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Abstract
This paper examines the e¤ect of competition on …rms’ e¤orts to experiment and learn about market demand. Consumers are assumed to know
prices only at sellers they have actually visited, but must bear search costs
to …nd the prices of other sellers. Under these conditions we show that …rms’
incentives to experiment are diluted by comparison with the monopoly case
and that this e¤ect is stronger the smaller the search cost. The learning
environment we portray gives rise to several time paths which have been empirically documented, including penetration pricing, cream-skimming and
cyclical pricing.

1. Introduction
This paper studies dynamic equilibrium price formation when …rms are imperfectly informed about demand but can increase their information by experimenting with prices. The optimal behavior of a single optimizing agent (a monopoly
seller) in this setting is already well understood (e.g., Prescott [22], Grossman et.
al. [16], McLennan [19], Easley and Kiefer [12], Aghion et. al. [1]): Experimentation can increase future expected pro…ts by generating valuable information about
market demand. On the other hand, by distorting the price away from the myopically optimal level, experimentation sacri…ces current pro…ts. The monopoly’s
optimal strategy must balance this current cost against the expected future pro…ts
from additional information.
The objective of this paper is to determine the e¤ect of competition on the
equilibrium level of experimentation and learning. We explore this issue in the
context of search markets where …rms’ uncertainty about demand is paralleled
on the consumer side by uncertainty about prices. More speci…cally, we consider
markets in which consumers are only informed about the prices of stores they
have actually visited but must bear search costs to verify prices at other stores.
The cost of search is a natural measure of competition in this setting, the market
being considered as more competitive the lower the cost of consumer search.
The main conclusion we reach under these circumstances is that competition
leads to less experimentation and learning and to lower prices. This occurs because
equilibrium prices diverge, which induces consumers’ search. This forces …rms to
lower their prices (so as not to lose sales), and this dilutes …rms’ incentives to
experiment in the …rst place. We identify two channels through which this force
operates.
The …rst channel, termed the “public good” aspect of experimentation, is operative to the extent that information learned from experimentation is publicly
observable. That promotes a tendency for only one …rm at a time to experiment
with relatively high prices while its competitors contemporaneously adopt a more
conservative stance and stick with ”safer”, lower prices (which consumers are more
likely to accept), pending the revelation of new information. But this generates
price dispersion between …rms, encouraging consumer search. That, in turn, lowers the value of learning more about demand and leads to less experimentation, an
e¤ect which tends to be more pronounced the lower the cost of consumer search.
The second channel through which learning is reduced stems from the opposite
consideration, namely, the extent to which …rms are not informed about each
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others’ market experience - the “private good” aspect of experimentation. The
more private information gleaned from experimentation is, the more likely it is
that di¤erent …rms will reach di¤erent conclusions about the underlying state of
demand, even if their initial assessments were identical. Price dispersion occurs
then as a result of di¤erent sellers reaching di¤erent conclusions about demand.
As above, this increases the consumers’ incentive to search for a lower price in the
(realistic) expectation that competing sellers may have formed more pessimistic
beliefs about market demand and a consequent preference for lower prices. And,
as above, increased search reduces experimentation and learning.
Thus, both the public good and the private good aspect of experimentation
act to dampen learning and dilute market power. Rothschild [27] has referred
to the possibility that a single optimizing agent may, as a result of a chain of
unlucky experiences, incorrectly arrive at an unduly pessimistic conclusion about
its environment, as the “persistence of error.” In our setting, competition compounds this phenomenon; the lower the cost of search, the less …rms learn, and
the greater the probability of settling into an erroneous belief. When the cost of
search is small enough to eliminate experimentation altogether, the probability of
error becomes a certainty.
Our work thus provides an important link between the experimentation and
learning literature, on the one hand, and the equilibrium search literature on the
other (e.g., Butters [8], Reinganum [23], Carlson and McAfee [10], Burdett and
Judd [7], Rob [25], Fishman and Fershtman [13]). Of particular relevance is the
comparison to Diamond’s [11] result, that a small market friction on the demand
side (a small search cost ) leads to monopoly prices even if there are many sellers
o¤ering the same product. Our work shows that the addition of uncertainty on
the supply side (…rms uncertain about demand) serves to erode this monopoly
power. The net result is that prices are more competitive once uncertainty is
admitted on both sides of the market.
There are several other literatures to which this paper relates. One literature is
the signal-jamming literature, which includes Riordan [24], Fudenberg and Tirole
[15], Aghion et. al. [2], Mirman et. al. [20], [21]. In that literature …rms learn
about market demand (as they do in our framework) when each …rm can a¤ect—
through the choice of prices—the extent of learning by the other. However, the
signal-jamming literature takes the demand side as exogenous and given, whereas
here consumers decide strategically where to buy, and …rms’ pricing policies can
a¤ect consumers’ decisions.
Also related to this paper is the work on informational externalities. See,
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for example, Rob [26], Caplin and Leahy [9], Zeira [30], Harrington [17], Bolton
and Harris [6] and Banerjee and Fudenberg [4]; and the related work on herd
behavior and information cascades, for example Bikhchandani et. al. [3]. That
literature emphasizes the private and social usefulness of observing others’ actions
(or market information, in general) and the resulting possibility of market failures
(due to the fact that …rms don’t ”pay” for the observations). While some of these
ideas come into play here, the main di¤erence is the endogeneity of consumer
behavior, and the related e¤ect of price dispersion.
Another literature to which this paper relates is the marketing literature on
price dynamics of new products (see Mahajan et al [18] or Shapiro [28]). That literature classi…es price paths into penetration pricing, cream-skimming and cyclical
pricing. All these paths are feasible in our framework, although they arise here
from the dynamics of learning and experimentation and not from price discrimination or introductory o¤ers (as in the marketing literature).
The paper proceeds as follows. The following section analyzes a model of
noisy demand. To unravel the public and private good e¤ects of search on experimentation, we separately analyze equilibrium experimentation and learning under
two opposing informational regimes. Under the …rst, …rms are perfectly informed
about each other’s past prices and sales so that whatever is learned by one …rm
is publicly available to its competitors.. Under the second informational assumption, experimentation is a fully private good; each …rm quotes prices secretly (e.g,
law or consultancy …rms) so that an individual …rm knows neither its competitors’
past sales nor past prices (though it perfectly knows its own price and sales history). We show that under both regimes, lower search costs lead to less learning
by …rms. In section 4 we analyze a special example of fully deterministic demand.
In this example, …rms reach a de…nite conclusion about demand in …nite time,
which subsequent market experience never reverses. The analysis of this example
yields further results about the qualitative properties of the time-path of prices
(e.g., whether they increase, decrease or cycle over time). Section 5 concludes.

2. The Model
The market opens at an in…nite number of discrete time periods and includes two
in…nitely-lived, risk-neutral …rms which produce a homogenous product at zero
marginal cost, and compete in prices. One consumer arrives at each …rm in each
period. Consumers have either a low valuation or a high valuation for the product.
A low-valuation consumer values a unit at uL and a high-valuation consumer at
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uH ; uH > uL . The probability that a randomly selected consumer has a high
valuation is ae. The …rms know uL and uH but not the true value of ae: Speci…cally,
from the …rms’ perspective, ae is a random variable which can assume one of two
values: aL or aH ; 1 > aH > aL ¸ 0: We refer to aH as the high-demand state
and to aL as the low-demand state. The realization ai (i = L; H) of ae remains
constant through time. We assume the non-trivial case, aH uH > uL > aL uH : This
implies that uH is the monopoly price under aH while uL is the monopoly price
under aL ; so that learning about the true value of ae is potentially valuable.
Denote the …rms’ prior probability (in advance of any market participation)
that ae = aH by ½0 , i.e., ½0 ´ Pr(ae = aH ); and let ½ be the subsequent posterior
(which depends, of course, on subsequent information). Consumers are assumed to
know both the state of demand (aL or aH ) as well as their own realized willingness
to pay (uL or uH ):1
Upon entering the market, a consumer is randomly matched with one of the
two …rms, whose price she costlessly observes. She must, however, pay a search
cost of s > 0 to learn the price of the other …rm and buy from it. If she learns
the price of both …rms, she can buy from either one (i.e., search is with recall). If
she observes the same price at each …rm, one …rm is chosen randomly (and with
equal probabilities). A consumer knows the calendar date – the number of periods
which have elapsed since the market opened– and the …rms’ prior probability, ½0 ;
but not the current posterior probability of any …rm (nor its price or sales history).
It is well known that if …rms are perfectly informed about demand, the fact
that all consumers have positive search costs, however small, implies that the
unique equilibrium price for the duopoly is the monopoly price (Diamond, 1971).
This will not be the case for our imperfectly informed …rms, as is shown below.

3. Analysis
3.1. Monopoly Experimentation
The analysis of the monopoly problem provides a convenient reference point. If the
monopolist sets his price equal to uL no new information is generated, since that
price is accepted by both low and high-valuation consumers. By contrast, if the
price is above uL ; a sale increases the likelihood of aH while failure to sell increases
1

This suppresses the (seemingly intractable) case where consumers indirectly learn from
sellers’ prices about other consumers’ demands and, therefore, about what other sellers may
have learned.
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the likelihood of aL . Therefore charging more than uL is called ‘experimentation’.
An experiment is called a ‘success’ if it ends in a sale and a ‘failure’ otherwise.
Given the prior, ½; a sale at a price greater than uL updates the belief in aH to:
½aH
RY (½) =
;
(3.1)
½aH + (1 ¡ ½)aL
while failure to sell at that price updates the belief in aH to:
RN (½) =

½(1 ¡ aH )
;
½(1 ¡ aH ) + (1 ¡ ½)(1 ¡ aL )

(3.2)

where ”Y” and ”N” correspond to the consumer buying and not buying, respectively. Clearly, RY (½) > ½ > RN (½):
Let V (½) be the value function—the monopoly’s expected discounted pro…t
from following the optimal pricing rule when its current belief in aH is ½. As
noted above, uL cannot provide information. Therefore, if it is ever optimal
to stop experimenting – i.e., to charge uL – then uL remains optimal at every
uL
future date. Thus the value of charging uL is
: On the other hand, if the
1¡±
monopoly experiments, the continuation value depends on whether the experiment
is a success or a failure. Thus
uL
; ½e[uH + ±V (RY (½))] + (1 ¡ ½e)±V (RN (½))g;
(3.3)
V (½) = M axf
1¡±
where ± 2 (0; 1) is a discount factor and ½e ´ ½aH + (1 ¡ ½)aL :
The following is a well known result. (See Berry and Friedstedt 1985, p. 38)

Proposition 0: The optimal pricing rule for the monopoly is characterized by a
cuto¤ value -call it ½¤ - so that uH is optimal– V (½) = ½e[uH + ±V (RY (½))] + (1 ¡
uL
½e)±V (RN (½))¡ if ½ > ½¤ ; and uL is optimal — V (½) =
¡ if ½ < ½¤ :
1¡±

To avoid the trivial cases we assume that 1 > ½0 > ½¤ . Since ½0 > ½¤ , it
is optimal for the monopolist to experiment at least once and, since 1 > ½0 ,
it is optimal to stop experimenting if the evidence that comes in is su¢ciently
unfavorable.
The determination of ½¤ re‡ects not only the impact of pricing on the current
payo¤ but also its potential e¤ect on future pro…ts. More speci…cally, let
½m ´

(uL =uH ) ¡ aL
:
aH ¡ aL
6

(3.4)

½m is the myopically optimal cuto¤ point: uL (uH ) maximizes the one-period
expected pro…t if ½ < ½m (½ > ½m ). ½m ignores, however, the impact of experimentation on f uture pro…t. As a consequence, ½¤ < ½m , implying that when
½ 2 (½¤ ; ½m ) the monopolist charges uH although uL is myopically optimal.
3.2. Duopoly Experimentation when Information is a Private Good
We now turn to the analysis of duopoly pricing and experimentation. As promised
in the introduction, we shall analyze the duopoly scenario under two di¤erent
information regimes. In this subsection it is assumed that whatever a …rm learns
about demand is its private information. More speci…cally, it is assumed that
prices are quoted secretly to consumers. Thus each …rm is fully informed about
its own price and sales history but is ignorant of the price and sales history of its
competitor.
This assumption may seem extreme and in some contexts it is indeed not the
most realistic. There are, however, many instances in which this assumption is
realistic. One instance is where the product is customized to consumers’ needs.
A classical example is where the product is a turbo-generator and the customer is
an electric utility. In this instance, the product and its price are adjusted to the
buyer’s speci…c needs, which makes it di¢cult to ascertain (or interpret) prices
at rival …rms.2 Another instance is when the “product” is a service, e.g., legal or
consultancy services. Here, again, the service and the price vary from customer
to customer (either because of the nature of the service or because of the customer’s willingness to pay), and are not public information. A third instance is
where the …rm produces a whole variety of products, which makes it di¢cult to
assemble detailed information about individual prices. For example, AT&T recently went to Federal court to demand that its chief rivals in the long distance
business disclose their prices in public …lings with the government. According to
the New York Times (Feb 11, 1993, page D5), “Information about prices charged
by competitors can be invaluable in any …eld. But it is particularly so in telecommunications where the array of services purchased by big corporations come in so
many di¤erent combinations that it is often di¢cult for a company to discern the
pricing strategy of its rivals without hard information.” The same article quotes
the president of AT&T’s Business Communications services division as saying ”I
2

This case has been extensively discussed in the oligopoly literature (see Stigler (1964)),
asserting that the di¢culty of obtaining reliable price information would lead to the instability
of collusive arrangements.
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have to spend an enormous amount of money to …nd out what’s happening in the
market place”. In accordance with these examples, we now assume that prices
and sales histories are private information.
We con…ne attention to pure strategy Markov equilibria (PSME) - equilibria
in which (i) Prices are chosen deterministically and (ii) Prices depend only on
variables which a¤ect pro…ts directly, and not on ’irrelevant’ past history3 . In our
setting, these variables are the …rm’s current belief about demand, as summarized
by its posterior probability, and the consumers’ search behavior.
To appreciate the e¤ect of demand uncertainty on competition, consider the
benchmark case in which …rms are perfectly informed (i.e., they know ae with certainty). As remarked above, for any s, the unique equilibrium price for a duopoly
…rm is then identical with that of the monopoly: uH if ½ > ½¤ and uL if ½ < ½¤ .
Since the …rms’ uncertainty about demand applies only to prices above uL , that
logic directly implies:
Lemma 1: The duopoly price is never less than uL .
An immediate consequence of lemma 1 is that low-valuation consumers who
are charged more than uL leave the market without search: Since no …rm charges
less than uL , the expected return from costly search can only be negative.
As it turns out, however, demand uncertainty does a¤ect the prices with which
the duopoly experiments. In fact, it will turn out that, depending on the cost of
search, a duopolist may be unable to charge uH no matter how high a probability it
assigns to aH . The reason is that when a …rm – as a result of a favorable market
history – charges more than uL , there is every possibility that its competitor,
having experienced a less favorable history, has formed a more pessimistic belief
and is simultaneously charging uL . This possibility creates price dispersion in
the market and provides the high-valuation consumers an incentive to search, in
proportion to the search cost, s. We refer to this incentive as the search e¤ect.
If the search e¤ect is su¢ciently strong (i.e., if s is su¢ciently small), even highvaluation customers will not accept uH without search. Accordingly, we denote
by pt · uH the highest acceptable price to a high-valuation consumer at period
t. Our main result below is that for su¢ciently low s and for a su¢ciently large
t, pt <uH .
In analyzing this case note that high-valuation consumers’ incentives to search
3

The history is relevant if …rms are trying collude by means of punishment strategies which
depend on past behavior. However, our focus here is on experimentation and not on collusion.
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may depend on what they know about the true state of demand: If consumers
know that ae = aL ; their inducement to search is stronger than under ae = aH
since they consider it more likely that an unsampled store has already reached
a pessimistic conclusion and is consequently charging a low price. Therefore,
the pricing policies of …rms will have to account for potentially divergent search
behavior by di¤erent high-valuation consumer ‘types’ (here ‘types’ means highvaluation consumer who know aL or aH ). The next lemma deals with this issue.
Lemma 2: In any PSME for the duopoly, at any period, the price charged
by …rms is such that high-valuation consumers (uH ) of either type (aL or aH ) do
not search.
Proof: We argue by contradiction. Assume that some equilibrium price, pt ,
triggers search. Let ¼ t be the probability that a …rm’s price at period t is uL
and let 1-¼ t be the probability that its price is pt . (This is the belief held by one
…rm about the other, given its own sales history). Since a …rm can be visited by
an uninterrupted sequence of t uH -customers with positive probability (at least
½atH ), we must have ¼ t < 1. Then a …rm which charges p t makes the sale to a
high valuation consumer with probability 0.5(1-¼ t ) and loses the sale with probability 1-0.5(1-¼ t ) (if buyers observe the same price at both …rms they choose one
at random). By reducing its price to p t - ", it makes a sale with probability 1
when its rival charges p t . Thus the deviation changes its expected pro…t from
0.5(1-¼ t )p t to (1-¼ t )(p t -"), which represents an increase if " is su¢ciently small
(here we use the fact that ¼ t < 1). When the consumer does not show up or his
valuation is uL , the two prices yield equal revenue (zero). Hence, pt ¡ " gives an
expected pro…t higher than p t :
Furthermore, " can be chosen su¢ciently small that any consumer who was
searching under pt continues to search under pt -". The reason is that the reservation price of such consumer must have been strictly below pt which means that
an ‘intermediate’ price between pt and the reservation price can be found. Since
consumers continue to search under pt ¡ ", the deviating duopolist gains revenue
and does not lose information. So he is better o¤ with pt ¡ ", which means that
pt was not an equilibrium strategy in the …rst place.
This ‘pooling’ result establishes that any price which is charged in equilibrium is accepted by high-valuation consumers (whether ae = aL or ae = aH ). A
fortunate consequence of this fact is that the updating of information along the
duopoly path is the same as along the monopoly path for prices above uL . The
9

duopoly and monopoly paths may di¤er only with respect to the prices above uL
that may be charged, and in the consequent incentive to experiment. Therefore
we con…ne attention to equilibria with the following properties.
A PSME for the duopoly consists of three sequences, fpt ; qt ; ½*t g1
t=1 ; where:
(i) pt is the highest price which high-valuation consumers accept without
search.
(ii) ½*t is the cuto¤ posterior probability so that …rms’ price policies are:
pt =

(

pt if ½t¡1 > ½*t
uL ½t¡1 < ½*t ;

where ½t¡1 is the posterior after a t ¡ 1 period long sales history (½t is, of course,
a random variable at any ¿ < t);
(iii) qt = Prob (½e¿ ¡1 < ½*¿ for some ¿ · t j ae = aL ), i.e., the probability that
a …rm has reached a pessimistic conclusion at any time before t– conditional on
ae = aL . Since qt covers all periods up to t, the sequence (qt )1
t=1 is increasing.
Such that:
(E.1) Consumers search optimally4 :
pt = min(uH ; uL +

s
):
qt

(3.5)

(E.2) Firms maximize their expected pro…ts:
V (½; t; p) = Maxf

uL
; ½e[pt + ±V (RY (½); t + 1; p)] + (1 ¡ ½e)±V (RN (½); t + 1; p)g;
1¡±
(3.6)

where V (½; t; p) is the duopolist’s value function5 , p = (p1 ; p2 ; :::) is the sequence
of maximum prices and t is calendar time: The maximum above is attained by
the …rst (second) term when ½ < ½*t (½ > ½*t ):
We can now state and prove:
4

Given that each …rm’s price is uL with probability qt , the price which makes the consumer
s
indi¤erent between accepting pt and searching is uL + :
qt
5
We abuse notation here since V was previously used to denote the monopoly value function
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Proposition 1: There exists an s¤ > 0, so that for s < s¤ : (i) The maximum price along any PSME duopoly path is lower than uH from some date T
and onwards; pt < uH for every t ¸ some T . (ii) The cuto¤ posterior probability,
above which the duopolist experiments and below which it charges uL , is higher
than that of the monopoly, at each period: ½*t > ½¤ ; t ¸ 1; thus, a dupolist experiments less than a monopolist:
Proof: Let R(½; r; t); ½ ¸ ½¤ ; be the posterior on aH conditional on r successes
among t experiments (0 · r · t): Then:
R(½; r; t) =

½arH (1 ¡ aH )t¡r
:
½arH (1 ¡ aH )t¡r + (1 ¡ ½)arL (1 ¡ aL )t¡r

Now for any t there exists an integer r(t); 0 · r(t) · t, so that
R(½; r; t) ¸ ½¤ for r ¸ r(t), and R(½; r; t) < ½¤ for r < r(t).
(When r(t) = 0, the posterior is above ½¤ even under the worst possible evidence).
Note that R(½; r; t) is diminishing in t and, thus, that r(t) is increasing in t. Let
qtm be the probability that the monopolistic posterior has eroded below ½¤ at some
time prior to t. Then
q1m = 0; since we start with ½0 > ½¤ , and
8
>
>
<

r(t+1)

m
X
qt+1
=> m
q
+
>
t
:

k=r(t)

Ã

if r(t + 1) = r(t)

qm

t
k

!t

akL (1 ¡ aL )t+1¡k

if r(t + 1) > r(t):

Since (qtm )1
t=1 is an increasing sequence of numbers between zero and one, it converges to a limit. Denote this limit by q ¤ (0 < q¤ · 1); and de…ne
s¤ = q ¤ (uH ¡ uL ):
Then for any s < s¤ there exists a T so that:
s < qtm (uH ¡ uL ); t ¸ T:

(3.7)

Consider now the duopoly equilibrium under s < s¤ . Since the high price
under duopoly is never higher than uH , the incentive to experiment is certainly
not stronger, i.e., ½*t ¸ ½¤ . Thus the probability of eroding below the cuto¤ point
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½*t is no smaller than qtm : Then by (3.5), pt · uL + qsm ; and by (3.7) the RHS is
t
<uH . Hence pt < uH for t ¸ T: So according to Lemma 2, the duopoly price
in periods t ¸ T must be no higher than pt (regardless of what evidence comes
in). Furthermore, since the duopolistic updating is identical to the monopolistic
updating, the only di¤erence between the monopoly value function, (3.3), and
the duopoly value function, (3.6), is in the prices charged. This implies that the
duopoly value function is smaller, the di¤erence re‡ected in the experimentation
term. Therefore, ½*t > ½¤ ; for t ¸ T:
But the fact that V (½; t; p) is smaller than V (½) for t ¸ T implies (through its
de…nition) that it is also smaller for t < T , which implies that ½*t > ½¤ for t < T:
The idea of the preceding proof is that once enough time has elapsed since the
market’s inception, the probability that an unsampled …rm’s belief in high demand
has eroded below the cuto¤ level is su¢ciently high to make search attractive–if
search costs are low enough. Then the credible threat of search restricts experimentation to prices below uH . This in turn reduces the pro…tability of experimentation, which is why ½¤t < ½¤ from the start, leading to less learning and to a
greater probability of error.
Rothschild [27] has argued that a single optimizing agent may permanently
settle into an erroneously pessimistic belief, as a consequence of a chain of bad luck,
even though it could get closer to the true state by experimenting a su¢ciently
large number of times, and has termed this phenomenon the “persistence of error”.
It occurs in our model under a monopoly which reaches the erroneous conclusion
that demand is low when it is actually high. Our analysis shows that competition
compounds this phenomenon; the probability that the duopoly erroneously comes
to believe that demand is low when it is actually high is greater the lower the cost
of consumer search.
3.3. Duopoly Experimentation when Information is a Public Good
This subsection analyzes the duopoly equilibrium under the opposite information
regime, when all information learned from experimentation is public: Each …rm
is perfectly and costlessly informed about its competitor’s price and sales volume
at the preceding period. Thus, the …rms have the same belief, ½; at every period6 .
6

However, we shall continue to assume that consumers know only calendar time and the
prior belief, ½0 , but not the …rms’ market history (nor their current belief at any period save
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Despite the radically di¤erent environment (information being public rather than
private), proposition 1 holds here as well.
Proposition 2: Suppose experimentation is a public good. Then, for any
s < s ´ uH ¡ uL , there exists a range (½¤ ; ½¤¤ ) so that the monopolist experiments for any ½0 in this range whereas both duopolists charge uL .
Proof: We …rst show that there exists a ½¤¤¤ > ½¤ ; such that if ½ < ½¤¤¤ ; at least
one …rm charges uL with probability 1, for any s. Suppose …rm 1’s strategy is
to experiment with uH : Let VL (½) (VH (½)) be the value to …rm 2 from currently
charging uL (uH ) and then behaving optimally, and let V = maxfVL ; VH g7 . Then:
V (½) = M axfVL (½); VH (½)g;

(3.8)

VL (½) = uL + ±f[½eV (RY (½)) + (1 ¡ ½e)V (RN (½))]g;

(3.9)

VH (½) = ½e[uH + ±(½e V (RY Y (½)) + (1 ¡ ½e)V (RY N (½)))]

(3.10)

+(1 ¡ ½e)±[½e V (RN Y ((½)) + (1 ¡ ½e)V (RNN (½))];

where Rij (½) is the posterior on ½ following 2 experiments resulting in i; j, where
i; j = N; Y .
Consider ½ = ½¤ : Then, given that …rm 1 experiments, non experimentation is
strictly more pro…table for …rm 2 than experimentation; VL (½¤ ) > VH (½¤ ): This
is because uL is myopically optimal, and from the perspective of learning, …rm 2
is better o¤ to proceed sequentially and use the information it gets for free from
…rm 1: In the event that …rm 1 succeeds, …rm 2 can always experiment in the
next period; in the event that …rm 1 fails, neither will want to experiment any
more. Thus, if …rm 1 experiments and ½ = ½¤ ; …rm 2’s best response to …rm 1’s
strategy is to charge uL ; even if s > s¤ .8
Since the solution to the system (3.8) – (3.10) is continuous in ½, there also
exists a ½¤¤¤ > ½¤ such that VL (½) > VH (½) for ½ < ½¤¤¤ . Thus for ½ < ½¤¤¤ ; one
…rm at most experiments with a price greater than uL , no matter how large s is.
Suppose ½0 2 (½¤ ; ½¤¤¤ ). Then at least one …rm, call it …rm 2, charges uL . It
is easy to verify that Lemma 2 applies to the public-information regime as well.
the …rst).
7
We abuse notation again since V was previously used to denote the value function of a
monopoly.
8
This reasoning is predicated on the experimental price being uH . However, even if the
experimental price is lower, this can only reduce the incentive to experiment. Therefore, the
result that only one …rm experiments holds for any experimental price.
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Therefore, if s < s, the experimental price can be no higher than uL + s, because
a uH -consumer is certain to …nd the price uL at the store he has not sampled
as yet and, according to Lemma 2, the experimental price must be acceptable to
all uH -consumers. Consequently, the incentive of …rm 1 to experiment is weaker
than the monopolistic incentive (a monopolist can charge uH without having to
worry about search). This implies the existence of a ½¤¤ , ½¤¤¤ ¸ ½¤¤ > ½¤ so that
…rm 1 does not experiment in the range (½¤ ; ½¤¤ ). Therefore, neither duopolist
experiments in this range while a monopolist does.
Thus, despite the radically di¤erent environment, the search e¤ect, and its attendant reduction of market power and learning, identi…ed in the private information
regime, applies under the public information regime as well. The logic is quite different, however. In the private information regime, the search e¤ect results from
the tendency of …rms to form di¤erent beliefs about demand, as a re‡ection of their
diverse experience in the market place. In the public information regime, on the
contrary, …rms always hold identical beliefs. As the proof of Proposition 2 shows,
it is precisely this feature which, for a range of beliefs greater than ½¤ ; allows one
…rm to free ride on the experimentation of its competitor, promoting a tendency
away from simultaneous towards unilateral experimentation even though all information is shared by …rms. Again, this has the e¤ect of increasing price dispersion,
which limits the extent to which the duopoly experiments, relative to a monopoly,
even when unilateral experimentation is individually optimal for each …rm. But
this limits the market power of …rms and reduces their motivation to learn about
demand.

4. An Example: Deterministic Demand
This section analyzes a special example which illustrates the principles developed
in the preceding sections and is simple enough to yield a more precise characterization of the solution. The solution adds further insights about the qualitative
nature of the time-path of prices, and how it relates to the information structure;
namely, it shows whether prices increase, decrease or ‡uctuate over time. In the
example, the uncertainty is about demand at high prices, so that search reduces
market power and experimentation (same as in section 3).
In this example, u is identical for all consumers and constant over time. Consumers know the value of u but …rms consider u to be a random variable whose
value is either u = uL > 0 or u = uH > uL . We say that demand is high (low) if
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u = uH ( u = uL ). The …rms initially assign the prior probability of ½0 to high
demand.
If this were all, a single trial with a price greater than uL would resolve all
uncertainty: A sale would prove that u = uH , and failure to sell that u = uL . To
avoid such a trivial solution, it is assumed, in addition, that demand ‡uctuates
randomly between ”boom” and ”slump” periods. Consumers arrive in the market
only in boom periods; in a slump period, no consumers enter the market. A boom
occurs with probability ¯; ¯ 2 (0; 1), and the occurrence of booms is independent
over time. At any period, a …rm can only observe the number of sales it made,
but not how many consumers entered the market at that period. For example,
the …rm may sell its merchandise via a mail catalogue so it cannot observe the
”physical” number of shoppers. Alternatively, even if …rms can observe whether
consumers physically entered their stores, they may be unable to distinguish between ”serious” customers and window shoppers. Thus failure to sell at a price
greater than uL ; while increasing the likelihood that demand is low, is inconclusive
because it can be attributed either to permanently low demand (u = uL ) or to a
temporary slump (in which case it is not possible to sell at any price). On the
other hand, a sale at a price greater than uL proves that u = uH . As before, uL
is uninformative and experimentation consists of charging more than uL .
4.1. Monopoly Regime
Again, we …rst consider the problem of a monopoly which is visited by a single
customer in each period with probability ¯.
Following each failure to sell at a price greater than uL , the belief in high
demand is revised downwards to R(½), where:
R(½) ´ ½(1 ¡ ¯)=[½(1 ¡ ¯) + (1 ¡ ½)]:
Therefore, the monopoly’s discounted pro…t when it charges uH and the prior is
½ is
½¯[uH + ±¯uH =(1 ¡ ±)] + (1 ¡ ½¯)±V (R(½)):
(4.1)
The discounted pro…t from charging uL (forever) is
¯uL
:
1¡±

(4.2)

Again the monopoly’s optimal pricing policy is characterized by a cuto¤ belief ½¤
such that its price is uH whenever ½ > ½¤ and uL if ½ < ½¤ . For the deterministic
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demand example, ½¤ can be explicitly derived.
Proposition 3: The cuto¤ belief for the monopolist in the deterministic demand case is:
(1 ¡ ±)uL
½¤ =
:
(4.3)
[(1 ¡ ±)uH + ±¯(uH ¡ uL )]

Proof: The high price is charged until the value from charging a low price exceeds the value from charging the high price, i.e., until (4.1) is less than (4.2). Let
½¤ be the belief at which the monopolist is indi¤erent between the two. Then,
V (R(½¤ )) = ¯uL =(1¡±) (since R(½¤ )<½¤ , the monopolist strictly prefers to charge
uL at R(½¤ )). Substituting this into (4.1), equating with (4.2) and solving for ½¤
gives the expression in (4.3).
A useful, alternative characterization of the monopoly optimum is as follows.
There exists an integer M; M ¸ 1, such that uH is charged for the …rst M periods with probability 1. This is the “experimentation period”. If at least one
success occurs during the …rst M periods, the high price continues to be charged
forever. Otherwise, by the end of the M -th period, the posterior erodes below ½¤ ,
experimentation stops, and the price settles down to uL from period M + 1 and
onwards. The length of the experimentation period can be determined as follows.
Let Rt (½) be the t-th iterate of R(½) :
Rt (½) ´ ½(1 ¡ ¯)t =[½(1 ¡ ¯)t + (1 ¡ ½)]:
Rt (½0 ) is the posterior at the beginning of period t + 1 following t successive
failures. Since Rt (¢) decreases monotonically to zero as t ! 1; there must be an
M with the property that Rt (½0 ) ¸ ½* for t · M and RM+1 (½0 ) < ½¤ : This M
de…nes the experimentation period.
4.2. Duopoly Regime, Private Good Case
We now turn to the analysis of the duopoly under the private information regime:
Each …rm is fully informed about its own price and sales history but does not know
the price and sales history of its competitor; consumers do not know the price
histories of either …rm. Here we assume that the consumer arrival probabilities
at the two …rms are statistically independent. That is, a consumer arrives at …rm
i with probability ¯ which is independent of whether one arrives at …rm j. This
assumption is di¤erent from the assumption in section 3 that one consumer visits
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each …rm in each period. However, under the previous assumption (and with
deterministic demand), the …rms would have the same information at all dates
(since all consumers are identical) and, consequently, there would never be private
information about demand. So the assumption of independent arrivals is needed
to retain the idea of divergent beliefs and divergent pricing.
Obviously Lemma 1 applies to this setting. It is veri…able that Lemma 2
applies as well. Thus at any period there are two possible prices, uL and the
experimental price pt , where uH ¸ pt ¸ uL :
Clearly, like a monopoly, a duopolist which has experienced M successive
failures charges uL from then on (where M is derived in section 4.1). Thus if
demand is actually high, the probability that …rm i’s price is uL at period M + 1
is at least (1-¯)M ; the probability of M successive failures (If the duopolist stops
experimenting before experiencing M failures, the probability is higher yet). Thus
the expected return from search to a high valuation consumer who is charged p
> uL at period M + 1 is at least (1-¯)M [(uH ¡ uL ) ¡ (uH ¡ p)] = (1-¯)M (p ¡ uL ).
The consumer, therefore, optimally rejects p to search if: (1-¯)M (p ¡ uL ) ¸ s:
Let pM+1 satisfy the above weak inequality with equality: (1-¯)M (pM+1 ¡ uL ) =
s: This gives:
pM+1 = uL + s=(1 ¡ ¯)M :
Then any price above pM+1 triggers search. In other words, the e¤ective
reservation price of high-valuation buyers is at most min(pM+1 ; uH ): Thus, by
Lemma 2, the high price at period M + 1 cannot be above pM+1 . Let se be the
search cost for which pM+1 = uH ; i.e.,
se = (uH ¡ uL )(1 ¡ ¯)M :

If s ¸ se; pM+1 ¸ uH . In that case the duopolist is e¤ectively a monopolist
and prices accordingly. If, however, s < se , then pM+1 < uH : Similarly, pt < uH
for all t > M + 1: Thus, if s < se; the highest price which can be charged from
period M + 1 and onwards is pM+1 – even if the duopolist is certain that demand
is high.
But that is not all. The fact that market power is diminished in future periods
diminishes the incentive to experiment in earlier periods, which further erodes
market power. The net result is stated in the following proposition.
Proposition 4: Suppose experimentation is a private good. Let se = (uH ¡
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uL )(1 ¡ ¯)M . If s ¸ se; the equilibrium price path of the duopoly is identical to
that of the monopoly. If s < se; the duopoly price path is given as follows. De…ne:
s
pt ´ uL +
for t · M + 1;
(4.4)
(1 ¡ ¯)t¡1
and

Wt = ½t¡1 ¯[uH + ±

¯pt+1
¯uL
] + (1 ¡ ½t¡1 ¯)±
:
1¡±
1¡±

(4.5)

¯uL
. Then the
1¡±
equilibrium duopoly price path is to charge uH for the …rst N periods. If none of
the …rst N experiments is a success, the …rm charges uL forever after. If one of
the …rst N experiments is a success, the …rm charges pN+1 in period N + 1 and
¯uL
onwards. If for every t ¸ 1; Wt <
; the duopoly charges uL from the very
1¡±
…rst period (i.e., never experiments).
Proof: As established above, the highest possible price at t ¸ M + 1 is pM+1 .
Therefore the duopoly value function at the beginning of period M is
Let 0 · N · M

be the largest integer for which WN >

WM = Maxf

¯uL
¯p
¯uL
; ½M¡1 ¯[uH + ± M+1 ] + (1 ¡ ½M¡1 ¯)±
g:
1¡±
1¡±
1¡±

WM < V (½M¡1 ) because the termination value upon success is only

¯pM+1
; and
1¡±

¯uH
as is the case under monopoly. The fact that the continuation value is
1¡±
diminished, relative to that of a monopoly, raises the attractiveness of switching
to a low price after only M ¡ 1 failures, i.e., already at period M . Whether a
duopolist will indeed switch over at the beginning of period M depends on the
values of ½M¡1 and s; the smaller is ½M¡1 (which occurs when ½0 is small) and
the smaller is s, the stronger the incentive to switch over earlier. The intuition
is that a smaller ½M¡1 corresponds to a more pessimistic outlook on consumers’
valuation, whereas a smaller s raises the degree of competition in the market
by increasing consumers’ incentive to search for lower prices. Either way, …rms’
market power is weakened, leading to lower prices and, hence, to a lower payo¤
from experimentation.
Assume now that the con…guration (½0 ; s) induces the duopolist to stop experimenting by period M . Once high-valuation consumers realize this, their willingness to pay in period M (and certainly beyond period M ) is reduced not only
not
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below uH but even below pM+1 : This follows from the fact that an erroneously
pessimistic conclusion about the state of demand is more likely with a shorter
experimentation period (the probability of an error is (1 ¡ ¯)M¡1 ; instead of
(1 ¡ ¯)M ): This increases the probability of …nding a lower price at the competing …rm, and increases consumers’ incentive to search. To counter this incentive,
sellers must lower prices so as to make them acceptable to the high valuation
consumers. But this feeds back into sellers’ incentive to experiment, leading them
to experiment over a shorter period yet and reducing the high price below pM+1 .
To analyze the end result of this de…ne pt by:
pt ´ uL +

s
for t · M + 1;
(1 ¡ ¯)t¡1

and let

¯pt+1
¯uL
] + (1 ¡ ½t¡1 ¯)±
:
1¡±
1¡±
Wt represents the value of charging uH in the t-th period (after t ¡ 1 failures),
charging pt+1 thereafter in case of a success and charging uL thereafter in case of
a failure. This expression is predicated on the opponent switching over to uL in
period t + 1 (upon failure), which makes the maximum price the …rm can charge
at that time (even if it succeeds) pt+1 : The variable t here represents the length
of the experimentation period, and in order for it to be consistent with …rms’
incentives we must have Wt > V (0) and Wt+1 · V (0):9 Since WM+1 · V (0) and
since pt < uH (when s < se) for all t < M + 1; there must be a t, in the range
0 · t · M , so that Wt > V (0) and Wt+1 · V (0) (this integer need not be unique
since Wt is not necessarily monotonic). This integer de…nes the experimentation
period under duopoly with private information.
Wt = ½t¡1 ¯[uH + ±

An implication of the preceding proposition is:
Proposition 5: There exists an sb > 0 such that for s < sb : (i) If ½¤ < ½0 < ½m ;
the duopoly charges uL from the …rst period onward (i.e., never experiments) with
probability one, while the monopoly charges uH at the …rst period and continues
to charge uH forever with positive probability. (ii) If ½m < ½0 , the duopolist
charges uH only until ½t drops below ½m , and then switches to uL . In this instance
the duopolist charges uH only because of his short-term pro…t motive; once that
9

Corresponding to this t there is a value function, analogous to (3.6), de…ned in every period
1 · ¿ · t:
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motive is removed he does not experiment.
Proof: Consider expressions (4.4) and (4.5) for t = 1 and s = 0. These expressions
¯uL
show that ½0 uH < uL implies W1 <
: Therefore if ½0 < ½m the duopolist
1¡±
…nds it optimal to charge uL from the very start. Since p1 is linear in s, there
¯uL
must be an sb so that for s < sb , W1 <
continues to hold.
1¡±
¯uL
On the other hand, if ½0 uH >uL ; we have W1 >
so that it is optimal for
1¡±
a duopolist to charge uH . An uninterrupted sequence of failures which reduces
½ below ½m ; places it in the set of circumstances described by (i), and the same
conclusion applies.
Therefore in the set of circumstances described by (ii), information is generated as a by-product, but the duopolist does not actively invest in information
generation beyond the period at which this by-product is freely available.
Thus, the duopoly stops experimenting after only N periods (with N · M ).
It is also clear from the above that generally N is smaller, the lower the search
cost. The probability that a duopolistic …rm reaches the wrong conclusion about
demand is (1 ¡ ¯)N . Moreover, by proposition 5, if the search cost is su¢ciently
small, experimentation ceases altogether. Then the probability that the …rms
erroneously conclude that demand is low becomes certain.
The pricing path that results under these circumstances resembles what has
been termed ”cream skimming”, i.e., during the early history of the industry the
price is high and then it decreases. Here, if the initial ½0 is in the experimentation
range, both …rms experiment, which results in an average price of uH . Then, even
if a …rm succeeds to sell during the experimentation period it lowers its price to
pt ; and if a …rm fails to sell during the experimentation period it will, a fortiori,
lower its price to uL . So either way, by the end of the experimentation period,
the average price goes down and remains low thereafter. Hence, cream skimming
in our context results from the fact that …rms compete and are privy to their
own sales information, forcing them to o¤er low prices late in the history of the
industry.
4.3. Duopoly Regime, Public Good Case
Now consider the duopoly equilibrium when information is a public good: Each
…rm is perfectly and costlessly informed about its competitor’s price and sales
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volume at each preceding period; therefore …rms have the same posterior belief,
½, at each point in time.
Since in the public good regime both …rms always have identical beliefs, it is
no longer necessary to assume independent arrivals, as in the preceding subsection. Accordingly, we resume the assumption of sections 2 and 3, that the arrival
of consumers across …rms is perfectly correlated (though the qualitative features
derived under this assumption also hold if arrivals are independent). That is,
with probability ¯ one consumer arrives at each …rm, while with probability 1-¯
(a slump period), no consumer arrives at either …rm. We continue to assume
that consumers only know the calender time.
Proposition 6: Let s ´ uH ¡ uL and for any s < s, let T ¤ (s) be the …rst t
for which s > (1 ¡ ¯)t (uH ¡ uL ). Then, there exists a ½(s) ¸ ½¤ with the following property. If ½(s) · ½ < ½m , one …rm charges uL while the other …rm
experiments until either it makes a sale, which implies that demand is high and
a high price is charged from that point onwards by both stores; or uL sells at the
same time that uH doesn’t, implying that demand is low and uL is charged from
that point onwards in both stores . If s > s, the experimental price is uH and
½(s) = ½* : If s < s, ½(s) > ½¤ ;the experimental price is less than uH during periods
1,..., T ¤ (s) ¡ 1 and is uH at T ¤ (s) and thereafter. If ½ < ½(s); both stores charge
uL .
Proof: In analogy with the proof of proposition 2, in the general noisy demand
model, the …rst step of the proof is to observe that, if ½ < ½m , one …rm at the most
experiments (with a price greater than uL ), while the other (contemporaneously)
charges uL :
Suppose one …rm experiments and consider the other …rm’s best response.
Simultaneous experimentation by both …rms cannot provide more information
than unilateral experimentation: When only one …rm experiments, both …rms
become perfectly informed if either the high-priced …rm sells or if the high-priced
…rm fails to sell at the same time that the low-priced one does. In the former
case, the …rms learn that demand is high. In the latter case, the fact that the low
price sells rules out the possibility of a slump, forcing the conclusion that the high
priced …rm’s failure is the result of low demand. Finally, failure to sell by both
…rms implies a slump period, is therefore perfectly uninformative, and leaves the
…rms’ initial beliefs about demand intact.
On the other hand, when both …rms experiment simultaneously, only a success
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(at both …rms10 ) gives precise information. Failure (by both) is ambiguous since it
can be attributed to either a demand slump or to low demand. So given that one
…rm already experiments, the other can only lose information by experimenting
at the same time. On the other hand, myopically, the optimal price is uL , since
½ < ½m : Thus experimenting at the same time is not only less informative than
not experimenting, but is also more costly (in terms of foregone expected pro…ts
at the present period). Thus if ½ < ½m ; one …rm at the most experiments.
If s > s = uH ¡ uL , it is too costly for consumers to search (even if one …rm
charges uH while the other charges uL , which is the best scenario for search).
Then an experimenting duopolist can charge uH , so he experiments whenever
the monopoly does. Thus, if ½¤ < ½ < ½m , one …rm charges uL while the
other experiments with uH until either there is a sale at uH , (which implies that
demand is high) and both …rms charge uH from that point onwards; or uL sells at
the same time that uH doesn’t (implying that demand is low), and uL is charged
by both …rms from that point onwards. (of course, if ½ < ½¤ ; both …rms stop
experimenting).
Consider now s < s and ½ < ½m and assume one …rm is experimenting with
uH in period t. Then, the consumer who visits it has a probability of (1 ¡ ¯)t of
…nding the price uL at the other …rm ((1 ¡ ¯)t is the probability that no consumer
has shown up, in which case the other …rm has not yet concluded that ue = uH .)
Therefore the payo¤ to search is ¾ = (1 ¡ ¯)t (uH ¡ uL ). If t < T ¤ (s), then ¾ > s,
so the consumer will search, which contradicts Lemma 2. Consequently, during
periods 1; :::T ¤ (s) ¡ 1, the experimental price must be uL + s=(1 ¡ ¯)t < uH . On
the other hand, if t ¸ T ¤ (s), ¾ < s, so the experimental price is uH . Therefore
the price dynamics are such that one …rm experiments with either uL + s=(1 ¡ ¯)t
or with uH (depending on the calendar date) until uncertainty is resolved, or ½ is
su¢ciently low that experimentation is abandoned. Given that experimentation is
with a price < uH , the return from experimentation is smaller than it is under the
monopoly scenario. Consequently, there exists a ½(s) > ½¤ so that experimentation
does not take place in (½¤ ; ½(s)). This completes the proof.
As in the noisy demand model, the ability to free ride on one’s competitor’s
experimentation e¤orts promotes a tendency towards unilateral experimentation,
which increases price dispersion and the consumers’ propensity to search, diluting
the incentive to experiment even when individual experimentation (with uH ) is
optimal.
10

By assumption, …rms that charge identical prices make the same number of sales.
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The resulting price path under these circumstances resembles what has been
termed penetration pricing, i.e., prices during the early history of the industry are
low and then they rise. Here, when the initial ½0 is in the experimentation range
½0 2 (½(s); ½m ), one …rm experiments while the other …rm does not. So during
the experimentation phase the average price in the industry is either (1=2)uL +
(1=2)(uL + s=(1 ¡ ¯)t ) or (1=2)uL + (1=2)uH . Either way, it is less than uH . Then,
if demand is high and there is a boom period, both …rms learn the state of demand
and raise their prices to uH which they sustain thereafter. Hence “penetration” in
this context means …rms are receiving favorable news about the state of demand
which enables them to raise their prices.11
Another possibility is ‘cyclical’ pricing. Suppose that initially ½0 > ½m so
that both …rms charge uH . If there are no successes, the belief in high demand
erodes to ½; ½(s) < ½ < ½m , whence only one …rm experiments and, moreover, the
experimenting …rm’s price is no higher than uH , so that the average market price
drops below uH . A success at this phase leads each …rm to increase its price back
up to uH . Thus prices are observed to decrease and subsequently increase.12

5. Concluding Remarks
In the model considered above, the nature of the uncertainty applies to demand at
the high price. But it is equally plausible that …rms are uncertain about demand
at low prices. For example, suppose type 1 consumers demand only one unit if
the price is less than or equal to uH , while type 2 consumers demand two units
if the price is less than or equal to uL , and one unit if the price is greater than
uL (but not greater than uH ). The proportion of type 2 consumers is ae and,
again, the …rms are uncertain about ae: With probability °, the proportion ae
is aL , with probability 1-°; ae = aH . In this case, it is the low price which is
informative; experimentation involves charging uL (and observing the number of
sales). Assume the non-trivial case in which the monopoly price is uL if ae = aL
and uH if ae = aH :
The analysis of this case is completely analogous to the previous case; there
is a cuto¤ belief at which the monopoly stops experimenting, and subsequently
charges uH . And again the search e¤ect limits market power for the duopoly, if
search costs are su¢ciently low. Consider the private information regime. Here,
11

Of-course, if …rms do not receive favorable news they will decrease their prices; however,
the point is that there exists a sample path under which prices go up over time.
12
Pricing at the experimental stage thus resembles a ‘sale.’
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the observation of a price above uL means the …rm has grown pessimistic and
stopped experimenting. The incentive to search results from the expectation that
its competitor is still optimistic enough to experiment - i.e. is still charging uL .
This restricts the highest price which can be charged below uH , if s is su¢ciently
small, no matter what the posterior belief is - the analogue of part (i) of proposition 1. But, in contrast to the previous model, here, the e¤ect is to make
experimentation (with uL ) more, rather than less pro…table. This is because narrowing the gap between the ‘sure’, high price, and the experimental low price
reduces the cost of experimentation, and hence there is more experimentation;
i.e. the duopoly cuto¤ belief, say ½0 , satis…es ½0 < ½¤ . Thus, in both cases uncertainty increases competition in proportion to the cost of search. But in one case when uncertainty applies to demand at high prices - this has the e¤ect of reducing
experimentation, while if uncertainty is about demand at low prices, incentives to
experiment increase.
To summarize, then, this paper examines the issue of learning and experimentation when …rms and consumers are imperfectly informed. The principal
conclusion under these conditions is that the degree of experimentation is di¤erent from the monopoly case. This results, although for di¤erent reasons, both
when …rms are privy to their own sales experience and when the sales experience
is publicly known. It is also true both when uncertainty is about demand at
high and low prices, although the e¤ect on experimentation is di¤erent. We have
also shown that a whole variety of price paths is possible: When information is
a private good the price path is necessarily downward sloping over time, which
corresponds to cream skimming. On the other hand, when information is a public
good the price path might be upwards sloping which corresponds to penetration
pricing, or it might be cyclical. Therefore, learning in this model and the resulting
price path are shown to depend on the market structure, the nature of uncertainty,
and on the degree to which …rms can keep their information private.
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