
maximizing level is not the one asserted by nesalak economists. However, it is
possible now—in a way that wasn’t possible in 1958-actually carry out Friedman’s
“pilliard players” experiment. Citing him again:

Now, of course, businessmen do not actually aedality solve the system
of simultaneous equations in terms of which thehmaiatical economist
finds it convenient to express this hypothesis, rmoye than leaves or billiard
players explicitly go through complicated mathewatcalculations or falling
bodies decide to create a vacuum. The billiardgrlay asked how he decides
where to hit the ball, may say that he “just figuieout” but then also rubs a
rabbit’s foot just to make sure; and the businessmay well say that he
prices at average cost, with of course some miawgiations when the market
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makes it necessary. The one statement is aboutlpilhas the other, and
neither is a relevant test of the associated hgsmh(Friedman 1953: 22)

A ‘“relevant test of the associated hypothesis”asset up a virtual market that
conforms to neoclassical assumptions—with a stidiwnward sloping market demand
curve, and given cost functions subject to dimimghmarginal productivity, so that there
is indeed a profit-maximizing level of output foadh firm—and see what happens.
Figure 4 shows a Mathcad program that implemerigs th

Firms:= | Seed rand

for i Ofirmsgyin, firmsin + f'rmssteps firmsyax
QO - round( run|( i () ,qc(l))) if i>1
qg(i) otherwise

Py - P(ZQO,a,bj if i>1

P(oc(i) ,a, b) otherwise

{ ’E‘ . qdi) jj ! !
dgq « |round rnorm ,j Q—— if i>1
100

ad()

otherwise

for jO0..runs- 1
Q'+1 - Qj + dq

F’(Zqﬂ,a,bj if i>1
RS
dq - [Sigrﬁ B1Q1 ~PQ) - ?? Qe ?'“’? ?)]mq]

i1 -9

E
Figure 4: Simulation of instrumental profit maximiz ers
Working through the program line by line:
1. Arandom number generator is seeded
2. Afor loop iterates from a minimum number to a maximwmber of firms

3. If there is more than one firm in the industry, ledem is randomly allocated an
initial output level. The amounts are uniformly tdisuted from a minimum of the

Keen prediction for a profit-maximizing firmkgo a maximum of the neoclassical
prediction @.

. If there is only one firm in the industry, its outpstarts at the level predicted by the
neoclassical model—which coincides with g

Page 9



Keen and Standish 2007 Debunking the theory ofitime

5. An initial market price is set, based on the sunmitial outputs.
6. Line 6 sets the market price in the case of a molyop

7. Each firm is randomly allocated an amount by whicraries output. The distribution
has a mean of zero and a standard deviation offiitie meoclassical prediction for a
profit-maximizing firm’s output (this is the lassect of the program that involves
probability).

8. Line 8 allocates a change amount of 1% of the ptedioutput for a monopoly.

9. A for loop iterates over a number of runs where eaah Viaries its output trying to
increase its profit from the initial level.

10.Firstly each firm adds its change amount to itdiahioutput. This is a vector
operation: if there are 100 firms in the indusQyis a vector with 100 initial output
amounts, andqis a vector with 100 (positive or negative) outpdnges.

11.A new market price is calculated on the basis efrtbw aggregate output level.
12.Line 12 again allows for a monopoly.

13.Each firm then calculates whether its profit hasmior fallen as a result of its change
in output, and the collective impact of all the eheas in output on the market price. If
a firm finds that its profit has risen, it contiruéo change output in the same
direction; if its profit has fall, it changes itaitpput by the same amount but in the
opposite direction.

14.Each step in the iteration is stored in a multi-efisional array?
15.The multidimensional array is returned by the paogr

The program was run with identical cost functioas éach firm, set up so that the
market aggregate marginal cost curve was indepémafetine number of firms in the
industry (we return to this issue in the Append)e number of firms was varied from 1
to 100. The eventual aggregate output at the edd@d iterations is shown in Figure 5,
and the corresponding market price is shown in fféigly against the predictions of the
Neoclassical and the Keen approach respectively.
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4.5¢10)

4x10]

3.5¢10)

Aggregate output

3><1O9

Market outcome and model predictions

ee® Simulation
¢ Keen
+—++ Neoclassicd

2.5x10"
0

20 40 60 80 100

Number of firms

Figure 5: Aggregate output

As is obvious, the number of firms in an industgdhno impact on the eventual
market output level or price: the Neoclassical mtazh that price would converge to the
level at which price equals marginal cost clearbswot fulfilled.

Market outcome and model predictions

55

500

45(

Market Price

400

e®e® Simulation
¢ Keen
+—++ Neoclassica

350
0

20 40 60 80 100

Number of firms

Figure 6: Market price
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Some neoclassical referees thought that the rescdisrred because, though all firms
were acting independently, they were all doingghme thing (reducing output from the
initial level), and thus acting in a semi-collusivay® In fact, as Figure 7 and Figure 8
show, though the average outcome conformed to kgaedictions, the individual firms
all pursued very different strategies. The aggegaitcome, which contradicted the
neoclassical prediction and confirmed Keen’s, wesresult of quite diverse individual
firm behavior—despite all firms having identicaktdunctions.

Figure 7 shows the output levels of 3 randomly ehofrms from the 100 firm
industry, the average for all firms, and the pradics of the Keen and neoclassical
formulae. Firm 1 began near the neoclassical ougwet, rapidly reduced output towards
the “Keen” level, but then reversed direction; Fi@nbegan halfway between the
neoclassical and Keen predictions, then reducepudibelow the Keen level and stayed

there; Firm 3 began closer to the neoclassicall lamd meandered closer to the Keen
level.

3 randomly chosen firms & average outcome

4.5¢10
X< Firm 1
| +—+ Firm 2
k , YR Firm 3 ”
10 i l [j|®® Mean
‘ I ’ Neoclassical
= \ | ~aa Keen
2
3
» 3.5¢10 )
E i e 1 1 A A Y A
i il | |
i
‘\
7 \
3*10 A A A ) AN VYY)
2.5¢1d
0 200 400 600 800 1x10°

Iterations
Figure 7: Firm outputs in 100 firm industry

The sole source of the volatility of each firm’shbgior is the complex impact of
interactions between firms, in the context of ayv@mply defined market—there is no
random number generator causing this volatility.FAgure 8 shows, each firm made its
changes in response to the impact of both its atmng output, and the collective
changes in output, on its profit. Some firms maatgdr profits than others—notably the
firms with the larger output made the larger psofiHowever, the average profit was
much higher than predicted by the neoclassical inode
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3 randomly chosen firms & average outcome

1.4x109
Nl
M \"#uw“ul'-lluw‘\r"ww W
1.2x10
E
o
e l><;|_010
£
iI .
<< Firm 1
+—+ Firm 2
" Firm 3
“ Mean
Neoclassicdl
a4 Keen
6x109
0 200 400 600 20 -

Iterations

Figure 8: Firm profits in 100 firm industry

This model indicates that, in this game of competiprofit maximization, the virtual
equivalents of Friedman’s “billiard players” follothe laws of mathematics in their
search for profits, as Friedman argued. Howeveesdhlaws of mathematics are
incompatible with the beliefs of neoclassical equorsts.

Since hyper-rational profit-maximizers cannot béetk upon to save neoclassical
belief, there are only two avenues left: irratiotehavior, and Cournot-Nash game
theory.

8. Price-taking behavior is irrational

A regular neoclassical rejoinder to our analysis been that we are “cheating” by not
assuming rational, price-taking behavior. Our staddreply that the assumption of
“price-taking” behavior is itself cheating, withgard to the laws of mathematics: as

shown in Section 2, the assumption tlﬁé(tq)=0 Is incompatible with the assumption
of a downward-sloping market demand cur\E‘(Q)<O). However, it is also easily
shown that “price-taking behavior” is irrational.

The assumption of price-taking behavior appearslagly in neoclassical economics,
from the level of Marshallian analysis through e foundations of general equilibrium
analysis (see for example Mas-Colell et al 199%t, 883). Neoclassical economists do
not seem to realize that this is a classic “rabbthe hat” assumption: if it is assumed,
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then the “perfectly competitive” result of priceuadjing marginal cost follows, regardless
of how many firms there are in the industry.

The essence of price-taking is the belief thatra’é change in its output doesn't

affect market price: this amounts to settig%— P(Q) =0 in equation (1.7). This results
J

in the “profit-maximizing strategy” of setting paecqual to marginal cost, independently

of the number of firms—that is, once this assumpittomadeeven a monopoly produces

where price equals marginal codthis behavior is clearly irrational for a monopodnd

it is only the “fog of large numbers”—the confusiohinfinitesimals with zero, as Keen

noted inDebunking Economiesthat led neoclassical economists to regard pakewy

as rational behavior for competitive firms.

Figure 9 illustrates that price-taking behavioiriational: an agent who behaves this
way is necessarily making a logical error. If tharket demand curve slopes downwards,
then thea priori rational belief is thaany increase in output by the firm will depress
market price.

P(Q) P(Q+q)

A

Price

Irrational :P(Q+q) = P( Q) \
Rational: A Q+ g)< R Q

O
Figure 9: Irrationality of "price-taking" behavior

The desired neoclassical of price equal to margiost is thus dependent on irrational
behavior (in the context of Marshallian competitiewe address Cournot competition
later). We quantify the degree of irrationality ded by modifying the program shown in
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Figure 4, so that a proportion of firms actually lsehave irrationally: if a strategy has
caused an increase in profit, a fraction of fir@spond byeversingthat strategy.

The modified program is shown in Figure 10. Theeoldop (line 2) now iterates the
counteri from 0 to 50, with the value representing the tiac of firms who behave
irrationally at each iteration. The only changethe inner loop is that the change in
output by each firm is now reversed i of firms at each iteratiot.

Firms:= | Seed rand
for 10J0..50
QO p rounc( runi( firms q((firms),qdﬁrms)))

- { e

qc(firmg
dgq <~ round rnorm firms ——
100
for jO0..runs- 1
ez = Q + 0

Pie1 = F(Z(%ﬂ’a’b)

0000000000000 0000000D00000D000000000g0S
-

dg < | si if frms—,— +1 . . —p.[Q] - (tc[Q ., ,firms] —tc[ Q,firmg]|||[d

a - st unf et ¢ )59, ~py@) - (6[Q ) ~16{Q rm)]

F.<Q
9

F
Figure 10: Analyzing the impact of irrationality

Figure 11 shows the aggregate outcome for a 160ifidustry. With no irrationality,
the industry produces the amount predicted by teenkformula. Output then increases
almost monotonically as the degree of irrationaiggs—until, when 20 per cent of firms
are behaving irrationally at each iteration, markritput converges to near the
neoclassical output level.

For a degree of irrationality between 20% and 45P& neoclassical outcome
continues to dominate the simulation results. Tagnrrationality rises above this level,
the market effectively follows a random walk—whecariously, profits in general tend
to behigherthan what would apply if each firm equated margreaenue and marginal
cost.
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Market outcome and model predictions
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Figure 11: Market output as a function of the degre of irrationality

Figure 12 shows the behavior of three randomly ehoBrms, and the average
behavior, at a 20% level of irrationality—i.e., whene firm in five reverses any strategy
that benefited it on the previous iteration.
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3 randomly chosen firms, 20% irrationality
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Figure 12: Sample outputs at 20% irrationality

Figure 13 shows the impact that a degree of imatfity of 20% has on firms’ profits.
Profit falls throughout the run, until by the enidis almost (but not quite) as low as that
caused by equating marginal revenue and margirsal co
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3 randomly chosen firms, 20% irrationality

Firm's profit
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Figure 13: Impact of 20% irrationality on firms' pr ofits

Ironically, higher profits apply if firms simply flow a random walk than if they apply
the neoclassical formula (see Figure 14).
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3 randomly chosen firms, 50% irrationality
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Figure 14: Firm profits with 50% irrationality

A degree of irrational behavior thus saves the lassal preferred outcome of price
equal to marginal cost—though with some collatelainage, since it is now clearly
neither profit-maximizing, nor rational. The questiremains, what might help ensure
this level of irrationality? Cournot-Nash game theappears to provide an answer in
strategic interactions between firms—though thiswaer is only unequivocal at a very
superficial level of analysis.

9. Strategic interaction and competition

Unlike the strictly false Marshallian model of coetipion, Cournot-Nash game theory
provides a prima facie sound basis for “perfect pettion” as the outcome of strategic
interactions between competitors. In Cournot-Naasme theoretic analysis, firms decide
their own actions on the basis of the expectedtimreof other firms, in such a way that
each firm's best response is to 94R(q) = MC( ). This is profit-maximizing for the
firm, in the context of the expected response of coropetd its actionsthough it results
in a lower level of profit than if firms “colludeto share the monopoly level of output
between them.

Up to this point, our contribution has been to shihat what neoclassicals call
“collusive behavior” can actually result from firmst reacting strategically to what other

firms do—in the notation of the early part of theper, when firms S% =00i#]j
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This paradox—that what neoclassical theory labetdldision” actually occurs when
firms do not react to each other—inspired us teerapt to integrate (corrected)
Marshallian and Cournot-Nash theory, by making kbeel of strategic interaction
between firms a variable. Defining the responsthefi” firm to an output change by the

i firm as 8. =%, we then had to rework the expression for prafibione that
Li o

depended entirely upon the level of strategic atBon™ The result of this research was
a second original contribution, a generalized fdarfar profits in terms of the level of
strategic interaction—and the discovery that théinog level of interaction, in the
context of identical firms, was zero. The derivaianvolved are quite complex, and they
are reproduced below in their entirety.

We start from the same position as equation (Ed) profit-maximization, we require

the zero ofdiQ/T(qi). We then expand this as per equation (1.5), herahan then

setting iq. =10j, we work out Whatiq. is in terms of the strategic reaction
dQ " dQ ™

coefficientd ;:
d 5 0
——G =2 -0
9Q jjaqj (1.10)
= Hll
j=1
As a result, our next equation differs from equatib.6):
d L 0 d
—nqg)=) | —I(P -T G—
)= 3 2 (A=l )25 5
(1.11)
(0 d (0 d
=> | —I(P G—q |- > |—T G—
5 - (rlm)g -5 2 e A

Working firstly with the total cost component,aiTC(q)=O iz j and
j

iTC(q): MC( q) Oi= j. Thus the cost component of the profit formulauess to:

aq;

(9 d | d
;[G—%Tc(q)%q} MC( Q)B@q
8

=MC(q)D,

=

(1.12)

=

il

The revenue component involves some more intrsiafes:
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| - (plom)ag g =3 A A5 (g o]+ a3’ ( # 9)sg alaro

=1 aqj Q =1 aq dQ

6qu(F’(Q)) reduces todiQ(P(Q)) as before, though the logic is slightly more
complicated:
2q (P(Q)=55(P@)35
=%(F’(Q))El (1.14)
=P

Making this substitution into (1.13), and using &her than P(Q) for the sake of
clarity, yields:

3| paa)cipa -3 afpeg)

j=1 aqj j=1

S{ade gl

=

(1.15)

Care has to be taken with expanding the express&%\qj in (1.15), since

iqj =291,i , but thei suffix here is just a placeholder for iteratingeothen firms in

the industry. We therefore make the substitutiork ddr i in this subscript so that we

. d o0 <
fi g = —Q = A
demequJ Zaq(q] éﬁjk
P n
EZ[ aQ " J k dQEJZI[
n P n n
-p 30,20, |ratio 3 2.

j=1 =1

Equation (1.11) finally reduces to:

4 ()= F’ETZ[Z J+q dp _n[nﬁjkj-MC(q)ﬂiéfj (1.17)

dQ =1\ k=1 j=1

(1.16)
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The zero of this equation determines the profit imaxn for any given level of
strategic interaction between firms. We can novhrage the corrected Marshallian and
the Cournot-Nash profit maxima in terms of thefigectural variation” levels.

The Marshallian substitution is rather easy. lef’@n:O Oi #] and aq =10i=j,

Zﬁi =1; Z(ZB J is the trace of an identity matrix so thﬁ{Zﬁjyszn; and
=1

=1\ k=1 j=1\ k=1

8,8, =10i=j =k and zero otherwise, so thE(ZQJ kazl. Therefore in the

i=1\ k=1
case of atomism, the maximum of (1.17) reduces to

d%n G)=P+q E—Id—Eh— MC( q) = (1.18)
This reproduces the formula derived in equatloe)(l.
For the Cournot case, we start from the generabttn whereg ; =¢ Ji# | and
g, =1. 16Then26’ _1+Z‘9 1+(n-1)8; Z(ZQKJ is the sum of a matrix with 1

%] j=1\ k=1
on the dlagonals and & on the off-diagonal elements, so that

Z(ZHJKJ (nz—n)mzn(1+( n-1) ) Z{Z J is the sum of each

=1\ k=1 =1\ k=1
column of the matrix—which i§n-1) (@ +1—multiplied by each element of one of its

columns, so that we have(n-1)[#+1 copies of (n-1)[H+1. Thus

=1\ k=1

Z{Z K J:((n—l)m+1)2. Making these preliminary substitutions and faicigr

the common elemer{t.+(n-1)8),"" we derive:

d

E;r(0|.) (1+(n-1) )[EP[QH (n-108)+ qad—[qr) M q)J (1.19)
Given that the Cournot-Nash “best response” resufts each firm setting

conventionally defined marginal revenu® < q GE%) equal to marginal cost, we can

now work out the corresponding value #8r This is 9=%E, wheren is the number of

n
firms in the industry an& the market elasticity of demané & —gg—g

It is now also possible to work out the optimumueafor 8, from the view of a profit-
maximizing individual firm: what level of strategi@sponseshoulda firm have to its
rivals, given that its objective is to maximize pi®fit?

).
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In this generalized case of identical firms, theveer is obviousthe optimal value of
@ is zero As shown by equation (1.18), the profit maximum where

diQn(qi): P+ q E—Ij—ZDw— MC( g) =0. Given equation (1.19), this is only possible for
6 =0. Cournot-Nash game theory is thus “A curious gafte only winning strategy is
not to play®®. It is therefore, on closer examination, a very poor defenseeafancept of
perfect competitior?

This interpretation is given additional weight by the obagon that, though the
standard “Prisoners’ Dilemma” presentation implieat tthe Cournot strategy is stable
and the Keen strategy is unstable (both in a Nash equitisense), the Cournot strategy
is locally unstable, while the Keen strategy is locallpkta

10. Local Stability and Instability

In the Cournot-Nash game-theoretic analysis of duopofinis “cooperate” and split
the monopoly-level output, they make equally high profits. Elav, each firm has an
incentive to “defect” and produce a larger amount wherenérginal revenue equals its
marginal cost, because it will make a higher profit-stif the other firm continues to
produce its share according to the monopoly formula. @iviss both firms an incentive
to defect, resulting in both producing where marginal revemumls marginal cost. This
results in a lower profit for each firm than whenyttsplit the monopoly output between
them, but it is a globally stable strategy, whereas &érostrategy combinations are
unstable.

As a result, output is higher and price lower under duopay thonopoly, and the
limit of this process as the number of firms increaise“perfect competition”. This is
illustrated with the example of a duopoly facing a lmeaarket demand curve

P(Q) = a- bIQ, with identical quadratic total cost functions(q) = k+ ch+% dig.

Figure 9 shows the output combinations producedwuyfirms producing at either the
Cournot or Keen predicted level, in terms of thendad and cost arguments.

"Quantity Matrix" "Firms" "Firm 1" "Firm 1"
"Firms" "Strategy Mix" "Firm" "Cournot" "Firm" "Keen"
- + - -
"Firm 2" "Cournot" 1 [ﬂ? Cm 1 alb + 2(a(d - ble - 2¢d
3b + 2 5b° + 10bidl + 4
- + - -
"Firm 2" "Cournot" 2 [ﬂ? Cm 2 218D + 2(2(d - 2[blc - 2(¢'d
3b + 2 5b° + 10bidl + 4
+ - - -
“Eirm 2" "Keen" 1 2030 + 20@&d - 2bld — 2¢ld 1 [; cm
5[b2 + 10hd + 4 ab+2
+ - - -
"Firm 2" "Keen" 2 alb + 203(d - bie - 2¢d 2 a-¢
4 + 20d

507 + 100bid + 4°
Figure 15: Output levels (symbolic) under Cournot &Keen strategy combinations

Figure 16 shows the numeric outcomes with paranveteles of a=800, b=10 c=100
& d=107®. Clearly, the Keen/Keen combination results inltveest aggregate output, and
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the highest price; Cournot/Cournot gives the higlaggregate output and lowest price;
while the mixed strategy results in the highespatifor one firm and the lowest for the
other, with an intermediate aggregate output.

"Firms"

"Quantity Matrix"

"Firm 2"
"Firm 2"
"Firm 2"

"Firm 2"

"Firms"

"Strategy Mix" "Firm"

"Cournot"

"Cournot"

"Keen"

"Keen"

"Firm 1"
"Cournot" "Firm"
1 22x10 1
2 22¢x10 2
1 2.5x l(? 1

2 14x 10 2

"Firm 1"

"Keen"
1.4x l(?
2.5x 1(?
1.7x 1(?

1.7x l(?

Figure 16: Output levels (numeric) under Cournot &Keen strategy combinations

Figure 17 shows why firms are tempted to “defecti—oour terms, to move from
not interacting to behaving strategically at tiegdl of analysis. The firm that reacts to its
competitor and prices where marginal revenue eqoasginal cost will produce a
greater quantity, which is only partly offset bylawer market price—so long as its
competitor does not change its strategy. It unauodagly increases its profit, while that
of its competitor falls. However, the same temptatalso applies to the competitor, so
both are likely to switch to interacting stratediizarlhis is the temptation that makes the

Cournot/Cournot combination a Nash Equilibrium, revéhough it

unambiguously lower profit for both firms.

[Profit Matrix" "Firms" "Profit change"
"Firms" "Strategy Mix" "Firm"
"Firm 2" "Cournot” 1
"Firm 2" "Cournot” 2
"Firm 2" "Keen" 1
"Firm 2" "Keen" 2

"Firm 1"

"Cournot"

b’Ha- 9>

42D+ d)Q3M + 26)°

b’a - ¢°

42D+ d)3M + 26)°

2
ba - c)ztg% + 3bid + dz]

(2B + d) [Gsmz + 100bd + 4@12)2
b2a - c)ztﬁgmz + 200bd + smuz)

402b + d) LGsm;z + 100b@ + 4@2)2

"Profit Change"

"Firm"

1

Figure 17: Change in profit (symbolic) from Keen/Ke&n combination

involves an

"Firm 1"

"Keen"

b2a - c)ztﬁgmz + 200bd + smuz)

42b + d)[ﬁsmz + 100 + 4@12)2

2
b%ga- c)ZEE% + 3bid + dz]

(2b + d)[ﬁsmz + 100D@ + 4@12)2

Figure 18 shows the numeric consequence, giveaxample parameters used.
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"Profit Matrix" "Firms" "Profit change" "Firm 1" "Profit Change" "Firm 1"
"Firms" "Strategy Mix" "Firm" "Cournot” "Firm" "Keen"
"Firm 2" "Cournot" 1 —5.7% 1010 1 -1.8% 1011
"Firm 2" "Cournot" 2 —5.7% 1010 2 1.3x% 1(}l
"Firm 2" "Keen" 1 1.3x 1(}1 1 0
"Firm 2" "Keen" 2 -1.8x 1011 2 0

Figure 18: Change in profit (hnumeric) from Keen/Keen combination

So far, the argument looks conclusive for the CotiNash Equilibrium as the
outcome of strategic interaction, and competitionst works to cause higher aggregate
output and lower prices than would apply with feviems in the industry. Add more
firms, and ultimately you converge to where prigei@s marginal cost—the Holy Grail
of perfect competition.

The acknowledged wrinkle in this argument is thath infinitely repeated games, the
Nash equilibrium is the Keen strategy—called “csidin” or “cooperate” in the literature
because, before our critique, it was believed thatonly way firms could work this
amount out was by acting as a caftdt’'s possible to “rescue” perfect competition by
assuming finitely repeated games, showing thatec&f(or Keen) dominates the final
play, reverse-iterating back to the second last, lanfinite backwards regression arrive
at “defect” as the ideal strategy for all iterasoBut this is obviously weak as an analogy
to actual competition, where the infinitely repeltgame is closer to the reality of an
indefinite future of competition—even if some corifmes do exit an industry, their
rivals can never know when this might happen.

Most game theorists express puzzlement with thésrana: a strategy is dominant in a
one shot, but not in a repeated game. So “collisi@m more correctly, “non-
interaction”) appears dominant, and it appears finats will tend not to compete over
time?*

There is an additional wrinkle that possibly expfathis known dilemma (and the
simulation results shown in Figure 8)while the Cournot strategy is a Nash Equilibrium,
it is locally unstable, and while the Keen strategyot a Nash Equilibrium, it is locally
stable. This occurs not because of collusion, lasabse strategic interactions—which
we might describe as a “Meta-Nash Dynamic”— leamimfrthe Cournot equilibrium to
the Keen.

One firm may benefit from a strategic change—sayn A increasing its output from
that in the Keen/Keen output pair, while Firm 2uees it. The strategy pair would then
be “increase, decrease” (or “+1/-1") and the profitcomes “increase, decrease”. In an
iterative search for the profit-maximizing leveédjg would encourage Firm 1 to continue
increasing its output, which would take it in thieedtion of the Cournot equilibrium.
However Firm 2, having lost from that strategic camation, will change its strategy—
and rather than decreasing its output further,litimcrease its output. Then the strategy
pair will be “increase, increase” and the profitammes are “decrease, decrease”. As a
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result, both firms will change their strategy toetdease”, and head back to the Keen
equilibrium.

Figure 19 illustrates this using the example patarseabové’ The top half shows the
outcome for Firm 1; the bottom half, for Firm 2ragegy settings by Firm 1 are shown by
column 1, and settings by Firm 2 by row one. Atstyg pair of “+1/-1” results in Firm 1
increasing profit by 333, which clearly encouragéism 1 to continue increasing
production. However, that combination causes a drgpofits of 333 for Firm 2, which
will cause Firm 2 to swap strategies—say from “td™+1”. That will then switch the
market situation to the “+1/+1” combination, whéeth firms suffer a fall in profits (and
the fall in profits gets larger for larger outputieases). Both firms are then likely to
switch to reducing output. The Keen equilibrium tigis locally stable because of
strategic interactions.

“Firm 1" 1" "0" "+1"

1" —21x 10 | -166.7 -3333

0" 166.7 0 166.7
oy 3333 1667 —2.1x 10 '
"Firm2r 1 " T

1" 21x10 | 166.7 3333
"0 1667 0 166.7

"+1"  -3333 -166.7-2.1x 10 '
Figure 19: Profit changes for Firm 1 and Firm 2 fram output changes from Keen equilibrium

The Cournot equilibrium, on the other hand, is liycanstable. Figure 20 shows the
outcomes for changes of one unit for each firm. Thategy pair “+1/-1” results in
increase in profits for Firm 1 and a fall in prefifor Firm 2, as it did in the Keen
equilibrium. Firm 1 will then be encouraged to doué increasing production, while
Firm 2 will be encouraged to switch from reducingput to increasing output. The next
strategy pair is thus likely to be “+1/+1” (or sofmigher combination). This also causes a
loss for both firms, so another switch in strategljkely—to reducing output.

"Firm 1 1" "0 T
ngn 218.7 -11x10 |  -218.8
"0 218.7 0 2187
"y 218.7 -1.1x10 '  -2188

"Firm 2" 1" "0 T
ngn 218.7 218.7 218.7
0" —1.1x10 ' 0 11x 10 '
oy 2188  -218.7  -2188

Figure 20: Profit changes for Firm 1 and Firm 2 fram output changes from Cournot equilibrium
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Unlike the Keen/Keen situation, the strategy pdlir-1” from the Cournot equilibrium
results in an increase in profits footh firms—and larger reductions in output cause
larger increases in profit. Further movement awaymf the Cournot equilibrium is
rewarded, so that both firms are likely to adopt ¢skrategy of reducing output, until they
reach the Keen equilibrium—with absolutely no “oslbn” taking place. The Cournot
equilibrium is thus locally unstable, not becausedalusion, but because of strategic
interactions.

Figure 21 and Figure 22 put the impact of strategfieractions graphically: in each
case the predicted output pair (Keen/Keen and @a@ournot respectively) is in the
middle of the box. While firms are not behavinglasively, the only strategy pairs that
have a chance to be self-sustaining are thosenthat a positive impact on the profit of
both parties—since as explained above, any stratiegly has a negative impact will
necessarily mean a change in behavior by one trfiats. Therefore, the shape of the
aggregate profit “hill” indicates whether any susitsag strategic interactions exist.

Figure 21 confirms that there are no such intesastiin the vicinity of the Keen
equilibrium: all strategic pairs involve a fall eggregate profits relative to the starting
point. The Keen equilibrium is thus locally stable.
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Shape of aggregate profit surface around Keenibeguin

M
Figure 21: Impact of strategic interactions on proit near Keen equilibrium

The Cournot equilibrium, on the other hand, is lycanstable, because aggregate
profit will rise if both firms reduce output (seegbre 22).
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Shape of aggregate profit surface around Cournatilequm
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Figure 22: : Impact of strategic interactions on pofit near Cournot equilibrium

Thus, though the Cournot-Nash defense of perfetipedition is not strictly false, in
practice it is fragile. It appears that, if a ptefiaximizing level of output per firm can be
identified, then rational profit-maximizing firmsilidentify it, regardless of how many
of them there are in an indusfyThe Holy Grail of “perfect competition”, though
theoretically attainable via strategic interactjos a will 0’ the wisp.

So too, ironically, is the argument that there mafit-maximizing level of output per
firm.

11. The empirical reality of competition

A plethora of empirical studies have establishesd #t least 89 per cent of output—
and perhaps as much as 95 per cent—is produced con@itions of constant or falling
marginal cost, and rising economies of séal€iven such circumstances, there is no
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profit-maximizing level of output for the individbdirm: so long as the sale price
exceeds average costs, the firm will profit frondiéidnal sales. The key presumption of
the neoclassical model—that there is a profit-mazimg level of sales—is thus not
fulfilled in the real world.

The most recent such survey was carried out by Alamder and a team of PhD
students in 1998. Blinder’'s results are also arbyu#ie most authoritative, given the
scale of his study, and Blinder’s prestige as amemist.

Blinder et al. surveyed a representative weightathpde of US non-agricultural
corporations with annual sales of more than US$illlom a 61% response rate resulted
in a study of 200 corporations whose combined dutppresented 7.6% of the USA’s
GDP. The interviews were face to face, with Blin@derd a team of Economics PhD
students conducting the interviews; the interviewegre top executives of the firms,
with 25% being the President or CEO, and 45% a Yiesident.

Blinder summarized the results in the following way

“First, about 85 percent of all the goods and s&wiin the U.S. nonfarm
business sector are sold to "regular customerdi whom sellers have an
ongoing relationship ... And about 70 percent of sat®e business to
business rather than from businesses to consumers...

Second, and related, contractual rigidities ... at@eenely common ...
about one-quarter of output is sold under contrdzs fix nominal prices for
a nontrivial period of time. And it appears thatabiunts from contract prices
are rare. Roughly another 60 percent of outputoigered by Okun-style
implicit contracts which slow down price adjusteent

Third, firms typically report fixed costs that ageite high relative to
variable costs. And they rarely report the upwdogisg marginal cost
curves that are ubiquitous in economic theory. émedownward-sloping
marginal cost curves are more common... If these arssare to be believed
... then [a good deal of microeconomic theory] idezhinto question... For
example, price cannot approximate marginal cost scompetitive market if
fixed costs are very high.” (p. 302)

The key final point about falling marginal cost de&s elaboration. Given that, as
they discovered, “marginal cost is not a naturahtaleconstruct for most executives.”
they

translated marginal cost into ‘variable costs @fducing additional units,”
and posed the following question:

B7(a). Some companies find that their variable c@&r unit are roughly
constant when production rises. Others incur eithgher or lower variable
costs of producing additional units when they ragigsluction.

How would you characterize the behavior of your ovamiable costs of
producing additional units as production risesM@dr 1998: 102)

The survey team collated the responses into fieegs, as summarized in Table 1:
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Structure of Marginal Costs

Percentage of firms

Decreasing

32.6

Decreasing with discrete jump

UJ
©

Constant

40

Constant with discrete jumps

7.9

Increasing

111

Table 1: Marginal cost structure of American corpomtions (Blinder et al. 1998: 102-103)

Blinder et al. pithily observed that:

“The overwhelmingly

bad news here (for economicotigg is that,

apparently, only 11 percent of GDP is produced umdaditions of rising

marginal cost.” (102)

The overall results of Blinder's survey are summedi in Table 2. Given the
empirically common circumstances detailed here, gheerequisites for being able to
identify a profit-maximizing level of output do nekist for at least 89 per cent of US
firms.? Instead, for these firms, the only profit-maximigistrategy is to sell as much as

they can—and at the expense

, Where possible, opettors’ sales.

Summary of Selected Factual Results Price Policy
Median number of price changes in a year 1.4
Mean lag before adjusting price months following
Demand Increase 29
Demand Decrease 29
Cost Increase 2.8
Cost Decrease 3.3
Percent of firms which
Report annual price reviews 45
Change prices all at once 74
Change prices in small steps 16
Have nontrivial costs of adjusting prices 43
of which related primarily to
the frequency of price changes 69
the size of price changes 14
Sales
Estimated percent of GDP sold under contracts
which fix prices 28

Page 31



Keen and Standish 2007 Debunking the theory ofitime

Percent of firms which report implicit contracts 65

Percent of sales which are made to

Consumers 21
Businesses 70
Other (principally government) 9

Regular customers 85

Percent of firms whose sales are

Relatively sensitive to the state of the economy 43

Relatively Insensitive to the state of the economy 39
Costs

Percent of firms which can estimate costs at leasterately well 87

Mean percentage of costs which are fixed 44

Percentage of firms for which marginal costs are

Increasing 11
Constant 48
Decreasing 41

Table 2: Summary of Blinder et al.'s empirical findngs

The only practical way that this can be done ispsiaduct differentiation, and that
indeed is the obvious form that real competitiortualty takes. Innovation and
heterogeneity are the true hallmarks of competitiget these concepts are effectively
excluded by the neoclassical model.

A model of how this actual form of competition werlwould be extremely useful to
economic theory—and perhaps even to economic polfcyve could scientifically
identify those industry structures that truly prdenanovation. The continued teaching
of the neoclassical model, and the continued dewedmt of a research tradition in which
rising marginal cost plays a key role, are a hindeato developing an adequate model of
real world competition.

Our closing observation on this theory is perh&gsnbost important. A theory is more
than a scholastic exercise: a good theory is afsateempt to understand reality, and,
where possible, to alter it for the better. Thewe therefore, few things more dangerous
than an applied bad theory. Unfortunately, neo@assompetition theory is applied
throughout the world, in the guise of policies mted to promote competition.

12. The anti-capitalist nature of neoclassical comp  etition

policy
The neoclassical vision of competition has beerh@msd in competition policies
adopted by governments and applied to key indstsiech as telecommunications,
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power, sanitation, and water supply. The major toracimplications of accepted theory
are that more firms equates to increased competiticreased competition means higher
output at lower prices, and market price shouldligde equal to marginal cost.

Since the theory is flawed, these implicationsairbest unproven, and at worst false.
There are now numerous instances around the wdnkekavcompetition policies have
resulted in deleterious outcomes; a special iséu#ilities Policy in 2004 details several
of these for the USA (and Australia). Loube, foaewple, examined the US Telecom Act
of 1996, and found that “this policy has actualysed prices for residential customers”
(Trebing & Miller 2004: 106).

Proponents of competition policy normally ascribects outcomes to poor
implementation of policy, poor regulatory oversigbt unanticipated circumstances.
However, if the theory is flawed as we argue, ttiexse outcomes are not accidents, but
the systemic results of imposing a false theoryactual markets. Some predictable
negative consequences are rising costs due to eddwsconomies of scale,
underinvestment caused by imposed prices thael@wbaverage cost, and reduced rates
of innovation in related industries, caused by ittelequate “competitive” provision of
infrastructure.

That these policies were imposed in a well-meaaitgmpt to improve social welfare
cannot detract from the fact that, if the theorydgwg these policies was false, then the
policies are likely to cause more harm than goaehlRvorld markets would function far
better if competition policy, as it stands, werelahed.

13. Conclusion

A careful examination of the neoclassical theorgapetition thus finds that it has
little, if any, true content.

The Marshallian argument, which forms the backboh@eoclassical pedagogy, is
strictly false in its belief that a downward-slopimarket demand curve is compatible
with horizontal individual firm demand curves. Onbés error is corrected, the model’s
major conclusion, that competitive industries arettdr than concentrated ones, is
overturned. Given identical demand and cost cambti competitive industries will
produce the same output as monopolies, and st#ieatame price—and there are good
grounds for expecting that monopolies would haveslocosts (see Appendix One).

The Cournot analysis is mathematically correct, uftject to a problem of local
instability as well as the known dilemma of repdagames. If it is interpreted as an “as
i explanation for what happens between competfimps in an industry—i.e., it
proposes that firms do not actually solve the nratitecs to find their Nash equilibrium
output levels, but instead undertake an iterateerch of the output-profit space—then
this iterative search will lead to the Keen equitim, not the Cournot-Nash one, because
the former is locally stable under strategic intéoms, while the latter is not.

Given this intrinsic barrenness of the theory,édtapirical irrelevance is even more
important. Neoclassical economists have ignoredudtitmde of empirical papers that
show that marginal cost does not rise, that firmsxdt compete on price, and so on, on
the basis of Friedman’s belief that asking busimesswhat they do is not “a relevant test
of the associated hypothesis.” But if the “assedahypothesis” is in fact false, or
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irrelevant, then “asking businessmen what theyid@it least a good place from which to
derive stylized facts that a relevant hypothesislditnave to explain. It is high time that
economists abandoned what superficially appedse tthigh theory”, and got their hands
dirty with real empirical research into actual fsrand actual competition.

Here the picture that emerges from even a curspaynaation of the data is very
different to neoclassical belief. Table 3 showsdlygregate distribution of firm sizes in
the USA in 2002: large firms make up well under P8 cent of the total number of
firms, but are responsible for over 60 per cergadés.

2002
Industry Total 0-499 500+
Total Firms 5,697,759 5,680,914 16,845
Estab. 7,200,770 6,172,809 1,027,961
Emp. 112,400,654 56,366,292 56,034,362
Ann. pay.($000) 3,943,179,606 1,777,049,574 2,166,130,032
Receipts($000) 22,062,528,196 8,558,731,333 13,503,796,863

Table 3: US firm size data (US Office of Small Busess Advocacy)

At the same time, small firms are not negligiblkiradustries are characterized by a
wide distribution of firm sizes, from sole traddwrdugh to large conglomerates (see
Table 4). Perhaps the real story of competitiahassurvival of such diversity.

Manufacturing

Firms Estab. Emp. Ann. pay.($000) Receipts($000)

Total 297,873 344341 14,393,609 580,356,005 3,937,164,576
T or 21,731 21,761 0 2,231,805 15,166,970
T 14 97,197 97,232 219,951 5,823,048 27,659,982
T 59 55,597 55,702 372,245 10,533,204 44,184,220
T 1019 46,851 47,200 639,036 19,888,764 80,892,263
T 019 221,376 221,895 1,231,232 38,476,821 167,903,435
T 2099 58,198 62,443 2,375,691 82,257,351 346,024,892
7100499 14,124 23,727 2,488,018 91,152,085 460,526,128
0499 293,698 308,065 6,094,941 211,886,257 974,454,455
T 500+ 4,175 36,276 8,298,668 368,469,748 2,962,710,121

Table 4: Distribution of firm sizes in manufacturing (US SBA)

In the light of both its theoretical weaknesses igdrelevance to the empirical data,
Sraffa’s advice in 1930 about what to do with Maitbh theory bear repeating today, not
only in relation to Marshall’s theory, but eventihe Cournot-Nash approach:

the theory cannot be interpreted in a way which esait logically sell-
consistent and, at the same time, reconciles t e facts it sets out to
explain. Mr. Robertson’s remedy is to discard mathgcs, and he suggests
that my remedy is to discard the facts; perhapsghdto have explained that,
in the circumstances, | think it is Marshall’s tngthat should be discarded.
(Sraffa 1930: 93)

The neoclassical theory of competition is a hindeato understanding real markets
and real competition, and it should be abandoned.
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14.  Appendices

Appendix One: Conditions for comparability of cost structures

Economists blithely draw diagrams like Figure 23leto compare monopoly with
perfect competition. As shown above, the basis haf tomparison is false: given
Marshallian assumptions, an industry with many featy competitive” firms will
produce the same amount as a monopoly facing @®rdemand and cost conditions—
and both industry structures will lead to a “deaidfveloss”. However, in general, small
competitive firms would have different cost conaliis to a single firm—not only because
of economies of scale spread result in lower pérfixed costs, but also because of the
impact of economies of scale on marginal costs.

Harcourt, Inc. items and derived items copyright@2 by Harcourt, Inc.

The Inefficiency of Monopoly...

Price

Defdweight Marginal cost
0ss

Monopoly
price

rev Demand

\:\ Mar é;nnal

0 Monopoly Efficient Quantity
quantity quantity

Figure 23: Mankiw's monopoly versus perfect competion comparison

Rosput (1993) gives a good illustration of thigdatpoint in relation to gas utilities.
One of the fixed costs of gas supply is the pipee @f the variable costs is the
compression needed to move the gas along the Aigarger diameter pipe allows a
larger volume of gas to be passed with lower cosgoa losses, so that the larger scale
of output results in lower marginal costs:

Simply stated, the necessary first investment ifragtructure is the
construction of the pipeline itself. Thereafterddidnal units of throughput
can be economically added through the use of hoveepto compress the
gas up to a certain point where the losses assdciaith the compression
make the installation of additional pipe more ecuial than the use of
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additional horsepower of compression. The lossna&rgy is, of course, a
function of, among other things, the diameter ef pipe. Thus, at the outset,
the selection of pipe diameter is a critical ingeed in determining the

economics of future expansions of the installee pipe larger the diameter,
the more efficient are the future additions of @iyaand hence the lower the
marginal costs of future units of output (Rospu@3:288).

Thus a single large supplier is likely to have lowests—in which case, the marginal
cost curve for the monopoly should be dralelowthat for the competitive industry.
Given the same demand curve and the same profitmmaxrg behavior, a monopoly is
thus likely to produce a higher output than a catitige industry, and at a lower cost.

The cost examples in this paper were artificialgnstructed to ensure that the
assumption of identical costs embodied in Figuren2Be fulfiled—something that we
doubt has been done by neoclassical authors in @@ible papers. The cost functions
were:

Monopoly: MQ{ Q= G Q@ E1d

(1.20)
Competitive mf g )= & 4 B’m°

Obviously, it is very arbitrary to have the numhs#rfirms in an industry as an
argument in the marginal cost function of a sinfgilm—and also highly unlikely. Yet
without that “heroic” assumption, the aggregate mérginal costs curves for a
competitive industry wilhecessarilydiffer from the marginal cost curve for a monopoly
If a monopoly has greater access to economiesatd fftan smaller competitive firms, as
in Rosput's example of gas transmission, then onveational profit-maximizing
grounds, a monopoly would produce a higher outpuaflower price.

It is also easily shown that the neoclassical pedagassumption that the same
marginal cost curve can be drawn for a competitnristry and a monopoly is true in
only two circumstances: either the monopoly simgianges the ownership of plants in
the industry—so that there is no technical diffee=between one industry structure and
the other—or both industry structures face idehticastantmarginal costs’

Marginal cost is the inverse of marginal produchicli in turn is the derivative of
total product. The condition of identical margiralsts—that is, that the marginal cost
curve for a monopoly is identically equal to thensaf the marginal cost curves of an
industry with many competitive firms, for all relawt levels of output—therefore
requires that the total products of two differendustry structures differ only by a
constant. This constant can be set to zero, suiIbis zero with zero variable inputs.

Consider a competitive industry with firms, each employing workers, and a
monopoly with m plants, each employing workers, wheren>m. Graphically this
condition can be shown as in Figure 24.
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Figure 24: Production functions required for identical marginal cost curves

Usingf for the production function of the competitivenfis, andg for the production
function of the monopoly, the equality of total guets condition can be put in the
following form:

nCf (x) = mOg( y) (1.21)
Substitutey:%( into (1) and differentiate both sides of (1.21)by

f(x) =20y (=) (1.22)

This gives us a second expressionff@équating these two definitions yields:

wzz@'[ﬁk}

n m m
or (1.23)
g(%) . m
g(fm) nix
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The substitution ofy =2 yields an expression involving the differentialtbé log
of g

«Q
=<

) :% (1.24)
Integrating both sides yields:
In(g(y)) =In(y)+c (1.25)
Thusg is a constant returns production function:
g(y)=Cly (1.26)
It follows thatf is thesameconstant returns production function:
f(x)=mCEx (1.27)

With both f andg being identical constant returns production fuortdi the marginal
products and hence the marginal costs of the catiwpeindustry and monopoly are
constant and identical. The general rule, therefsréhat welfare comparisons of perfect
competition and monopoly are only definitive whdre tcompetitive firms and the
monopoly operate under conditions of constant idahiarginal cost.
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! The early proofs in this paper were also developit the assistance of John Legge (La Trobe
University)

2 A referee for thé&Economic Journalvrote that “we always consider the perfect contipeticase as a
polar case which represents an extreme scenatiigs dargely a benchmark. | would prefersee the equation:
(AR - MR)/AR =1 /(nE), so that for E at a normalue of say 2, and n at 1000, then the divergeha®and MR
is 1/20 of 1%. Then price equals MR seems a pretty gopdoajpmation!”

% A referee for theJournal of Economic Educatiocommented that “Stigler's many attempts to save
neoclassical theory have always caused more praleam they have solved. His version of the chalia r
is contrary to the partial equilibrium method ahdg is irrelevant”.

* This proof was first developed by John Legge, @flcobe University.

® We are using a symbolic mathematics program bmtteduce the need for some tedious manual
calculations, and because on several occasionslagsial economists have disputed the resultsaoie
calculations—by in effect distorting the definitiofia derivative.

® “furphy” is a delightful Australian word meaningti irrelevant or minor issue raised to specifically
divert attention away from the real issue”. It dess wider currency—especially amongst economists!

" Though not necessarily identical, sin¢eLt] only equals Q ifg =% Oi. This impact of
dispersal in firm size may explain some of the $ation results shown later.

® We use standard undergraduate terms here betsuaealysis we are challenging is, up to this point
that served up to undergraduates. We address ¢remeetic concepts later.

° Equation (1.9) can be put in another form whichtlpaddresses this criticism, and also emphasizes
the error in the conventional formula. The profiximizing level of output is not to equate firm-¢dv
marginal revenue and marginal cost, but to makegé#pebetween them a fraction of the gap betweer pri

n-1
and marginal costMR(q)— MC( q) =—( P- MC). The fraction tends to 1 @ — o, so the
n

more “competitive” an industry is, the easier itasapply this formula.
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%1n fact, we argue later that the assumption theitet is some profit-maximizing level for a firmas
furphy. The profit-maximizing strategy for actuainis is simply sell as much as possible, at theergp
where possible of your competitors and other péessibenues for consumers’ discretionary expenditure

™ The behavior modeled was deliberately made aslsiamp possible, to avoid the rejoinder that the
results were the product of our algorithm rathanthaw profit-motivated behavior. It could only kdveen
simpler by having each firm vary its output by amgt at each time step—a modification which, as it
happens, results in a much slower but absoluteergence to the Keen equilibrium.

2 |n effect, F is a matrix where th& and ' column contains the vector of outputs by dimms
industry at the'] iteration.

13 A referee for theEconomic Journatommented that “if firms act the same way, thel all get
higher profits if and only if they reduce outputthen the algorithm will continue to lead them te th
monopoly outcome since there is no chance anydamrealize the true impact of its own output cleang
Thus the result is not surprising.”

“ The function call runif ( firms,—i/100,~i/ 100+ } generates a vector of numbers between

—i/100 and 1-i/100; wheni=0, all these numbers will be positive and thus rifeica the value of the

sign() function; wheni>0, i% of these numbers will be negative and thus e af thesign() function will

be reversed. The firms that have this randomlygassi negative number against their output chantie wi
increase output at the next step if profit rose whiee decreased output on the previous step (ared vi
versa). This is instrumentally irrational behavior.

!5 This work was first published in Keen & Standig)08.

!® The alleged neoclassical equilibrium occurs whEres MC (q); for long-run equilibrium, only
the most efficient scale of output applies so thatginal cost is identical for all firms, therefiadl firms
must produce at the same level of outgput= (= Q= n. For this to be stable, all firms must have the

same level of strategic interaction with each qtifk= 6.

" Sinced lies in the rangt{O,]/n EE] : (1+ (n —l) W) # 0; it can therefore be factored out.

18 Eor those who do not know, this is a line from 1880s moviaVar Games

%1t may be thought that this result is an artifaican accidental aggregation effect from usingstime
reaction coefficient for all firms; we refute tthy generalizing the analysis to allow for each ftorhave a
different reaction coefficient to the market. Thésearch will be published in a subsequent paper.

2 Of course, neoclassical economists still beli¢wue today, and will doubtless continue believing it
given how dogma has almost always overruled lagtbé development of economic theory.

ZLWe suspect that this dilemma explains the par#daixneoclassical economists, who are normally so
opposed to government intervention, support “coitipetpolicy”, which in effect forces firms to corafe
with each other.

22 One curious feature of this simulation is that¢bavergence result is dependent, not on the number
of firms—as neoclassical theory falsely asserts—dmuthe dispersal of output changes by each firne T
higher the size, relative to output, of the randoailocated output changes, the higher the likeldhthat
the end result will be convergence to the Couraoil#érium rather than the Keen. This result isaepd
in Keen & Standish 2006.

% The outcome applies so long as a>c, b<a and di<tbpae are fundamental conditions for a market to
exist in the first instance. a<c, for example, vibset the equilibrium market output at less than.ze

% Subject to the one caveat mentioned in Footnote 22
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% See Lee 1998 for a comprehensive survey of tie@btury studies.

% We say at least because all previous surveys tepated a lower proportion of products that are
produced under conditions of diminishing marginalductivity—typically 5 per cent of output (Eiteman
& Guthrie 1952).

2" This argument was first published in Keen 2004a.
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