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1. INTRODUCTION

Perhaps the most fundamental decision in product positioning is that
of differentiation versus standardization. The latter refers to a posi-
tion similar to competition; the former is the offering of uniqueness.
Clearly, the decision to position a product close to competition (or
away from it) predicates many other decisions, and has significant
consequences for production, marketing, and long-term market per-
formance of the product. Even though the issue is extensively treated
in textbooks (e.g., Kotler, 1991; Porter, 1980} and is an important
element in marketing models of competition (for an extensive review,
see Eliashberg and Chatterjee, 1985, and Moorthy, 1985), it remains a
hotly debated topic. When should a differentiation strategy be pur-
sued? Under what conditions would standardization be better?

Obviously, the issue is not merely an empirical question. Ad-
vancement in theory is also called for. This is not to suggest that the
problem of differentiation/standardization is currently devoid of theo-
retical approaches. In fact, the opposite is true. Ever since the publica-
tion of Harold Hotelling's paper, “Stability in Competition,” in 1929,
there has been a steady stream of research in economics on the nature
of competition in terms of standardization/differentiation. Recently,
marketing scholars have also made contributions (Carpenter, 1989;
Hauser and Shugan, 1983; Moorthy, 1988). Most of this work has
followed a game-theoretic approach.

We aim to continue this tradition. We also hope to add to it by
incorporating somewhat more realistic assumptions than have previ-
ously been the case and by examining several different competitive
situations. Specifically, we allow for consumer heterogeneity and in-
corporate the notion of unobservable attributes influencing consumer
choice. We consider a linear utility loss caused by consuming a prod-
uct away from the ideal point. Further, two scenarios are investigated:
positioning under exogenously given prices and positioning under
price competition. When prices are given, the n-firm case is examined;
positioning with price competition is analyzed in the context of
duopoly.

Overall, we have strived to move the investigation toward
added realism, which, of course, is important in its own right. What
matters more, however, are the results from utilizing less stringent
assumptions. In this case, our results are noteworthy: Previous find-
ings are either overturned or amplified in the sense that a cogent case
can now be made for minimum differentiation along the observable
attribute despite the flaw in Hotelling’s original formulation and the
general opposition from previous literature. Previous research is re-
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plete with evidence on the failings of the principle of minimum ditfer-
entiation; yet we are able to restore this principle under both exoge-
nously given prices as well as price competition. The conduit here is
the unobservable attribute. We no longer require firms to be fully
informed about which attributes consumers use in making their
choices. When firms are uncertain enough about predicting choices,
they will tend to pursue a strategy of minimum differentiation.

Before we summarize the literature on this subject, it will be
helpful to clarify the idea of observable versus unobservable attributes
and their implications for demand and profit in a formal model. Subse-
quently, we examine the literature on positioning under exogenously
given prices, which does not support minimum differentiation. We
submit our proof to the contrary, that is, a positional equilibrium
exists at the market center under sufficient consumer heterogeneity
along the unobservable attribute. Next, we analyze positioning with
price competition in a two-stage game framework. Again, we review
the literature (which does not support minimum differentiation) be-
fore a formal investigation. We show the existence of price equilib-
rium in pure strategies (under sufficient consumer heterogeneity
along the unobservable attribute) in the second stage of the game. In
the first stage, equilibrium positions are investigated. The complexity
of this problem requires numerical computations, but the support for
the principle of minimum differentiation remains.

2. OBSERVABLE AND UNOBSERVABLE ATTRIBUTES IN
MODELING THE CONSUMER

We assume a market where there are n brands, and consumers pur-
chase one unit of product per period. Consumer tastes are heterogene-
ous and characterized by two attributes (or perceptual dimensions), X
and Y. The first attribute, X, represents characteristics observable to
the firms. This attribute is modeled in the standard Hotelling (1929)
paradigm. Different tastes across consumers on the attribute are de-
scribed in terms of different ideal points (Coombs, 1950). It is as-
sumed that there is a continuum of consumers uniformly distributed
on the interval I = [0,1] with differing tastes. As Lancaster (1979, p.
47) points out, while such a distribution is empirically rare, it provides
a background in which parametric varjations of more immediate inter-
est and importance can be investigated. That is, the assumption of
uniform tastes has the advantage of eliminating the effect of nonuni-
formity of tastes as a possible explanation of equilibrium product
positioning (Moorthy, 1988). A nonuniform taste distribution (e.g.,
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unimodal or bimodal) may lead to standardizing or differentiating
(Neven, 1986), and confounds the effect of competition, which is
what we wish to analyze.

Because the attribute is observable (known) and measurable by
the firms, they are able to position their products strategically on this
attribute. It is assumed that consuming a product away from the ideal
point along the observable attribute incurs a linear utility loss. Specifi-
cally, when a consumer with ideal point x € I consumes product i
containing the attribute level x, € I, the consumer utility is reduced by
8lx; — x|, where & > 0 is the importance weight associated with the
observable attribute (Wilkie and Pessemier, 1973).1

The second attribute, Y, represents the characteristics that are
unobservable or unmeasurable to the firms but considered by consum-
ers in choosing a product. Unobservability of the attribute generates
uncertainty in predicting choices on the part of the firms. Choices are
affected not only by judgments but also by situational factors that make
prediction difficult (Hogarth, 1987). Consumer variety seeking also
complicates firms’ ability to predict (McAlister, 1982). In addition,
some consumer-specific characteristics may not be fully observable or
measurable even with marketing research and may cause further diffi-
culties in predicting choices (Bass, Jeuland, and Wright, 1976). The
uncertainty may result from the firms’ lack of knowledge about con-
sumer behavior and preferences in evaluating ideal points and utility
loss (Manski, 1977). Although the observable attribute may account for
a significant portion of heterogeneous preferences, the firms may mis-
take these diverse preferences for heterogeneity along the unobserv-
able attribute caused by faulty marketing knowledge and research
skills. The attribute Y captures these unpredictable choice hetero-
geneities resultant from situational, variety seeking, consumer-specific
characteristics, and the firms’ lack of marketing knowledge.

A consumer of type y € R on this attribute has valuation e(y) of
product i, which is unknown to the firms. We assume that there is no
correlation between these two types of attributes. Therefore, in con-
suming product i, a consumer of type (x,y) obtains the following
(indirect) utility:

U(x,y) = Rx) — p, — 8lx; — x| + efy) (1)

1. Alternatively, consumer utility can be modeled using a quadratic utility loss as in
d’Aspremont et al. (1979). However, the nature of the problem remains the same even
in the quadratic case, and we obtain fundamentally identical results. A detailed formal
investigation in the quadratic case is available from the authors upon request.
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where R(x) is a positive constant and may be interpreted as gross
benefits that a consumer of type x can obtain from the observable
attribute in consuming a unit of the product and p, is the price charged
by firm i.

Because ¢,(y) is unknown to the firms, the firms are limited in their
ability to predict each consumer’s choice. Firms can only have access to
information regarding the consumer utility on the observable attribute.
The utility along the unobservable attribute, ¢,(y), may be viewed as the
realization of a random variable €,.2 Therefore, the best the firms can do
is to evaluate the probability that a consumer of type x on the observ-
able attribute chooses one product over another. The probability Pr(x)
that a consumer of type x will purchase product i is

Prx) = PrlUfx,y) = U{x,y); all j # i].

The probabilistic choice model was developed as a stochastic utility
model based on Luce’s (1959) choice axiom (i.e., the multinomial logit
[McFadden, 1974]) and Thurstone’s (1927) law of comparative judg-
ment (i.e., the multinomial probit [Daganzo, 1979]). Anderson et al.
(1988) proved that the multinomial logit can be derived from an
entropic utility function in the representative consumer approach of
Dixit and Stiglitz (1977) and Spence (1976). It is also shown that gen-
eral probabilistic choice models may be derived from a population of
heterogeneous consumers where their valuations of the unobservable
attributes are assigned some distribution (e.g., logistic or normal)
(Anderson, de Palma, and Thisse, 1989). The interpretation is that the
probabilistic choice model may represent both a particular consumer
who tries various brands over a long period of time and heterogene-
ous choices within a consumer population. Because the behavioral
support for such probabilistic choice is more compelling than for a
deterministic one (Schmalensee and Thisse, 1988), the probabilistic
choice model has been widely applied in various marketing studies
{e.g., Guadagni and Little, 1983; Kamakura and Srivastava, 1986; and
Punj and Staelin, 1978, to mention a few).
For a duopoly, the probability Pr(x) becomes

Pr{x)=Prle=p,—p, + dx, — x| — 5|xj -],

2. An alternative interpretation of ¢; is that of a random disturbance in the stochastic
ideal point model (DeSoete, Carroll, and DeSarbo 1986): & = x + ¢, where # is the ideal
point revealed in choice, x the ideal point measured in marketing research, and ¢ the
disturbance representing the randomness of the ideal point locations. This interpreta-
tion explains the case in which consumers show unstable ideal points.
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where € = €; — €. The choice probability is monotonically increasing
with respect to utility along the observable attribute. In order to com-
pute choice probabilities, the firms need to specify a distribution func-
tion for e. The normal distribution is an obvious candidate due to the
central limit theorem. It, however, does not yield a tractable form for
the choice probability. On the other hand, it is well known that the
logistic distribution closely approximates the normal and also pro-
vides a closed-form expression for the choice probability (Ben-Akiva
and Lerman, 1985).

We assume that € has a logistic distribution with mean zero and
standard deviation 7o/V3. Hence, o > 0 can be viewed as measuring
the degree of uncertainty due to consumer heterogeneity along the
unobservable attribute.? When o = 0, consumer tastes are homoge-
neous along the unobservable attribute, but heterogeneous along the
observable attribute. Consumers patronize the product closest to their
tastes on the observable attribute as in Hotelling (1929). Therefore, the
firms can correctly predict each consumer’s choice with the distance
between the ideal point and the firms’ positions on the observable
attribute. As consumer heterogeneity increases along the unobserv-
able attribute, the firms predict each consumer’s choice with less cer-
tainty. That is, the probability of correct prediction decreases. If con-
sumer tastes are very heterogeneous along the unobservable attribute
(o~ =), the firms cannot predict consumer choices. The firms will get
identical choice probabilities of 1/n over the entire market.

3. PROFITS AND DEMANDS

We will analyze profits and demands in the context of duopoly. It is
assumed that the firms are risk-neutral and noncooperatively maxi-
mize their profits. Each firm offers one product. The firms compete on
price and position on the observable attribute, X. Without loss of
generality, firm 7 is assumed to position to the left of firm j. When firm
{ positions at x; and firm j at x; on the observable attribute, where x; =
x,, the intervals [0,x], [x,x], and [x; 1] are named regions L (Left), C
(Center), and R (Right), respectively. We assume that both firms have
identical cost structures. This assumption allows us to rule out the
trivial case in which product differentiation arises from technological
differences between the firms (Moorthy, 1988). Marginal costs are

3. o may also be viewed as the importance weight associated with the unobservable
attribute. We implicitly assume that the firms access the same information so that they
model ¢ in the same manner.
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constant and normalized to zero. Fixed costs are not considered in
this paper.

When € follows a logistic distribution with mean zero and stan-
dard deviation 7o/V3, the choice probability Pri(x) that a consumer of
type x in the region k will purchase product i is as follows:

Pri(x) = { 1+ exp [ R B ) ]}1 ,

o

pi—p;+ 82x — x;,— X)) ]}71

o

Pri(x) = { 1+ exp [

_ o -1
Pri(x) = { 1+ exp [p, i +05(x1 *) ]} )

Figure 1 illustrates the choice probability in three regions. Note
that Pri(x) = 1 — Pri(x) and that the probability of purchasing product
i or j is invariant in x over regions L and R. Because

c
aPT,‘ (x) <

ox 0,

the choice probability is monotonically decreasing for product i,
whereas it is increasing for product j in region C. Further,

BZPT,-C(X)Z —pt+82x ~ x; — x) ]_1}-

Sign PP Sign { exp [ Pi =

The inflection point of Pri(x) is at

c=NtX% _Pop
2 26

Pré(x) (Pr’f(x)) is strictly concave (convex) over x; = x < £, and strictly
convex (concave) over £ < x < x,. Consumers to the left of the inflec-
tion point have a higher probability of purchasing product i, whereas
consumers to the right have a higher probability of purchasing prod-
uct j. A consumer at the inflection point has identical probabilities of
purchasing either product (ny(f) = %) Further, an increase in price by
firm i moves the inflection point toward the left, whereas price in-
crease by firm j moves it toward the right.

As 8 approaches zero, the choice probability becomes a binary
logit:

exp [—p/o]
p [=p/o] + exp [-p/o]

Pr{x) = ox
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FIGURE 1. THE CHOICE PROBABILITY THAT A CONSUMER IN
EACH REGION WILL PURCHASE A PRODUCT FROM FIRM T OR J.

Because

8—13% z 0 for x Z X,

the choice probability becomes flatter at Pr(x) = 3 as the degree of
uncertainty (o) increases. Figure 2 illustrates the effect of o on the
choice probability. When o = =, the choice probability of either prod-
uct is 3, and both firms always expect half of the market, regardless of
positions and prices. On the other hand, as o approaches zero, the
probabilistic choice becomes a deterministic one (as in Hotelling,

1929):

=

lif x =
Pr‘(x):{Oifx>

Consumers always purchase the product with maximum utility along
the observable attribute. Hence, all consumers to the left of the inflec-
tion point patronize product i, and all consumers to the right patron-
ize product j.

Given that consumer tastes are uniformly distributed on the
observable attribute X € I, each firm’s expected demand is as follows:

=>

1 PrR(x) dx

1

Q = fx'Pr,#(x)dx+f

X

" PrE(x) dx + f

X
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FIGURE 2. THE EFFECT OF CONSUMER HETEROGENEITY ALONG
THE UNOBSERVABLE ATTRIBUTE ON THE CHOICE PROBABILITY.

=axi+b(1—xj)+(xf—xi)*§(%ln(%)

Q - J Pri(x) dx + f" PrC(x) dx + J'l Pr(x) dx

0 X,

1 i

=1-Q,
where
— — _— -1
a= { 1+ exp [ Pi P o-a(XI X)) ]}
— — -1
b= { 1+ exp [ PP +08(x’ %) ]} .

Each firm’s market share is equivalent to its demands in the normal-
ized consumer market. Under the assumption of constant (zero) mar-
ginal costs, the expected profits are:

I, =pQ; and I, =pQ. 2)

The expected profits are continuous functions of position and price
over the strategy set, I X %?, as long as o > 0.
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4. PRODUCT POSITIONING UNDER EXOGENOUSLY
GIVEN PRICES

Price has often been regulated by governments to protect consumers
and small competitors from dominant firms and to provide politically
effective interest groups with benefits.* Price regulation has been
documented in the following industries: airlines (Schmalensee, 1977),
trucking (Mentzer and Gomes, 1986), railroads (Boyer, 1977), insur-
ance (Ippolito, 1979), natural gas (MacAvoy and Pindyck, 1973), tele-
communications (Marks, 1988), milk (Ippolito and Masson, 1978), ca-
ble TV, etc. Firms sometimes tacitly fix price or follow the price set by
a dominant firm to alleviate competition in oligopolistic markets.
When price competition is restricted, whether voluntarily or by gov-
ernment regulations, firms actively engage in nonprice competition.
We review the literature on product competition under exogenously
given prices and examine the impact of consumer heterogeneity on
product positioning,.

It is broadly accepted in marketing that consumers consider not
only price but also various attributes in choosing a product (Wilkie
and Pessemier, 1973). When consumer tastes are heterogeneous on
those attributes, some consumers would prefer to buy a product
from one seller over another even though the preferred seller may
charge a higher price. When price competition is restricted, product
differentiation based only upon those attributes thus leads to non-
price competition.

Optimal product positioning (or product design) under heteroge-
neous consumer tastes has been examined in the Hotelling paradigm
(de Palma et al., 1985, 1987, 1989; Eaton and Lipsey, 1975; Hotelling,
1929; Lerner and Singer, 1937; Prescott and Visscher, 1977). Lerner and
Singer (1937) incorporates nonprice competition into the Hotelling
framework with an attribute that consumers consider in choosing a
product. Consumers prefer to consume close to their ideal points. Un-
der the assumption of inelastic demand, the “principle of minimum
differentiation” emerges as an equilibrium when two firms charge iden-
tical prices: The firms position at the market center with an infinitesi-
mal distance between them. This is so because the proximity of the

4. There are two main theories of economic regulation: “public interest” and “cap-
ture” theories. In public interest theory, economic regulation is thought of as resultant
from the response to the demand of the public for the correction of inefficient or
inequitable market practice. Capture theory, on the other hand, holds that regulation is
caused by the demands of interest groups struggling among themselves to maximize
the benefits of their members. For more details, see Joskow and Noll (1981).
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other firm has no negative effect on price (which is exogenously given).
Hence, each firm increases profits as it approaches the competitor’s
position. If the firms position at noncentral locations (with an infinitesi-
mal distance between them), the firm on the smaller side of the market
has an incentive to choose a position next to the competitor on the
larger side (“leapfrogging”). This prevents any pair of noncentral posi-
tions to be an equilibrium. When the firms position at the center with
an infinitesimal distance between them, neither firm has an incentive
to deviate. Hence, clustering at the market center is the only “noncoop-
erative” positional equilibrium (see Proposition 1). It is formally de-
fined as follows: Given prices p; = p;, a positional equilibrium (or
positional-Nash equilibrium) is a pair x} and x} such that

Hi(x}*, x/*) = IL(x,-, x]’-*), Vx,€[0,1], ij=12andi#].

This definition can be extended easily to the case of n firms competing
in position.

The principle of minimum differentiation suggests offering identi-
cal products (i.e., a“me too” strategy) under exogenously given prices.
This principle has been confirmed by several studies in marketing (Car-
penter, 1989; Hauser, 1988; Hauser and Shugan, 1983). With respect to
the “Defender Model” (Hauser and Shugan, 1983), Hauser (1988) has
recently analyzed a variety of equilibrium implications. He finds sup-
port for minimum differentiation under the assumption of identical
and constant prices. Carpenter (1989) also suggests minimum differen-
tiation under exogenously given prices. Incorporating advertising and
promotion as well as positioning in a two-dimensional market, he
claims that offering identical products can be optimal if price competi-
tion is restricted and consumer preferences are unimodal.

Minimum differentiation is, however, questionable in a variety
of competitive environments as shown in Table I. In general, the
literature on product competition under given prices does not support
minimum differentiation. The principle is valid only for duopoly un-
der the assumption of inelastic consumer demand.> The principle of
minimum differentiation is, nevertheless, restored in a general n-firm
case with the incorporation of consumer heterogeneity on the unob-
servable attribute (even when given prices are different). Intuitively, if
taste heterogeneity increases along the unobservable attribute, con-
sumer choice is relatively more dependent on the unobservable attri-
bute. Although a product is close to the ideal point on the observable

5. For a more extensive review on product positioning in the Hotelling paradigm,
see Jaskold Gabszewicz and Thisse (1986).
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attribute, a consumer will prefer another product that generates a
greater utility from the unobservable attribute. Firms may have an
incentive to capture those choice heterogeneities (because of the unob-
servable attribute) across the entire market by positioning at the mar-
ket center. A formal investigation is presented below.

PROPOSITION 1: Given any positive prices, p; . . . p,, there exists a
positional equilibrium at the market center, Xy = . . . = x} =3}, provided that
o= §
=5

In the case of identical prices, the equilibvium positions are always at the
market center for any o = 0 whenn = 2.

Proof. see Appendix1. 0O

The condition given by Proposition 1 is sufficient. It can easily be
shown that equilibrium positions are not necessarily at the center for
n = 3 (even with identical prices) or n = 2 (with different prices) for
lower values of o (o < §/2).

Proposition 1 shows that, even in the general n-firm case, an ag-
glomerated positional equilibrium at the market center exists under
sufficient consumer heterogeneity along the unobservable attribute.
Under the assumption of identical prices, de Palma et al. (1985) present
a sufficient condition for the existence of the agglomerated equilibrium
at the center. It has also been shown that dispersed equilibrium posi-
tions under insufficient heterogeneity along the unobservable attribute
converge at the market center as ¢ increases (de Palma et al., 1987).
That is, congruent with the earlier intuition, each firm prefers to differ-
entiate its product at a quasi-monopolistic position on the observable
attribute when faced with low levels of taste heterogeneity along the
unobservable attribute (de Palma et al., 1987). If consumer heterogene-
ity increases along the unobservable attribute, firms will reap the gain
by shifting the market center. As shown in Proposition 1, however, the
given prices need not be identical to yield these results. Aslong as price
competition is precluded and consumers show sufficient heterogenei-
ties along the unobservable attribute, the firms will position at the mar-
ket center and the principle of minimum differentiation will prevail.

5. PRODUCT POSITIONING WITH PRICE COMPETITION IN A
DuoPOLY

When both position and price are strategic variables, competition is
usually analyzed in a two-stage game framework (d’Aspremont et al.,
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1979; Economides, 1984, 1986; Moorthy, 1988). In the first stage, the
firms simultaneously determine position on the observable attribute
X. After having observed each other’s position, the firms set price
simultaneously in the second stage. The reasoning is that adjusting
price is generally easier than changing position. Because price can
easily be adjusted depending on product position, the firms anticipate
the impact of their positions on the resulting price competition when
choosing a position on the observable attribute. Hence, backward
induction is employed to obtain equilibrium positions and prices.
Specifically, in the second stage, equilibrium prices are obtained non-
cooperatively taking positions as given. In the first stage, the firms
choose positions on the observable attribute taking into account explic-
itly the equilibrium prices determined in the second stage.

Before investigating the impact of consumer heterogeneity along
the unobservable attribute on positional equilibrium (under price com-
petition), we briefly review the literature on the homogenous case.®
The principle of minimum differentiation fails to hold in a two-stage
game framework (d’Aspremont et al., 1979). If the firms position close
to each other, there is no price equilibrium in pure strategies under
the assumption of linear utility function. In the last decade, vast
amounts of research have been conducted in order to resolve the
problem of nonexistence of an equilibrium in pure strategies under
relaxed and altered assumptions.” The research can be classified into
two streams: modifying (a) the assumptions on consumer utility and
tastes distribution, and (b) firms’ entries and reactions (the rules of
the game). Main contributions are summarized in Table II.

Previous attempts only consider consumer heterogeneity along
the observable attribute and not along the unobservable attribute.
They suggest product differentiation under various assumptions on
consumers’ and firms’ behavior. Minimum differentiation leads to
cutthroat price competition and erodes profits. However, the princi-
ple of minimum differentiation is fully restored under sufficient het-
erogeneity along the unobservable attribute even in a two-stage

6. For a more extensive review on monopolistic competition (Chamberlinian para-
digm) and product differentiation (Hotelling paradigm), see Lancaster (1990).

7. An equilibrium in mixed strategies does exist even under the original assump-
tions of Hotelling (1929) (Dasgupta and Maskin, 1986b). Nonexistence of an equilibrium
in pure strategies is due to the violation of the continuity and quasi-concavity condi-
tions of profit function. For such discontinuous profit functions as in Hotelling’s (1929),
there exists an equilibrium in mixed strategies (Dasgupta and Maskin, 1986a). Although
an equilibrium in mixed strategies describes firms’ competitive reactions, it has limita-
tions in suggesting an optimal product design and price. Hence, from a marketing
perspective, the normative value of a mixed strategy equilibrium is limited.
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game. Intuitively, as consumer choices are increasingly affected by
the unobservable attribute, consumers depend less on price when
choosing a product. Undercutting competitors’ prices is unprofit-
able. The firms may be better off in a quasi-monopolistic position
(i.e., offering distinct products). As taste heterogeneity further in-
creases along the unobservable attribute, choices become more de-
pendent on consumers’ valuations of producers along the unobserv-
able attribute. Whereas price competition and differentiation on the
observable attribute become relatively less important, the choice
heterogeneities caused by consumers’ diverse valuations along the
unobservable attribute (which are unknown to the firms) increases
over the entire market. Hence, the firms may position at the market
center to capture those heterogeneities. A formal investigation in
the case of duopoly is presented below.

We begin our analysis with price competition given the firms’
positions. Price equilibrium is defined, and the effect of heterogeneity
along the unobservable attribute on equilibrium prices is investigated.
In the subsequent section, we will define positional equilibrium while
considering price equilibrium in the second stage. We examine the
effect of heterogeneity along the unobservable attribute on the equilib-
rium positions.

5.1 PRICE COMPETITION
Given x; and x;, a price equilibrium is a pair of prices p} and p} such that
(! plx,x) = Hp,pix,x), Vp; = 0,4, j=1,2 and i # j,

where 11, is defined by eq. (2). The following result establishes the
existence of price equilibrium in pure strategies when consumer
choices are sufficiently heterogeneous along the unobservable attri-
bute.

PROPOSITION 2: Given any pair of positions x; and x; along the observable
attribute, there exists o® = 0 such that, for any o = o*, there is a unique price
equilibrium.

Proof. See Appendix2. O

When o = 0, d"Aspremont et al. (1979) have shown that price
equilibrium (in pure strategies) does not exist when two firms position
near each other. The firms engage in a price war where at least one firm
undercuts its rival’s price to capture the entire market. In the case of
identical positions, x; = x;, the firms trap themselves into a Bertrand
situation in which they sell perfectly homogeneous products and retain
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C —

no market power: pf = pf = 0 (i.e., profit margins are zero). If the firms
position symmetrically in the market, x; = 1 — x,, equilibrium fails to
exist when the positions are distinct but inside the first and third
quartiles. When the firms’ positions are outside the quartiles, there
exists a price equilibrium such that pf = p¥ = & (d’Aspremont et al.,
1979). This implies that, as the importance weight 6 increases, con-
sumer choices become more dependent on product differentiation
along the observable attribute than price. Hence, the firms can charge
higher prices and earn greater profits.

A small amount of consumer heterogeneity along the unobserv-
able attribute is not sufficient to prevent a price war. Figure 3 provides
the values of ¢* that are required to obtain a price equilibrium in the
case of symmetric positions. o is zero when x; and x; are outside the
quartiles (0 < x; = 0.25) or when x; = x; (= 0.5).

In the case of symmetric positions, given sufficiently large o,
equilibrium prices can be obtained from the first-order conditions:

o o [exp (0) + 1
PEZ P ™ 4x, exp() + (a75) [exp(26) — 1]

where

8
6= p (1 - 2x)
It can easily be shown that the equilibrium prices are increasing for &
as in the case of o = 0. The sensitivity of the equilibrium price regard-
ing ¢ is more interesting: There exists & such that

Ipr < S

e S 0 for oz 6

This implies that, when o is not sufficiently large (but large enough to
guarantee the existence of the equilibrium), an increase in consumer
heterogeneity along the unobservable attribute leads to lower prices.
This seems counterintuitive because a large omay be viewed as increas-
ing product differentiation along the unobservable attribute, which, in
turn, might increase prices. In fact, increases in 8 and o generate the
same effect because both refer to (different types of) attributes. How-
ever, given product differentiation on the observable attribute, if o is
not sufficiently large (o < §), each firmloses market powerin its market
(along the observable attribute) and tends to invade its rival’s market
by lowering price. This counteractive force defeats the effect of product
differentiation on the unobservable attribute and lowers equilibrium
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0 0.25 0.50 z; (=1-g;)

FIGURE 3. THE VALUES OF ¢* FOR THE EXISTENCE OF
SYMMETRIC PRICE EQUILIBRIUM IN PURE STRATEGIES.
SYMMETRIC PRICE EQUILIBRIUM EXISTS FOR a = o*.

prices. On the other hand, when o is sufficiently large (o > &), the
product differentiation effect (along the unobservable attribute) domi-
nates, and the firms have more leeway to post higher prices.®

Because dp}/éx; < 0, p} decreases as the “distance” between the
firms” positions on the observable attribute decreases. If x;, = x; = 3,
equilibrium prices become pf = pf = 20, which is equivalent to the
price equilibrium where products are not differentiated on the observ-
able attribute (Anderson and de Palma, 1992). Because the sensitivity
analysis is straightforward, we can safely conclude that the unex-
pected effect of o on the equilibrium price is due to the interaction
between the observable and unobservable attributes.

8. In the case of quadratic utility loss, dp!/do is always positive. The difference in
the impact of o on the equilibrium price in the cases of linear and quadratic utility loss
reveal the importance of the consumer preference structure on price formation. Al-
though intuition suggests that decreasing equilibrium price for o may not be the rule,
careful empirical studies should be pursued in order to gain further insights about the
relevance of the two models considered.
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5.2 POSITIONING COMPETITION

As shown in the previous section, under sufficient heterogeneity
along the unobservable attribute, there exists a unique price equilib-
rium in pure strategies given any pair of the firms’ positions, x; and x;.
Equilibrium prices, pf(x;,x;) and pf(x,x,), are functions of these posi-
tions. When we substitute prices in the firms’ profits with the equilib-
rium prices, the firms’ profits are solely determined by positions, x;
and x;:

Hi(xuxjrpf [a.x], pf [xx]) = 7 (x,x)
‘ljj(xillep? [, x ] pf [xx]) = I (x;, x)).

Hence, we obtain a noncooperative positional equilibrium, (xj*,x}*),
such that:

() = I (x, %),  YxEL ij=12andi*].

Note that the firms’ profits depend only upon positions. This implies
that, when choosing a product position, the firms anticipate the price
equilibrium that will arise at any chosen pair of positions. In particu-
lar, firms are aware that price competition will be more intense as two
positions get closer. In game-theoretic terms, this means that we need
to look for a subgame perfect Nash equilibrium.

Because the firms’ profits are determined by positions in the
positioning game, the first-order conditions with respect to positions
provide equilibrium positions (if any) as well as corresponding equilib-
rium prices. However, the complexity of this problem makes it diffi-
cult to find an analytical solution. We therefore resort to numerical
computations. The profits of the firms are computed with a grid size
of 1072 for 0.01 = ¢/6 = 2.00.°

The following results are obtained.

PROPOSITION 3:

(a) If 0.06 < o/8 < 0.76, there is no center equilibrium, but symmetrically
dispersed equilibria do exist.
(b) If0.76 = a/6 < 1.47, there are both center and dispersed equilibria, but

9. For each case of 0/, equilibrium prices are computed with a grid size of 107 for
0.000 = x; = x; and x; = x; = 1.000. Specifically, given x; and x;, price equilibrium is
obtained via the Newton-Raphson method. The firms® profits and the first derivatives
of profits with respect to x; and x; are computed and checked with equilibrium prices to
find a positional equilibrium.
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the center equilibrium is not trembling hand perfect.
(c) If 0/ = 1.47, there is an equilibrium only at the market center.

Figure 4 describes the three intervals. There is no positional equi-
librium for low values of o (i.e., 0 = 0/8 < 0.06) because price equilibria
do not exist. Thatis, when consumer heterogeneity along the unobserv-
able attribute is negligible, the firms correctly predict each consumer’s
choice. The firms engage in cut-throat price competition. In the interval
0.06 = 0/6 = 0.76, there exist only symmetrically dispersed equilibria.!®
The implication is that increasing taste heterogeneity along the unob-
servable attribute reduces consumers’ weights on the observable attri-
bute and price in product choice. Hence, price undercutting is unprofit-
able. However, the increase in the heterogeneity is not sufficient to
render price competition and differentiation along the observable attri-
bute ineffective. In equilibrium, the firms offer differentiated products
to increase the market power. When 0.06 = ¢/8 = 0.30, as o increases,
dispersed equilibria move toward the edges of the market. Differentia-
tion on the observable attribute is maximized when /6 = 0.30. As o
increases in the interval 0.30 = ¢/8 = 0.76, the dispersed equilibria
move toward the inside of the market. This result is consistent with our
expectations. As consumer heterogeneity increases along the unobserv-
able attribute, choices become more dependent on the unobservable
attribute and less on price and the observable attribute. Hence, market
opportunities from the increased choice variations and diminishing
competition on price and the observable attribute force the firms to
differentiate their products less on the observable attribute.

In the interval 0.76 = ¢/8 < 1.47, both center and dispersed
equilibria exist. The center equilibrium, however, is not trembling
hand perfect (Selten, 1975). This equilibrium can exist only under the
condition that there is zero probability of choosing a noncentral posi-
tion.”! On the other hand, as ¢ increases, dispersed equilibria con-
verge at the market center. At ¢/6 = 1.47, there is only one equilib-
rium and it is at the center of the market. This implies that when there

10. There are two dispersed equilibria for the firm 7’s position to the left and the
right of firm j.

11. In the numerical computation, when x{x) is fixed at the center, 1I*(II}) de-
creases as x,(x;) moves away from the center. This implics that neither firm has an
incentive to move away from the center (subgame perfect Nash equilibrium). On the
other hand, if x; is an infinitesimal distance from the center (10’3), Il increases as x;
moves away from the center. That is, a small possibility of decision error (trembling
hands) forces the firms to leave the center equilibrium. The equilibrium at the market
center no longer exists.
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Position

0.835

0.5

0.165

= %

0.30 0.76 1.47

FIGURE 4. EQUILIBRIUM POSITIONS WITH RESPECT TO o/é.

are sufficient consumer heterogeneities along the unobservable attribute, the
firms want to position at the market center to capture those heterogeneities
across the entire market .12

In equilibrium, both firms have identical prices, profits, and
market shares. In general, as consumer heterogeneity increases along
the unobservable attribute, the firms can charge higher prices and
earn greater profits because consumer choices depend less on price.
In the interval ¢/8 = 1.47, equilibrium prices and profits will increase
linearly. At the center equilibrium, the firms charge identical prices at
20, and make identical profits of ¢ (as in a binary logit duopoly).
When 0.76 = ¢/ = 1.47, the dispersed equilibrium produces higher
prices and greater profits than the center equilibrium. Prices and prof-
its are at their lowest at /8 = 0.16. When ¢/8 is less than 0.16, equilib-
rium prices and profits decrease as o increases. This is probably due
to the assumption of linear utility loss.

We can easily infer the effect of & reflecting the effect of product
differentiation along the observable attribute. A small value of & im-
plies that consumers pay little attention to the distance between an
ideal and a product position on the observable attribute. Consumer

12. A quadratic utility function does not fundamentally alter the positional equilib-
rium; it only simplifies some of its features. A general discussion in the quadratic case is
available from the authors upon request.
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heterogeneity along the unobservable attribute, then, has relatively
large effects. As 8 increases, consumer choices are more dependent
on the observable attribute. Hence, the effect of consumer heterogene-
ity along the unobservable attribute is alleviated, and positions tend
to diverge from the center.

6. SUMMARY AND DISCUSSION

Hotelling introduced a spatial dimension in the analysis of strategic
positioning to avoid cut-throat price competition. His finding suggests
product standardization-—an agglomeration of competitors at the mar-
ket center. This has come to be known as “the principle of minimum
differentiation.” Discontinuities in demands, however, eliminate the
possibility of a Nash equilibrium in pure strategies. Starting with the
1937 paper by Lerner and Singer, research has continued to point out
that equilibrium positions are typically different from those implied by
Hotelling’s principle. For example, positioning in distinct segments
(i.e., product differentiation) is often desirable from the firms’ view-
point because of reduced vulnerability to price cutting. In practice, this
would indicate a trend toward more segmentation—not less. Yet, simi-
lar products are also often observed in the marketplace.

There have been a handful of attempts to account for standard-
ization (de Palma et al., 1985; 1987). But, as discussed earlier, all of
these studies have relied upon rather limiting assumptions. In lieu of
the fact that the lion’s share of past research views the principle of
minimum differentiation as flawed, our contribution is the restoration
of this principle under more realistic assumptions than what has previ-
ously been done.

When price competition is restricted (even in the case when exoge-
nous prices are competitively chosen), consumer heterogeneity along
the unobservable attribute leads to positive profits and minimum differ-
entiation on the observable attribute. Note that our finding is not neces-
sarily limited to the case of duopoly or to the case of identical prices.
Even in the case of n-firms with unequal prices, taste heterogeneity
along the unobservable attribute forces each firm to position close to
the competition (on the observable attribute). When the firms are free
to set both price and position in duopoly, a Nash equilibrium in pure
strategies is found at the center of the market when consumer heteroge-
neity along the unobservable attribute is sufficiently large. Both firms
position at the market center and charge identical prices. On the other
hand, under insufficient heterogeneity along the unobservable attri-
bute, our results agree with past research that argues in favor of differ-
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entiation. That is, we obtain consistent results under both exogenously
given prices as well as price competition.

These results may explain why there is such a degree of stan-
dardization in regulated industries. Under taste heterogeneity along
the unobservable attributes, the firms in those industries may be bet-
ter off positioning close to the competition on the observable attri-
butes. When the firms become deregulated, they are exposed to price
competition, which may force the firms to differentiate their products
if those heterogeneities are not large enough to produce equilibrium
positions at the market center. Examples are found in airlines (Bauer,
1987), motor carriers (Mentzer and Gomes, 1986) and telecommunica-
tions industries (Marks, 1988). However, if those heterogeneities are
sufficiently large, we expect that even deregulation may not yield
product differentiation on the observable attribute. Each firm will
remain close to the competition.

The implications of our findings are intriguing and to some ex-
tent paradoxical. As noted earlier, firms have difficulty predicting
consumer choices as tastes along the unobservable attribute become
more heterogeneous. It is then desirable for the firms to offer a prod-
uct similar to the competition on the observable attribute. This implies
that when consumers look for more differentiation along the unob-
servable attributes (i.e., implicit differentiation), the firms respond to
consumers’ requests by decreasing strategic differentiation on the ob-
servable attributes. Hence, the degree of strategic differentiation de-
creases when the degree of implicit differentiation increases. The op-
posite is true when taste heterogeneity along the observable attribute
is more salient in product choice: Firms can predict consumer choices
with some degree of accuracy and, therefore, capitalize on the known
taste heterogeneity among consumers. The firms then differentiate
their products in order to capture those heterogeneities on the strate-
gic (observable) attribute as well as to avoid price competition (if price
is a strategic variable). That is, decreasing implicit differentiation will
lead to increasing strategic differentiation. In other words, there is a
trade-off between the two types of differentiation: implicit versus stra-
tegic differentiation (except for relatively low values of 474).

The unknown attribute (or group of attributes) plays an impor-
tant role when consumers seek variety or when consumer choices are
more dependent on situational influences and consumer-specific char-
acteristics that are unknown to the firms. The degree of uncertainty
(o) in predicting choices then increases because of the unknown attri-
butes. In addition, the uncertainty also increases when the firms are
relatively ignorant about consumer behavior and preferences. Under
these circumstances, we would expect more standardization on the
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strategic attribute. Decreasing strategic differentiation for greater im-
plicit differentiation may, however, yield a lower level of consumer
satisfaction for the firms’ offerings. As the firms’ uncertainty (o) in-
creases, equilibrium positions approach each other along the strategic
attribute, and equilibrium prices increase. Hence, the aggregate con-
sumer utility loss!® over the entire market increases. It has been
shown in consumer satisfaction research that satisfaction is expressed
as a function of not only prepurchase expectations but also post-
purchase perceived performance of the product. (For an extensive
review, see Yi, 1990.) Although more theoretical and empirical re-
search needs to be pursued, it would seem that consumer utility loss
is inversely related to consumer satisfaction. Under this conjecture,
increasing consumer utility loss may cause a lower level of consumer
satisfaction.

Recent empirical findings seem to support this reasoning. Con-
sumer satisfaction has been found to be lacking in markets where
buyer tastes are heterogeneous and the supply is standardized (For-
nell, 1992). A plausible explanation for standardization is the lack of
knowledge about consumer preference diversity on the part of the
firms. Although a significant portion of the heterogeneous prefer-
ences may be captured on the strategic attribute, firms seem to treat
those diverse preferences as heterogeneous tastes along the un-
known attributes because of lack of marketing knowledge and re-
search skills. If this is true, there may be significant gains for the
firm that breaks away from the mold by reducing the level of uncer-
tainty with respect to the unknown attributes. Such a reduction in uncer-
tainty may be accomplished through marketing research. Although
the evidence is far from clear, this is consistent with what seems to
occur in banking, automobile dealerships, airlines, and insurance
industries, to mention a few. From a fairly standardized set of offer-
ings often coupled with low consumer satisfaction, at least some
firms in these industries are now using more marketing research and
seem to be moving toward differentiation. As the firms become more
proficient in countering uncertainty, minimum differentiation will no
longer be optimal. As a result, aggregate consumer satisfaction may
also increase.

Our findings may seem to fly in the face of the typical textbook

13. A consumer of type (x,1) bears the utility loss, p; + 8|x; — x| + e(y) in consuming
a unit of product i. The aggregate consumer utility loss is defined as the integral of
individual consumer utility losses (in consuming their chosen products) over the entire
market.
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advice that different tastes should be met by differentiation and seg-
mentation. However, the intuition behind our results is straightfor-
ward: Unless consumer tastes are heterogeneous and reasonably pre-
dictable, standardization on the strategic attribute will pay off because
firms try to capture those heterogeneities across the entire market. On
the other hand, decreasing degree of strategic differentiation may
lead to a lower level of consumer satisfaction because the discrepancy
between what they desire and what they obtain becomes larger. Mar-
keting research should be conducted in order to better understand
consumer behavior and preferences and to improve the level of con-
sumer satisfaction.

In conclusion, it seems appropriate to provide some caveats.
Our results are limited in several respects. They are confined to the
case of duopoly for the investigation of positioning with price competi-
tion (two-stage game). From de Palma et al.’s (1987) results, however,
we conjecture that the effects will be the same when there are more
firms in the market. We also assume a consumer model in the
Coombsian (1950) sense following the tradition of Hotelling (1929).
The effects could also be analyzed when consumers have a quality
(e.g., Jaskold Gabszewicz and Thisse, 1979; Moorthy, 1988; Shaked
and Sutton, 1982) or a combined type utility model (e.g., Neven and
Thisse, 1990). Although past research on firms’ quality decisions sug-
gests differentiation (Moorthy, 1988; Shaked and Sutton, 1982), Rhee
(1989) has shown that under sufficient heterogeneity along the unob-
servable attributes, competing firms will produce similar quality prod-
ucts (which is consistent with the results of this paper).

APPENDIX 1

Proof of Proposition 1. Whenx, = x; = ...=x,=1and x, <3, firm
1’s expected profit is
H1=p1[a”x1+%+%(1—2x1)—2£61n(%)] (A1.1)
where
. : p-p) _ 8 . _ ]}1
a'= { 1+ exp [ = o (1 - 2x)
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From the profit function, we obtain
[5E(E+S)2+U(E2— DE+S9(1+SE)

—28E(1+ SE®? xl] (AL12)

) | .
Sign 2%, = Sign
where

d —p 8
Szgzexp[’ﬁa___p’] and EEexp[Z(l—bcl)].

The market center is an equilibrium if aII,/3x; > 0 for 0 = x; < 3.
This condition is satisfied if the lower bound of eq. (1.2) is positive.
When o = /2,

SE(E+ 5P+ a(E2—1)(E+ S)(1+ SE) — 28E (1 + SE? x,
> SE(E + S)* + 3(52 - 1) (E + S) (1 + SE) — 28E(1 + SE)® x,

- g{E{l T 4x1)} St + {(E‘* - 1) +4F2 (1 — 2x1)} S
+ E{ 3(E2-1)+2(1- 2xl)}] (A1.3)
Equation (A1.3) is always positive for 0 = x, < jregardless of S because
1+E(1-4x)=0 if %sl.

Therefore, the sufficient condition for an equilibrium at the market
center is

NI
g

o=

APPENDIX 2
Proof of Proposition 2. If 8 = 0 in the linear case, firm i's expected
profit is

-~ _ pl’
1. = . A2.1
=1+ explip, — p)io] (A2.1)

The profit function is strictly quasi-concave in p; for any p; (Anderson
and de Palma, 1992). At the price equilibrium, pf = p = 20, we have
#I/3p? < 0. It is assumed that p, p; € [0, Y] where Y is consumer
income. Note that the marginal costs are normalized to zero. Hence,
firm #’s best reply function, R(p;), is continuous over [0, Y]. By continu-
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ity, there exists a region C, C [0, YJ* over which &’Il/ap} <0,V p, p, €
Co- By definition, R(p) is interior to C,. (We can always choose a
sufficiently large Y.) Define C, where d[1/dp, > 0. Similarly, C, is de-
fined as a region over which l1/dp; < 0. Therefore, the three regions,
Cyr C, and G, form partitions of [0, Y]?, thatis, C, U C, U C, = [0, Y]~
Figure A.1 illustrates these three regions.

Given that the profit function I, [defined by eq. (2)] is continu-
ous and twice differentiable with respect to 8, there exists a suffi-
ciently small ¢; such that, for any 8 € [0, €],

911,
— <
P 0 forp, p; € C,

%’I’>O(<0)forpl-,pl,EC1(EC2).

The previous conditions imply that I, is strictly quasi-concave in p,
over [0, Y] for 8 € [0, €]. By the same procedure, it follows that /I is
strictly quasi-concave in p; over [0, Y] for § € [0, ¢]. Therefore, the
existence of price equilibrium emerges for € < min[e;, €] (see Fried-
man, 1990).

We can easily show that the slopes of the best reply functions

P2

Ryi(p2)

J2!
FIGURE A.1. THREE REGIONS, C,, C,, AND C, OF [0, Y.
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R(p;) and R(p,) corresponding to I1, and 1, [defined by eq. (A2.1)] are
strictly smaller than 1 over [0, Y]. By continuity, the slopes of the best
reply functions R(p,) and R(p;) are strictly smaller than 1 over [0, Y] for
8 € [0, €] if € is sufficiently small. This guarantees uniqueness. 0O
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