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consumers. Distributions are typically bimodal. One of the two modes,
corresponding to monopoly prices, tends to increasingly attract prices over time.
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1 Introduction

A Search Engine is a program that accesses and reads Internet pages, stores the results, and
returns lists of pages, which match keywords in a query. Price-Comparison search engines,
also known as shopping agents or shopping robots, are a class of search engines, which crawl
commercial Internet sites. In addition to addresses from vendors, they also collect and display
other information like prices, or return policies. From the consumers’ perspective, one of the
most promising aspects of e-commerce was that it would reduce search costs. With search
engines, consumers could easily observe and compare the prices of a large number of vendors,
and identify bargains. The consumers’ enhanced ability of comparing prices would discipline
vendors, and put downward pressure on prices. Presumably, the larger the number of vendors
whose price a search engine lists on its site, and that thereby consumers can easily compare, the
more competitive the market becomes.

The persistence of price dispersion in such markets is a fact which has been extensively
confirmed by empirical findings and has been easily accommodated by the theoretical prediction
of mixed strategy and, thus, dispersed price equilibria. However, the issue of price dynamics
in search markets remains an open question. The existing empirical literature does not clarify
whether disperse prices tend to converge towards some stable distribution or whether they follow
some other systematic pattern. In this paper, we use a series of laboratory experiments to address
this question. We identify two attractors of pricing strategies, which are systematically observed
under different market conditions. The first of them is the monopoly price, whereas the second
one corresponds to more competitive pricing. We find that the frequency of monopoly pricing
systematically exhibits an increasing trend, whereas the mode around which lower prices are
distributed presents a declining trend over time.

Since Diamond (1971), we know that the existence of uninformed consumers is crucial (and
even sufficient) for monopoly pricing to be sustained by competing sellers in homogeneous good
markets. This has been known as the Diamond Paradoz, as it contradicts the intuitive principle
that price competition in the absence of product differentiation should be expected to cause
prices to fall close to the competitive level. Subsequently, Varian (1980), Rosenthal (1980),
Burdett and Judd (1983) and Stahl (1989) have taught us the fundamental theory on price
competition in markets in which informed and uninformed buyers coexist. Among the common
properties of the resulting models, the most appealing one concerns the lack of pure strategy
equilibria, leading to the theoretical prediction of equilibrium price dispersion. This property
has linked these models with a growing theoretical and empirical literature on search markets

assisted by Internet-based price-comparison search engines. Along this line, Brynjolfsson and



Smith (2000), Baye and Morgan (2001), Iyer and Pazgal (2000) and Kocas and Kiyak (2006)
are representative examples of a recent second wave of papers on search markets, paying special
attention to the role of the Internet on market competition. Apart from the novelty of focus on
Internet-based search processes, a recurring endeavor of these papers is to explain the systematic
empirical finding of persistent price dispersion even in homogeneous product markets.

Several experimental studies have addressed the comparative statics of price dispersion in
markets with buyer search. Morgan et al. (2006) report experimental results confirming the
basic comparative statics prediction of the Varian (1980) model. Also, Orzen (2008) offers some
evidence for the conjecture by Janssen and Moraga-Gonzélez (2004) concerning the collusive-
pricing attractor which tends to reverse Varian (1980) comparative statics prediction regarding
the size of an industry. The rotation of theoretical price distributions around the empirical ones
reported in Garcia-Gallego et al. (2004) may also be due to these coexisting equilibria. However,
the dynamics of strategies in search markets with only mixed strategy equilibria has received
less attention.

Diamond (1971) was the first to investigate the stability of price distributions in the presence
of buyer and seller learning. In fact, that study goes beyond posterior analysis in that it pro-
poses monopoly pricing as the only equilibrium which is stable under a specific type of learning
dynamics. More recently, a small number of theoretical papers study the dynamic properties of
price distributions in markets with consumer search. Hopkins and Seymour (2002) have shown
that a broad family of learning dynamics may be stable under a relatively demanding condi-
tion on the proportion of uninformed consumers in the market (“sufficient ignorance”). In fact,
these authors extend the existing learning models to allow for large (almost continuous) strategy
spaces, making them applicable to models of price competition. More recently, Benaim et al.
(2009), recalling Shapley (1964) best response cycles in games with mixed strategy equilibria,
have shown that the time average of prices set by adaptively learning subjects may converge close
to the Nash equilibrium prediction even under conditions which do not guarantee the stability
of the equilibrium price dispersion.

From an empirical point of view, Cason and co-authors (Cason and Datta, 2006; Cason and
Friedman, 2003; Cason et al., 2005) have paid attention to the dynamics of price dispersion using
laboratory data. Especially, the Edgeworth cycles reported by Cason et al. (2005) can be seen
as evidence for the instability of price dispersion predicted by Hopkins and Seymour (2002).
Also, the serial correlation of individual strategies detected by Cason and Friedman (2003) can
be interpreted as evidence against the hypothesis of mixed strategy play. Edgeworth cycles

were also observed in experimental markets under Bertrand-Edgeworth competition in Kruse



et al. (1994) and price-and-quantity competition in Guillén (2004). Furthermore, a number of
empirical studies like Ross (1997) and Busse (2002) also provide evidence of Edgeworth price
cycles in posted price markets.

The aforementioned empirical evidence of price cycles is compatible with the theoretical
explanation offered by Hopkins and Seymour (2002) concerning the dynamics of learning in
markets with only mixed strategy equilibria. In such markets, cycles of best responses emerge
like in the well-known children’s game of Rock-Paper-Scissors. Specifically, cycles emerge due to
firms’ switching from monopoly pricing, aimed at extracting maximal surplus from uninformed
buyers, to competitive pricing, aimed at attracting the informed ones. Thus, the instability of
these two strategies, monopoly and competitive pricing, is responsible for both the nonexistence
of pure strategy equilibrium and the cyclical dynamics. Studying in depth the anatomy of
the dynamic patterns of observed behavior requires focusing on the evolution of pricing with
respect to these two poles of attraction. Furthermore, our interest in the evolution of monopoly
pricing separately from other price observations is also dictated by a number of results which
do not necessarily rely on the informed-uninformed consumers assumption. For example, while
Varian (1980) predicts agglomeration on monopoly pricing as a result of rational behavior, Baye
and Morgan (2004) directly relate the frequency of monopoly pricing to the level of bounded
rationality in the market. Furthermore, although all the theoretical models discussed here
contemplate risk neutral agents, it is straightforward to see why risk aversion would lead to
more frequent monopoly pricing. This would happen because monopoly pricing yields a certain
payoff while competitive pricing involves some probability of a higher profit but also the risk of
a lower one. Therefore, for a variety of reasons, the agglomeration of strategies on monopoly
pricing may affect both the comparative statics and the dynamics of observed behavior in markets
with informed and uninformed consumers. Obviously, the evolution of monopoly pricing in such
markets is not incompatible with other dynamic patterns like Edgeworth cycles.

In this paper, we report results from a laboratory experiment designed to study the evolution
of monopoly pricing in the context of the Varian (1980) and Burdett and Judd (1983) models.
We design four treatments which are inspired by the comparative statics of the former concerning
the market size, and of the latter concerning the completeness of the sampling process available
to informed consumers. Contrary to the majority of previous experimental studies®, our exper-
imental subjects are faced with the same history of rival prices, given that each subject is faced
with a number of simulated rivals whose behavior is extracted from mixed strategy equilibrium

distributions. Thus, deviations from equilibrium play cannot be explained as the result of noise

!Cason and Datta (2006) adopt a similar strategy, but they simulate optimal consumer search behavior.



due to simultaneously learning and strategically interacting agents. Furthermore, each subject’s
behavior can be treated as an independent observation. We identify two coexisting dynamic
patterns occurring parallel to each other. The two patterns concern two alternative peaks of
typically bimodal price distributions. The first peak is labelled as the interior pricing mode,
whereas the second is referred to as the monopoly pricing one. We also show that the dynamics
affecting the two modes occur in opposite directions and that each one of the corresponding
patterns remains invariant across different experimental conditions.

The paper is organized in the following way: Section 2 outlines the theoretical framework.

Section 3 describes the experimental design. Section 4 reports the results and section 5 concludes.

2 Theoretical framework

We briefly discuss the features and results of the theoretical setting.

Consider an electronic market for a homogeneous search good that opens for one period.
There are: 1 price comparison search engine, n > 3 vendors, which we index through sub-
script j = 1,...,n, and many consumers. The Price-Comparison Search Engine, lists the firms
contained in its Indez, and the prices they charge.

Denote by k£ the number of vendors indexed by the price-comparison search engine. We will
refer to k as the Size of the Index. The search engine has Complete Coverage if it indexes all
vendors present in the market: & = n. If k < n, the search engine has Incomplete Coverage and
indexes each of the n vendors with the same probability k/n.?

There is a unit measure continuum of risk neutral consumers. Each consumer has a unit
demand, and a reservation price of 1. There are 2 types of consumers, differing only with respect
to whether they use the price-comparison search engine. Non-Shoppers, a proportion A € (0,1)
of the consumer population, do not use the price-comparison search engine, perhaps because
they are unaware of its existence, or perhaps because of the high opportunity cost of their time.
The other consumers, a proportion 1 — A, are Shoppers and use the price-comparison search
engine.

Consumers do not know the prices charged by individual vendors. Shoppers use the price-
comparison search engine to learn the prices of vendors. Provided that the lowest price sampled
by the price-comparison search engine is no higher than 1, all shoppers buy a unit of the product
from the cheapest seller on the engine; in the case of a tie, they distribute themselves randomly

among vendors; otherwise they reject the offer and exit the market. Non-shoppers distribute

2We focus on the case of unbiased incomplete coverage. A more complete version of the model accounting for

biased incomplete coverage can be found in Garcia-Gallego et al. (2004).



themselves evenly across vendors, i.e., each vendor has a share of non-shoppers of 1/n. Given
a price no higher than 1, each non-shopper buys a unit of the product from the firm to which
he/she is randomly assigned; otherwise they reject the offer and exit the market.

Vendors are identical and risk neutral. Marginal costs are constant and equal to zero.
Vendors know the functioning rules of the search engine. They know the probability with
which they are indexed, but do not observe the identity of the indexed vendors, before choosing
prices.

Denote by IL;(p), the expected profit of vendor j when it charges price p on Rf. A vendor’s
strategy is a cumulative distribution function over prices, Fj(-). A vendor’s payoff is its expected
profit.?

A Nash equilibrium is a n-tuple {Fi(+),..., F,(-)} of cumulative distribution functions over
prices such that for some II7 on Rf, and j = 1,...,n, [;(p) = IT3, for all p on the support of
Fj(-), and IL;(p) < II7, for all p.

Denote by 7 the type of the search engine, and let ‘C’, mean Complete Coverage, and ‘I’
mean Incomplete Coverage. Then, 7 belongs to {C,I}. We will use superscripts ‘C’ and ‘I’
to denote variables or values associated with the cases where the search engine has that type.
Denote by ¢7 the probability of firm j being indexed, such that ¢7 = k/n. Ignoring ties, the

expected profit of a vendor that charges p <1 is:
1L (p) = —)\—i— 1—N¢7[1l— FT(p))Ft 1
i(p) Pn p( ) j[ j (p)" . (1)

Denote by [ the lowest price vendor j is willing to charge to sell to both types of consumers
when the search engine has type 7, i.e., I7[A/n+ (1 — A\)¢7] — A/n = 0.

Then, it is shown that, in the symmetric equilibrium?:

P2+ p(1 = NeflL - Ff () = 2 2)
All vendors are indexed with positive probability (including the extreme case of probability 1
when complete coverage is in place). Hence, they face the trade-off of charging a high price and
selling only to non-shoppers, or charging a low price to try to sell also to shoppers, which leads
them to randomize over prices. Then, the price distribution for the case in which the market
consists of n vendors, and the price-comparison search engine has an unbiased index of size k < n,
is identical to the price distribution for the case in which the price-comparison search engine has
Complete Coverage, k = n, and the market consists of k vendors: F(-;n, k) = FC(-; k).

As discussed in detail in Garcia-Gallego et al. (2004), an unbiased decrease in the size of the

index has two impacts. First, for indexed vendors, the decrease in the size of the index reduces

3Tt is well known that this game has no equilibrium in pure strategies.
4According to Baye et al. (1992) there is also a continuum of asymmetric equilibria.
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Figure 1: A reduction of the index size
The symmetric equilibrium cumulative distribution function of prices rotates coun-

terclockwise when the size of the index k decreases to k'.



the number of rivals with which a vendor has to compete to sell to shoppers from k£ —1 to k — 2.
This increases the probability that an indexed vendor will have the lowest price, (1 — FI )k_l,
which increases the Volume of Sales effect. The first impact leads vendors to shift probability
mass from higher to lower prices. As a consequence, the price distribution shifts to the left.
Second, the decrease in the size of the index reduces the probability that a given vendor is
indexed from k/n to (k — 1)/n, which reduces the Volume of Sales effect. The second impact
leads vendors to raise the lower bound of the support, and to shift probability mass from lower to
higher prices. As a consequence, the price distribution rotates. The total impact of an unbiased
decrease in the size of the index is to cause the price distribution to rotate counter clock-wise,
see Figure 1.

The increase in the lower bound of the support, If (k) < I{(k — 1), raises the expected price
paid by shoppers. However, the average price paid in the market remains constant and equal
to A. This implies that the expected price by non-shoppers decreases. Recall that vendors
now charge lower prices with a higher probability. Shoppers and non-shoppers have conflicting
interests with respect to Incomplete Coverage, as compared with Complete Coverage. Shoppers
prefer a large to a small unbiased index, and non-shoppers prefer a small to a large unbiased
index.

Under Incomplete Coverage, the equilibrium price distribution does not depend on the num-
ber of vendors in the market, F/(-;n, k) = FI(-;n+1,k). The probability with which a vendor is
indexed, k/n, depends on the number of vendors. Besides, each vendor’s share of non-shoppers,
A/n, also depends on the number of vendors.

Given that FI(-;n,k) = F(-;k), comparing the price distributions under Incomplete Cov-
erage and under Complete Coverage is equivalent to comparing F!(-;n,k) and F!(-;n,n), i.e.,
is equivalent to analyzing the impact of an increase in the size of the index, under Incomplete
Coverage. Thus, compared with Complete Coverage, Incomplete Coverage causes the price dis-
tribution to rotate counter-clockwise, which increases the expected price paid by shoppers and

decreases the expected price paid by non-shoppers.

3 Experimental design

We present data from 4 experimental conditions implemented in a market environment like
the one described above. The 4 treatments (C3, I3, C6, 16) correspond to the combination of
two different industry sizes, n € {3,6}, with two sizes of the sample (Complete, Incomplete) of
prices available to shoppers searching on the price-comparison search engine. In terms of the

theoretical model, the design can be used to test the model’s comparative statics predictions



Table 1: Design parameters

Treatment n k o) A Price Mean (s. d.) Min. Price Pr(p=1)
C3 3 3 1 1/2 0.60 (0.25) 0.25 1.83%
13 3 2 2/3 1)2 0.55 (0.18) 0.33 0.05%
6 6 6 1 1/2 0.70 (0.31) 0.42 17.56%
16 6 4 2/3 1/2 0.65 (0.28) 0.20 6.30%

concerning the size of the market under complete coverage by comparing a complete coverage
triopoly (C3) to a complete coverage hexapoly (C6). Furthermore, by comparison of C3 to I3 and
C6 to 16, we can test the model’s hypotheses concerning the completeness of the index. In fact,
both incomplete coverage treatments are run with a 2/3 probability of a seller being indexed by
the search engine.® In all treatments, the A\ parameter was set to 1/2.

Table 1 presents the details of our design and the statistics corresponding to the theoretical
price distributions. Apart from the hypothesis of equality between the observed and the the-
oretical means, these statistics help us formulate the following qualitative testable hypotheses

emerging from the theoretical framework:

H1: An increase in the number of firms in the market (from C3 to C6 and from I3 to 16) leads

to a higher average price.

H2: An increase in the number of firms indexed by the search engine (from I3 to C3 and I6 to

C6) leads to a higher average price.

These two hypotheses provide a test for the main prediction of the Varian (1980) and Burdett
and Judd (1983) models respectively. We turn now to the main objective of our paper which
is the frequency and evolution of monopoly pricing. We state the main comparative statics

predictions:

H3: An increase in the number of firms in the market increases the frequency of monopoly

pricing.

H4: An increase in the number of firms indexed by the search engine increases the frequency

of monopoly pricing.

As an alternative to these four hypotheses, the conjecture by Janssen and Moraga-Gonzalez
(2004) concerning the collusion facilitating role of a decrease in the size of the industry tends to

reverse the effects predicted here.

5Thus, in treatment I3 we use k = 2 and in treatment I6 we set k = 4.



Regarding the behavior of individual prices over time, the hypothesis of mixed strategy play
implies that a firm’s pricing strategy in period ¢ in independent from its strategy in period ¢+ 1.

The most important testable implication of this hypothesis is:

H5: A firm’s probability of setting a given price (including monopoly pricing) remains invariant

over time.

In order to avoid a noisy learning environment® we face each subject with a number of robot
players whose behavior is randomly extracted from the equilibrium mixed strategy distributions
described in the previous section. This allows us to face all subjects with the same history of
rival prices, creating a more controlled and statistically robust sample of individual reactions
to the same history as far as other players’ strategies are concerned. Specifically, each subject
participating in treatments C3 and I3 is faced in each period with 2 simulated players, whereas
each subject in treatments C6 and 16 is faced with another 5 simulated players. A total of 45
independent observations (a series of 50 period strategies per subject) are obtained under each
treatment. We ran 10 sessions at the Laboratori d’Economia Experimental of the Universitat
Jaume I in Castelléon (Spain). In each session, 18 subjects were randomly assigned to two
different treatments under the same price-sampling condition but with different industry sizes.
A total of 180 subjects participated in the experiments, earning an average of approximately 20
Furos each. They were recruited among the students attending business-related courses at the
Universitat Jaume 1.

The prices set by robot players were randomly extracted from the theoretical distributions
described above, using the inverse transformation method (e.g. Cameron and Trivedi, 2005).” In
order to guarantee that observed heterogeneity can be genuinely attributed to differences across
individuals, we have maintained the actual realizations of the simulated players fixed within
each treatment. Subjects were told that they were faced with computer- simulated rivals whose
actions were programmed to pursue exactly the same objectives as those induced to them.® In
that sense, the noise due to strategic interaction among simultaneously learning human agents
is eliminated creating a controlled environment in which subjects are exposed to similar rival

price histories extracted from exactly the same mixed strategy equilibrium play.

SWarnick and Hopkins (2006) and Cason and Friedman (2003) warn us on the difficulties entailed in experi-
mental tests of mixed strategy equilibria due to the fact that an individual agent is learning in the presence of

noise created by rivals learning strategies.
"The experiment was run using a specific software programmed in Java.
8No mention was made to equilibrium mixed strategy play by the computer- simulated agents because it could

be mistakenly interpreted as correct play, yielding undesirable myopic imitation. See the instructions in the

appendix.
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4 Data analysis and main results

We present here the results obtained from the experimental sessions. Table 2 provides descriptive
statistics for observed period average prices and profits. The evolution of these variables is
plotted in Figures 2 to 4. We express profits as a proportion of the corresponding monopoly

profits:

Ditqit
p— 3
e (3)

where i indexes subjects, ¢ indexes time periods, p;; and g;; are the prices and sales of firm 7 in

Tt

period ¢, and \/n; is the profit level that a firm obtains by setting p = 1 and selling only to its
captive consumers. Then, m;; = 1 means that subject ¢ earned the monopoly profits in period
t. This monopoly profit level can be thought of as a reference point for subjects, because it is
the level of earnings that can be reached independently of others’ strategies. This strategy can
be used by subjects as an insurance device against the riskier but potentially more profitable
alternative of interior prices aimed at capturing clients on the search engine in case the firm is
the minimum-price seller on the index.

To further analyze our experimental data, we focus on individual pricing behavior. Table 3

reports estimates of the dynamic regression equation

Inpy = Bo+ Prlnpir—1 + Belnmis1 + Bslnrp; 4 7

+ Bat + B513; + Bocbi + Bri6; + u; + €
p; —1 is the previous period logarithm of average rival prices, m; ;1 is the past period profits of
subject i, ¢3;, c6; and i6; are treatment dummy variables, u; is an unobserved variable capturing

unobserved time-invariant heterogeneity and ¢;; is a regression disturbance. We also present in

Table 4 estimates of the dynamic linear probability model:

Inmp; =ap+orlnmp;;  +aelnm 1 +aglnrp; )
+ ayt + as13; + agcb; + a7i6; + v; + Wit

where mp,, is an indicator which take the value 1 if subject ¢ set the monopoly price in period
t, and 0 otherwise, v; stands for unobserved time-invariant subject heterogeneity, and wy is a
regression disturbance. Thus, our approach accounts for the substantial individual heterogeneity

present in our data and the underlying dynamics.
The estimates reported in Tables 3 and 4 were obtained by the GMM dynamic panel esti-
mators developed by Arellano and Bond (1991), Arellano and Bover (1995), and Blundell and
Bond (1998). These estimators are valid under very general situations. In particular, we do not

need strong distributional assumptions on the disturbances, nor ruling out correlation among

the individual effects and the right hand side variables. The estimators allow for regressors that
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Table 2: Descriptive statistics: Observed prices and profits

Treatment All prices Interior Pricing Mon. Pricing Profits
C3 0.56 (0.04) 0.47 (0.07) 0.17 (0.06) 0.89 (0.24)
13 0.55 (0.05) 0.48 (0.05) 0.14 (0.05) 0.86 (0.36)
C6 0.47 (0.05) 0.35 (0.08) 0.18 (0.05) 0.95 (0.35)
16 0.49 (0.07) 0.41 (0.08) 0.13 (0.05) 1.02 (0.56)

Price and profit averages; standard deviations in parentheses; Mon. Pricing corresponds to the observed frequency

with which a subject sets p = 1. Statistics provided under the heading Interior pricing refer to prices satisfying

p# L

are not strictly exogenous and are robust to arbitrary conditional heteroscedasticity, and serial
correlations among the observations of a given individual, provided that observations of differ-
ent individuals are independent, a condition that our experimental setup guarantees. These
estimators are designed for a sampling scheme of small T-large N but our sample consists of
180 individuals observed during 50 consecutive periods. So, we have used “stacked” instruments
as suggested by Arellano (2003, section 8.7). Also, in Tables 3 and 4 we present estimates of
extended models that allow for two lags of the regressors. We do not find that the additional
lags are significant. Also the specification tests do not detect problems of serial correlation,
suggesting that our simple specifications (4) and (5) adequately capture the dynamics in our
data.

From the statistics of Table 2, it is interesting to observe that 6-firm markets yield profits
which very close to monopoly pricing. On the contrary, 3-firm markets yield profits which are
lower than the profit which could be earned by subjects adopting the safe option of monopoly
pricing. Anyway, we cannot reject the hypothesis that the average profit equals 1 in any of the
treatments. The dispersion of profits is increasing in the number of firms present in the market
and is greater under incomplete than under complete sampling. This pattern can be explained
as a consequence of the increased uncertainty as we move from the complete to the incomplete
sampling case. Figure 4 shows the evolution of average profit per treatment. We do not observe
any systematic pattern in the temporal evolution of profits. We cannot reject the hypothesis of
serial independence according to the results of run tests. Moreover, there are not obvious trends
in these data.

From simple inspection of Table 2 and Figures 2 and 3, we can see that the means, standard
deviations and the distributions of observed prices significantly deviate from the corresponding
theoretical ones. On the contrary, from Figure 5 we see that the counter-clockwise rotation of

price distributions predicted as the result of a decrease in the number of firms and the size of

12
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Figure 2: Evolution of price average and interior price (p < 1) average.
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Figure 3: Evolution of the frequency of monopoly pricing
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Table 3: Price regressions

GMM (1 lag) GMM (2 lags)
In i1 0.1111 (0.0316)** 0.0823 (0.0477)*
Inpis—2 —0.0212 (0.0292)
nrp; 0.1646 (0.0353)*** 0.1696 (0.0363)***
Inrp,;; o 0.0148 (0.0243)
In 41 —0.0293 (0.0152)* —0.0471 (0.0201)**
In i 4o —0.0161 (0.0142)
t —0.0044 (0.0008)*** —0.0044 (0.0009)***
13; 0.0457 (0.0560) 0.0572 (0.0598)
c6; —0.3010 (0.0859)*** —0.3226 (0.0942)***
16; —0.1805 (0.0606)*** —0.1904 (0.0666)***
constant —0.4294 (0.0536)*** —0.4667 (0.0684)***

Specification tests (p-values)

my 0.000 0.000
ms 0.423 0.856
J 0.198 0.099
F 27 Jag 0.447

Two-step system GMM estimates of equation (4). The dependent variable is Inp;;. Number of observations is
8820 (180 individuals, 49 periods). Standard error of the estimates between parentheses. Significant estimates at
the 10%, 5%, and 1% significance level are marked with *, **, and ***, respectively. Three lags of Inrp,,, Inp; ;—1,
Inm;+—1 used as “stacked” instruments (see Arellano, 2003, section 8.7) in the differences equation. For the levels
equation the instruments are a constant, t, i3;, ¢6;, and 76;. Total number of instruments: 14. The specification
tests m1, and mg are the Arellano and Bond (1991) tests for autocorrelation of order 1 and 2. If ¢; are not
serially correlated, mi should reject the null, but my should not reject. J is the Hansen’s test of overidentifying

restrictions. The F' test in the last row test the joint significance of the second lag of the regressors.
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Table 4: Monopoly pricing regressions

GMM (1 lag) GMM (2 lags)
Inmp; ;4 0.0726 (0.0351)** 0.0495 (0.0529)
Inmp;,_s —0.0117 (0.0381)
Inrp;,_ 0.0326 (0.0173)* ~0.0385 (0.0182)*
Inrp,;; o —0.0204 (0.0126)
In 741 ~0.0251 (0.0086)*** ~0.0313 (0.0120)***
I gs ~0.0062 (0.0080)
t 0.0014 (0.0004 )*** 0.0013 (0.0005)***
13; —0.0176 (0.0499) —0.0266 (0.0513)
6 0.0347 (0.0556) 0.0389 (0.0569)
16; —0.0217 (0.0469) —0.0243 (0.0477)
constant 0.0788 (0.0411)* 0.0748 (0.0427)*

Specification tests (p-values)

mi 0.000 0.000
ma 0.707 0.674
J 0.112 0.160
F 27 Jag 0.135

Two-step system GMM estimates of equation (5). The dependent variable is In mp,,. Number of observations is
8820 (180 individuals, 49 periods). Standard error of the estimates between parentheses. Significant estimates
at the 10%, 5%, and 1% significance level are marked with *, **, and ***, respectively. Three lags of Inrp,,,
Inmp,, ;, Inm; 1 used as “stacked” instruments (see Arellano, 2003, section 8.7) in the differences equation.
For the levels equation the instruments are a constant, ¢, ¢3;, c6;, and i6;,. Total number of instruments: 14.
The specification tests m1, and mq are the Arellano and Bond (1991) tests for autocorrelation of order 1 and 2.
If w;i; are not serially correlated, m; should reject the null, but m2 should not reject. J is the Hansen’s test of

overidentifying restrictions. The F' test in the last row test the joint significance of the second lag of the regressors.
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the index is compatible with the observed intersections between the cumulative distributions of
treatment pairs C3-13 and C6-16. Although this observation can be interpreted as a moderate
confirmation of the Varian (1980) and Burdett and Judd (1983) models’ predictions, hypotheses
H1 and H2 are rejected through a number of different tests. Among them, the estimates of treat-
ment dummy coeflicients obtained from the model of individual prices in Table 3 indicate that
the ranking obtained for mean prices corresponding to treatments with different firm numbers
and index sizes is the contrary to that predicted by the theory. That is, a decrease in the size of
the index of prices sampled by the search engine and a decrease in the total number of firms in
the industry would both lead to higher average prices, providing evidence for the collusive effect
conjectured by Janssen and Moraga-Gonzalez (2004).

We move now to a more detailed discussion of the observed behavior regarding the main
issue addressed in this paper, which is the frequency of monopoly pricing and its evolution.
Figure 6 contains the histograms of price distributions obtained under each treatment. From
simple inspection of the graphs, we see that, in all cases, price distributions are bimodal as
predicted by the theory. One mode corresponds to monopoly pricing, whereas a second mode
corresponds to interior prices. The frequency of monopoly pricing in treatments C3, I3 and 16
(17%, 14% and 13% respectively) is much larger than the model predicts (1.83%, 0.05% and

6.3% respectively). Monopoly pricing obtained under treatment C6 is approximately the same as
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Comparison of empirical cumulative distributions of prices among pairs of treatments.
In each panel, the darker lines corresponds to the treatment with a larger size of the

index.
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predicted by the theoretical model (17.56% against the theoretical frequency of 18%). Complete
coverage treatments, C3 and C6, yield higher frequencies of monopoly pricing (17% and 18%
respectively) than the corresponding incomplete coverage treatments, which is compatible with
H4. On the contrary, changes in the total number of firms (from C3 to C6 and from I3 to
16) produces insignificant effects on the frequency of monopoly pricing, which contradicts H3.
However a more rigorous test of H3 and H4 can be performed looking at the significance of
treatment dummies in the Probit model of monopoly pricing. The estimates presented in s
Table 4 reject both H3 and H4 against the alternative that the frequency of monopoly pricing
does not vary with the total number of firms in the market and the number of firms indexed by
the search engine.

Therefore, we see that monopoly pricing is a rather systematic pattern of behavior which does
not depend on the parameters of the two models which have inspired our design. Following the
last hypothesis, H5, we want to investigate whether individual pricing strategies are compatible
with mixed strategy play, or alternatively, whether a firm’s price in one period is correlated
with its price in the previous period. In the framework of this hypothesis, we pay special
attention to monopoly pricing, asking whether the persistence of this pattern across different
design parameters implies that it is also invariant over time. Figure 2 shows period average

prices. The general pattern is that average prices steadily decrease in the first twenty periods
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and then tend to stabilize. The initial decrease is more pronounced in treatments C6 and I6.
Indeed in treatment C6, average prices do not get stable before period 30. In fact, it is not clear
whether prices in this treatment stabilize at all. Figure 2 also shows the price series excluding
monopoly prices (p = 1). In all treatments, the evolution of interior prices is characterized by a
pronounced decreasing trend. On Figure 3, we observe some interesting patterns with respect
to the frequency with which subjects set p = 1. In general, the frequency of monopoly pricing
steadily increases in treatments C3 and I3. There are also increases in treatments C6 and 16,
but the pattern is less clear. So, generally speaking, as the experiment evolves people adopt
monopoly prices more frequently and, at the same time, set lower interior prices.

The estimates of the linear probability model for monopoly pricing, equation (5), presented
in Table 4 reveal that there is an increasing trend in the frequency with which monopoly pricing
is adopted along the 50 periods of a session. At the same time, the estimates of the individual
pricing model (4) presented in Table 3 show that, overall, prices present a declining trend. This,
together with the increasing trend in the frequency of monopoly pricing implies that interior
prices present a strongly decreasing tendency. Also, given the significance of the lagged own
strategy coefficients, both the overall and the monopoly pricing models reject the hypothesis of
independence of individual strategies over time, which is a rejection of Hb5.

The overall individual pricing and the monopoly pricing models allow us to further investigate
the underlying behavioral dynamics which can explain the aforementioned trends. First, the
overall pricing model confirms that individual prices are compatible with Cournot best responses,
given that a firm’s price in a given period positively relates to the average price of rival firms
in the previous period. The reaction to rival prices in periods before the last is rejected by
the corresponding model with two lags. Also, a period’s price is lower following a period of
low earnings, while further lags of a firm’s own profit were also found to be nonsignificant.
Intuitively, this finding implies that a firm which has failed to be the most competitive of those
included in the index is more likely to abandon competitive pricing in favor of a higher price
in the following period. In fact, in that case, a rational player should then revert to monopoly
pricing. The estimated monopoly pricing model confirms exactly this conjecture. The lower the
average of rival prices are, the more likely it is that a firm adopts monopoly pricing in the next
period.

Summarizing the findings obtained from the estimation of the two individual pricing models,
we can describe a situation which is perfectly compatible with the price cycles described in several
theoretical, empirical and experimental studies reviewed above. A firm engages in competitive

pricing trying to be the one with the lowest price among those sampled by the search engine.
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In that effort, their reaction to rival past prices resembles Cournot best responses, because a
fall (increase) in rival firms’ prices is followed by a fall (increase) in the firm’s own price in
the following period. Firms will more frequently fail to be the one with the lowest price, thus
experiencing a sharp fall in their profits. In that case, firms will abandon competitive (interior)
prices in order to adopt monopoly pricing. However, such cycles coexist with an increasing trend
in the frequency with which monopoly pricing is adopted and a decreasing trend of interior
prices. Another important novelty of our analysis is that the aforementioned dynamics concern

individual behavior obtained in the absence of any noise from rival firms’ learning dynamics.

5 Conclusions

The rapid increase in the volume of Internet-based consumer search processes has led to a re-
emergence of economists’ interest in the functioning of markets with informed and uninformed
consumers.

In this paper we have presented experimental results which are relevant for the evolution of
prices in Internet-assisted search markets. Our design implements conditions which are inspired
by the comparative statics of the models by Varian (1980) and Burdett and Judd (1983). The
data offer limited support for the static predictions of the two models. However, our focus on the
dynamics underlying the observed price distributions reveals some interesting features which, to
our knowledge, have not been studied so far.

First, we observe that price distributions are bimodal. One mode corresponds to monopoly
pricing and the other to interior dispersed equilibria. While overall prices tend to react to
the treatments implemented here, the frequency of monopoly pricing remains invariant across
treatments. We show that interior prices exhibit a decreasing trend, whereas the frequency
with which monopoly pricing is adopted increases over time. This finding can be considered
as a confirmation of the instability prediction by Hopkins and Seymour (2002) for this setting.
Firms set higher prices in response to higher rival prices in the past and are more likely to adopt
monopoly pricing following a period of low profits. On the contrary, they are more likely to
undercut, setting interior prices in response to rivals adopting monopoly pricing in the previous
period. These patterns are compatible with Cournot best responses and price cycles caused by
firms’ switching from interior to monopoly pricing and viceversa.

We cannot propose a unique behavioral explanation for the systematic and excessive fre-
quency with which monopoly pricing is adopted. Nevertheless, it seems that the conjecture by
Janssen and Moraga-Gonzalez (2004) is only confirmed by interior prices, because monopoly

pricing is not affected by the number of firms in the market and the number of those sampled by
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the search engine. Therefore, the adoption of monopoly pricing can be explained as the result
of risk averse behavior aimed at guaranteing the safe monopoly profit against the potentially
more profitable but riskier alternative of competitive pricing. Alternatively, according to Baye
and Morgan (2004), excessive monopoly pricing may be a symptom of bounded rationality.
Our results go beyond testing the stability of price dispersions or a set of specific predictions
based on comparative statics. According to the main finding of our experiment, in search
markets like the ones assisted by Internet-based price comparison search engines, some prices
should be expected to decrease over time, while, at the same time, the frequency of monopoly
pricing should be expected to increase. Hopefully, this clear cut prediction will inspire future
empirical research on the divergent dynamics affecting the two attractors of pricing behavior

identified here.
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Appendix

Instructions (translated from Spanish)

e The purpose of this experiment is to study human behavior in specific economic contexts.
The session will last (approximately) an hour. This experiment is part of a research project
which has received support by public and private institutions. Your decisions during this
session are going to be of great importance for the success of our research. Follow the
instructions carefully. At the end of the session you will receive an amount of money in
cash which will depend on your performance during the session. Next, we describe the

economic scenario in which the decision making will take place.

e The environment is an industry characterized by:
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(a) A number of firms (3 or 6) which will remain constant through the session. Each firm

produces a product which is the same for all firms,
(b) A price comparison search engine like the ones on the Internet,

(c) 1200 consumers.

You are one of the firms in the industry. At the beginning of the session, the exact number

of firms in the industry will appear on your screen.

The session will consist of 50 rounds. In each round, you have to decide the price at which

you want to sell the product. Price is your only decision variable.

For simplicity, your production costs are zero, so that, each period, your profits will be

equal to your revenue (PRICE x number of consumers you sell to).

Each period, the Price Search Engine lists the price of all (Treatments 13 and 16:several
but not all) firms in the industry. (Treatments 13 and I6:The exact number of firms whose
prices will be indexed by the search engine will appear on your screen at the beginning of

the session.)

Treatments 13 and 16): In particular, the search engine chooses randomly the firms whose

prices are going to be indexed in each period.
Transactions will take place in UMEX, our lab’s Ezperimental Monetary Unit.

Each consumer buys one unit of the product per round. His maximum willingness to pay
for a unit of the product is 1000 UMEX. That is, if the price you fix is higher than 1000
UMEX, the demand for your product will be zero.

There are two types of consumers. Half of them (600) are consumers who read the list of
prices created by the price search engine. The other half do not actually read the list of
prices of the search engine (maybe because they are not able to do so). The behavior of

consumers is simulated by the computer.

The consumers who read the price list of the search engine will buy from the firm whose
price for that period is the lowest among all prices included in the price list, if such price
does not exceed 1000 UMEX. In case of a “tie” (i.e. several firms fix the same minimum

price) the consumers are distributed evenly among the firms with the same minimum price.

The consumers who do not read the search engine’s price list will buy randomly from any
vendor, so that this group of consumers will be distributed evenly among all firms in the

industry.
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e In each round, the computer randomly assigns the other firms you compete with among
computer-simulated agents who are programmed to pursue identical objectives to those
induced to you by these instructions. Therefore, the probability of competing with a firm

which adopts the same price over several periods is very low.

Feedback

e After each round’s prices are posted you will receive feedback on the outcome of the period,
like (Treatments 13 and I6: whether you were part of the search engine,) your own sales
and your earnings for that round and the prices fixed by the rest of the firms in your
market. (Treatments 18 and I6: The prices of firms indexed by the search engine, will

appear in bold characters.)
e During the session, you will be able to see the complete history of the aforementioned

feedback on your screen.

Payoffs

e At the end of the session you will be paid in cash. Your reward will be determined
taking into account the earnings you accumulate over 15 (randomly selected) periods. The
exchange rate will be: 1,000,000 UMEX = 12 € (if you are part of a market with 3 firms),
or 1,000,000 UMEX = 24 € (if you are part of a market with 6 firms).

Thank you very much for your collaboration. Good luck!
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