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THE LEARNING CURVE, MARKET DOMINANCE, AND
PREDATORY PRICING

By Luis M. B. CaBrAL AND MIcHAEL H. RiorpaN!

Strategic implications of the learning curve hypothesis are analyzed in a model of a
price-setting, differentiated duopoly selling to a sequence of heterogeneous buyers with
uncertain demands. A unique and symmetric Markov perfect equilibrium is characterized,
and two concepts of self-reinforcing market dominance investigated. One is increasing
dominance (ID), whereby the leading firm has a greater probability of winning the next
sale; the other is increasing increasing dominance (IID), whereby a firm’s probability of
winning the next sale increases with the length of its lead. Sufficient conditions for IID
(and thus for ID) are that the discount factor is sufficiently low or sufficiently high. Other
sufficient conditions for ID and IID are given in the case of two-step learning, in which a
firm reaches the bottom of its learning curve after just two sales. However, examples are
also constructed for the two-step learning case in which neither ID nor IID holds. It is
also shown that, in equilibrium, IID implies that learning is privately disadvantageous,
although it is socially advantageous. Finally, introducing avoidable fixed costs and possible
exit into the model yields a new theory of predatory pricing based on the learning curve
hypothesis.

Keyworps: Learning curve, predatory pricing, dynamic oligopoly, Markov perfect
equilibrium.

1. INTRODUCTION

THERE ARE SEVERAL STRATEGIC IMPLICATIONS of the hypothesis that a firm’s
unit cost declines with its cumulative production—the learning curve hypothe-
sis. First, by moving down the learning curve faster than its rivals a firm gains a
strategic advantage.? Second, recognizing this potential for strategic advantage,
firms compete aggressively, and perhaps even unprofitably, to move down their
learning curves. Third, even a mature firm might compete aggressively to
prevent a rival from moving down its learning curve. Fourth, the strategic
advantage conferred by learning may drive rivals from the market, creating an
incentive for predatory pricing. We study these strategic issues in a dynamic
duopoly model.

The learning curve hypothesis is not new, and has been studied in many
industries. These include airframes (Wright (1936), Asher (1956), Alchian
(1963)), machine tools (Hirsch (1952)), metal products (Dudley (1972)), nuclear
power plants (Zimmerman (1982), Joskow and Rozanski (1979)), chemical
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“This idea formed the basis of the Boston Consulting Group’s (1970, p. 54) advice to produce a
lot early on.
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processing (Lieberman (1984)), shipbuilding (Searle and Goody (1945), Argote,
Beckman, and Epple (1990)), and semiconductors (Webbink (1977)). There is
also casual evidence that learning by doing matters for how firms compete. For
example, in discussing the semiconductor market, The Economist (October 13,
1990) states that chip makers “almost bankrupted themselves” selling early
generations of memory chips. Newhouse (1982) makes similar remarks about
airframe manufacturers in discussing competition between the Boeing 747, the
Lockheed L1011, and the McDonnell-Douglas DC10 beginning in the late
1960’s.

The industrial organization literature on the strategic implications of the
learning curve is sparse.®> Lee (1975) argued that learning might raise entry
barriers in a dynamic limit pricing model. Spence (1981) showed with numerical
examples how, in a Cournot quantity-setting model, a learning curve creates
entry barriers against late entrants; Ghemawat and Spence (1985) elaborated
how industry spillovers mitigate this effect. An extreme form of spillovers,
industry-wide learning, was analyzed by Stokey (1986). Fudenberg and Tirole
(1983) showed that, in a linear two-period Cournot model: (i) firms’ outputs
might decrease with learning, (ii) learning is socially beneficial, and (iii) a
balanced-budget tax-subsidy scheme can improve welfare. Ross (1986) dem-
onstrated numerically how learning enhanced a Stackelberg advantage, and
Dasgupta and Stiglitz (1988) showed how learning might enhance other (possi-
bly small) exogenous strategic advantages. Gilbert and Harris (1981) discuss how
a learning curve for investment enables an incumbent to preempt entrants
repeatedly by installing lumpy new capacity anticipating demand growth.
Mookherjee and Ray (1991) analyzed how learning curves facilitate oligopoly
collusion in a dynamic Bertrand model.

The Dasgupta-Stiglitz article is perhaps closest in theme to our own ap-
proach, being concerned with how learning influences the evolution of market
structure. Adapting Fudenberg and Tirole’s linear Cournot model, Dasgupta
and Stiglitz showed how granting one firm a small initial cost advantage can lead
to increasing market concentration as learning proceeds. Indeed, they demon-
strated that, if firms are sufficiently myopic and learning proceeds fast enough,
then an oligopoly with initially asymmetric costs eventually becomes monopo-
lized. They also showed how in a homogeneous product Bertrand model a
learning curve yields a monopoly market structure if one firm has a customer
loyalty advantage.

Our approach to the strategic implications of the learning curve is distinct in
several ways. First, our model of dynamic oligopoly is different. We assume a
price setting duopoly selling to a sequence of heterogeneous buyers with
uncertain preferences for one product over the other. The previous literature
has focused mostly on homogeneous products, deterministic demand, and

3 Antecedents are Arrow (1962), who considered the learning curve hypothesis in a growth model,
and Rosen (1972) who analyzed the implications of learning by doing for a competitive firm. See
Mookherjee and Ray (1989) for a detailed literature review.
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quantity-setting. We think our model better captures the market for commer-
cial airframes, for example. This market operates on the basis of closed
competitive price negotiations, and product differentiation and demand uncer-
tainty clearly matter (Newhouse (1982)). A virtue of our approach is that it
enables us to study the endogenous evolution of market shares arising from
asymmetries generated by demand realizations.

Second, our modeling approach relies on general functional forms, although
admittedly it is specialized in other respects. In contrast, most previous oligopoly
learning curve models have relied on special functional forms and specific
parameter values. Our approach characterizes equilibrium by a two-dimensional
system of difference equations. The two dimensions define the “state of the
system” which is given by the cumulative previous sales of both firms.

Third, we address questions new to the learning curve literature. It is a
familiar idea in industrial organization (e.g., Flaherty (1980), Gilbert and
Newbery (1982), Vickers (1986), Budd, Harris, and Vickers (1993)), and quite
clear from the theory of races (e.g., Harris and Vickers (1985, 1987)), that, once
ahead, a leader might tend to stay ahead. In our model, this “increasing
dominance” property means that a leader has a greater probability of selling to
the next buyer. We provide sufficient conditions for increasing dominance and
show it implies learning is privately disadvantageous, i.e. symmetric firms would
be better off if no learning were possible. We also obtain sufficient conditions
for an even stronger property of “increasing increasing dominance” meaning
that a leader’s probability of winning the next competition increases with the
length of its lead.’

Furthermore, we extend our model to include avoidable fixed costs and
develop a new theory of predatory pricing based on the learning curve hypothe-
sis. In contrast to previous formal models (Ordover and Saloner (1989), Roberts
(1987)), ours relies neither on financial market imperfections nor on asymmetric
information. We argue that: (i) entry and subsequent exit can be an equilibrium
outcome, (ii) the possibility of a rival’s exit induces more aggressive pricing,

4Mookherjee and Ray (1991) analyze a dynamic price-setting oligopoly with deterministic
demand and learning by doing. They focus on “folk theorem” results, thus indicating the potential
scope for cooperative behavior. In contrast, our restriction to Markov perfect equilibria focuses on
noncooperative strategic interaction. After completing our analysis, we learned of an article by
Habermeier (1992) containing a model with a structure similar to our own. Habermeier analyzed the
model numerically for special cases, focusing on the question of whether one firm will permanently
dominate the market. This question does not arise in our model because of a technical assumption
on demand. See note 6.

5Independent work by Salant (1991) shows market dominance is self-reinforcing in a model with
deterministic demand and stochastic learning. Budd, Harris, and Vickers (1993) analyze increasing
dominance in a duopoly in which short run profits are a function of a one-dimensional state variable
that measures the extent to which one firm is “leading” the other. Their abstract model is more
about R&D competition than learning curve competition, but it does have similarities: the market
evolves uncertainly and the equilibrium concept is Markov perfection. They prove that if the future
is discounted heavily, market evolution is governed by a “joint profit effect,” i.e., increasing
"dominance obtains if greater asymmetry between firms increases joint profits. They also identify
other effects that are of lower order importance when the future is discounted heavily but may be
significant otherwise.
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which, in turn, increases the probability of exit, and (iii) such predatory pricing
might be socially beneficial. We also show that predatory and nonpredatory
equilibria can coexist, and prices below marginal cost need not indicate a
predatory intent except for a mature incumbent.

The sequel is organized as follows. Section 2 presents our model and
characterizes a unique and symmetric Markov perfect equilibrium. Section 3
presents our results about market dominance, and Section 4 presents our results
about predatory pricing. Section 5 discusses some normative implications of the
learning curve hypothesis, and Section 6 concludes by summarizing and indicat-
ing some open directions for future research.

2. THE GENERAL MODEL

Consider a price-setting, differentiated duopoly selling to an infinite sequence
of heterogeneous buyers. In each period, a buyer demands at most one unit of
the good from one of the two firms. We assume a sale always occurs and denote
by x the premium a buyer is willing to pay for firm 2’s product. The “preference
parameter” x varies across buyers and is not observed by the firms. However, it
is common knowledge that buyers’ preference parameters are independently
and identically distributed according to a differentiable cumulative distribution
function F(x). Let f(x) denote the corresponding density function. We make
several simplifying assumptions.

AssumpTION 1: (@) f(x)> 0 on the real line;5 (b) f(x) is differentiable;’ (c)
f(x) is symmetric about zero; (d) H(z) = F(x)/f(x) is increasing.

Assumption 1(d) has an interpretation in the context of a one-period, asym-
metric-cost Bertrand model. Let c¢; be the cost of firm 1. If P=p, —p, is the
price differential, then F(P) is the probability that firm 1 makes a sale, and
p1/H(P) is the price elasticity of expected demand for firm 1’s product. The
first-order condition for firm 1 is p; — H(P) = ¢,. The assumption implies that,
given p,, firm 1’s expected marginal revenue decreases as a lower p, increases
expected sales.?

It will be useful to introduce some additional notation which also has an
interpretation in the one-shot model. Let C=c,—c; be the cost difference
between firm 2 and firm 1. Subtracting firm 1’s first-order condition from
the corresponding expression for firm 2 yields P+ G(P)=C, where G(x)=
H(x) — H(—x). This is an equilibrium condition determining the price differ-
ence as a function of the cost difference. Moreover, substituting firm 1’s

SWith a bounded support, it is possible that one firm will dominate the market permanently
(Habermeier (1992)). Assumption 1(a) eliminates this possibility.
"The assumption that f(x) is differentiable matters for Lemmas B.2 and E.2.
More precisely, define for firm 1 the expected quantity g = F(P), the inverse demand curve
¥(q)=p,— F~1(q), and the revenue function R(q)=(q)-q. Marginal revenue, R'(g)=¢(q) +
¥'(q) - q, is decreasing if 0> 2- ¢'(q) + ¢"(q) - q = —[1 + H'(P)1/f(P).



