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FLEXIBLE MANUFACTURING, UNCERTAIN
CONSUMER TASTES, AND STRATEGIC ENTRY
DETERRENCE*

MyYONG-HUN CHANG

This paper investigates the strategic use of “flexible manufacturing”
technology as an entry-deterring mechanism. It is shown that, when
consumers’ tastes fluctuate probabilistically, an incumbent threatened
with potential entry installs flexible manufacturing technology for a
larger set of probabilities that consumers’ tastes will change, than the
perfectly protected monopolist. The differential probability sets represent
the intent of the monopoly incumbent strategically to use product-design
flexibility for deterring entry into the potential market and maintain its
dominance under fluctuating consumer tastes. This purely preemptive
flexibility is shown to exist under reasonable assumptions on the firms’
payoff structure.

I. INTRODUCTION

IN RECENT years, global competition has taken on a new dimension: flexibility
in manufacturing (Jaikumar [1986], Dertouzos et al. [1989]). In the face of
fast-changing consumers’ tastes, the outcome of competition seems to be
heavily influenced by the degree of flexibility in manufacturing, which allows
the firms to adapt quickly to the changing environment. While the issue of
flexibility has been addressed by several economists in the past, it is notable
that the bulk of the literature is limited to the type of flexibility that deals with
fluctuation in demand for the output of a single homogenous product.’

While production volume flexibility remains an important aspect of
modern manufacturing, recent academic research has been increasingly
directed toward the type of flexibility that can be classified as “product-design
flexibility”. Product-design flexibility is mainly pursued by producers in order
to adapt quickly to consumers’ changing tastes by switching between different
product designs with relative ease.> Consequently, the optimal degree of

* am grateful to Ed Bell, Joe Harrington, David Majerus, Vijay Mathur, Kali Rath, and the
seminar participants at Case Western Reserve University for their comments and suggestions on
an earlier version of this paper. Comments of Lawrence White and the anonymous referees
greatly improved the content of this paper. I have also benefitted from a discussion with Bo
Carlsson on the general topic of flexible manufacturing. This paper was presented at the Midwest
Mathematical Economics Conference held at IUPUI, October 25-27, 1991 and the Eastern
Economic Association Conference, March 25-27, 1992. I am solely responsible for any remaining
errors.

1 See Stigler [1939], Sheshinski and Dreze [1976], Mills [1984], and Vives [1986, 1989].

2For example, see the discussion by Milgrom and Roberts [1990] of GM plants in the
automobile industry and of Benetton in the garment industry.
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product-design flexibility is a function of the variability in consumer tastes.

With perfectly stable consumer tastes, competitiveness of a firm depends on
the extent of scale economies realized in the production of a single
homogeneous good.® Typically, in this environment, the manufacturing
technology entails a mass production system that is dedicated to producing
the desired product. However, in markets where consumers’ tastes fluctuate
frequently, commitment to such a dedicated manufacturing system could
prove to be disastrous. A good example of the negative consequence of
commitment to dedicated manufacturing is Ford Motor Company’s tran-
sition from the Model T to the Model A. Henry Ford’s production of the
Model T entailed extensive use of highly dedicated technology, which was
devoted to producing a large volume at a low cost. While mass production via
dedicated technology boosted volume and profits in times of stable consumer
taste, it was unable to accommodate model changes necessitated by the
eventual shift in public taste coupled with Chevrolet’s entry into the market.
The extent of the inflexibility in its production facilities was so great that the
transition from the Model T to the Model A took over a year, during which
period all of Ford’s manufacturing plants had to be closed down for retooling
and redesigning (Rae [1984]; pp. 61-63).

Flexibility in manufacturing serves two distinct purposes (Fine [1990]).
The first is purely economic: it hedges against the uncertainty in future market
conditions. (See Carlsson [1989], Fine and Freund [1990], Milgrom and
Roberts [1990]. For a “real options” approach to flexibility, see Mason and
Merton [1985] and Pindyck [1988].) The second is strategic: interactions
among firms and agents generate incentives to be flexible in efforts to
influence each other’s behavior (see Kulatilaka and Marks [1988], Roller and
Tombak [1990], Chang [1992], and Fine and Pappu [1990]). One of the
important issues that arises frequently in analyses of strategic firm behavior is
that of entry-deterrence. However, it has never been addressed in the context
of flexible manufacturing with uncertain consumer tastes.* When a shift in
consumer tastes is expected in the future with a positive probability, an
incumbent enjoying the monopoly position in the current market must be

31 am implicitly assuming that consumers’ tastes are homogeneous. Thus, multi-product firms
are ruled out.

4 One exception is Réller and Tombak [forthcoming], which looks at the timing of entry with
multiproduct technologies. However, their modelling framework is different from mine. Their
model describes flexible manufacturing as a firm’s capability to produce more than one product
in a differentiated products market, when the preferences of consumers are assumed stable and
stationary. Specifically, they utilize the multiproduct demand functions based on the
representative consumer model of product differentiation. Different products are offered because
consumers value diversity. Firm’s technology decision is then a choice between a single product
operation and a multiproduct operation. In my model, the principal aim is to address the
intertemporal flexibility aspect of manufacturing technology, which enables the firm to respond to
changes in consumer preferences, fashion trends, and overall market environments. Consumers
are assumed to have homogeneous tastes as a group at any given time, but their tastes tend to
fluctuate probabilistically from one period to another.
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concerned about the possibility of an outsider’s entry into the potential
market. It is then straightforward that the initial choice of flexibility would to
some degree reflect the incumbent’s desire to keep entrants away from the
potential market: by maintaining additional flexibility, it commits itself to
redesigning the product in the event consumer tastes change, thereby
reducing the outsider’s incentive to enter the potential market. If and when
the potential market is realized in actuality, the incumbent maintains its
monopoly position over the new product.

The purpose of this paper is to build a stylized model of flexible
manufacturing and analyze the entry-deterrence issue in a sequential game
between an incumbent and a potential entrant. The ultimate goal is to prove
that for relevant parameter values, the incumbent indeed holds flexibility in
excess of that which it would hold in the absence of entry possibility. This
excess flexibility—the “zone of strategic flexibility”—serves no other purpose
for the incumbent but to deter entry into the potential market. The existence
of strategic flexibility is seen to depend upon the probability of a shift in taste,
the acquisition costs of technology, and the cost of switching production from
one product to another.

The paper is organized as follows. In SectionII, the model of flexible
manufacturing is described. In Section ITI, we examine the optimal choice of
flexibility by a monopolist who is perfectly protected from the threat of
potential entry. The outcome of this section serves as a benchmark in
evaluating the choice of flexibility by an entry-deterring incumbent.
Section IV analyzes the game of entry and derives the subgame perfect
equilibrium. The equilibrium choice of flexibility is then compared to that of
the protected monopolist in Section ITI. Section V concludes the paper.

II. THE MODEL

Let us define a set, X, of products that can be produced with existing
technology. While X could realistically contain a large number of products,
we shall limit our analysis to the two-good case so as to keep it simple and
tractable: X = {A4,B}. Thus, there are only two potential products, 4 and B.

All consumers are identical, and they either prefer 4 to B or B to A at any
given time. The degree to which one product is preferred over another is
assumed to be exogenous.

There are two periods in the game. In period 1, the tastes of consumers are
such that everyone prefers A over B. In period 2, with probability f consumer
tastes will remain in favor of A, and with probability 1-B, they will switch to
product B. (8,1-8), thus, captures the ex ante uncertainty over what future
consumer tastes will be in an intertemporal setting.

Production technology is such that a firm may choose either a flexible
technology (FT) or a dedicated technology (DT). The investment into the
manufacturing technology is irreversible, once made. FT allows the firm to
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convert its production process from one mode to another at zero switching
cost. In other words, given that the firm currently produces A, having an FT
enables the firm to switch to production of B costlessly if necessary. DT, on
the other hand, is designed specifically for only one of the goods. If a firm
needs to convert a DT designed for product A to producing B, it must incur
the (one-time) fixed cost of switching, f > 0. The switching cost entails
anything from that of simply resetting the current equipment for changes in
product specification to that of completely retooling and redesigning factories
and retraining workers. While FT offers a higher degree of flexibility than DT
by making it easier for firms to switch between products, there is a cost to
having this flexibility. The one-time acquisition cost (C) of FT is higher than
that (C,) of DT; ie. Cy > C,;. We further assume that the marginal cost of
production is the same for both technologies. This assumption has been used
by Roller and Tombak [1990]. A justification is given by Fine and Pappu
[1990] that most of the variable costs in highly automated manufacturing
systems are material costs.

The basic structure of the entry game is as follows. In period 1, given the
consumer taste of 4, the incumbent makes an investment decision as to the
level of flexibility in manufacturing technology by choosing from {FT,DT}.
Once the production technology is installed, the incumbent chooses the
product from {4,B} and earns monopoly profits in period 1. In the beginning
of period 2, the new consumer taste is revealed. Upon observing the
incumbent’s technology and the new customer taste, the potential entrant
makes its entry decision.’ If entry occurs, the incumbent and entrant
simultaneously choose products and make duopoly profits.® If entry does not
occur, the incumbent chooses a product from {4,B} and once again enjoys the
monopoly profits. If the consumer taste in period 2 differs from that in
period 1, then the incumbent has the option to continue to produce its
existing product rather than change its product to offer the more desired
version of the consumers. By continuing the existing product, the firm makes
lower sales profits than if it offered the more desired product. But it also saves
the cost of redesigning the product. Note that FT has no value to the
incumbent in our model, if the switching cost of production is sufficiently low
that f < (1/0)(Cx—C.) = f,, where 9 is the discount factor. Hence, we shall
restrict our attention to only those values of f > f,.

In order to concentrate on the issues of technology and product choices
without having to specify any particular pricing strategies, I use the following
reduced form payofs:

5This assumes that the entry process is relatively quick and does not require prior
committment.

6 Note that an entrant always chooses DT in this two-period setting. Flexibility has no value to
the entrant, since the second period is the terminal period. This asymmetry in the choice of
technology between the incumbent and the entrant will tend to diminish as the horizon is
lengthened.



